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We studied factors influencing habitat selection by two arboreal species of pit viper, namely 

Trimeresurus malabaricus (Malabar pit viper) and T. gramineus (Bamboo pit viper). The macro-

habitat of these species was classified as forest, forest edge, or open habitat. To determine micro-

habitat selection, a variety of features at every other snake location were measured. Whether or not 

the animal was found in a tree, the tree species, its height of perch, position on the branch (distal/

apical/middle), diameter of the branch, the tree canopy (thick/sparse) and vegetation of the area 

(thick/sparse) were recorded. Assessment of habitat was done to determine how patterns of habitat 

use vary seasonally. Shaded ambient (air) temperatures and humidity were recorded. Data pertain-

ing to 90 individuals of T. malabaricus and 100 individuals of T. gramineus were recorded. Trimeresurus 
malabaricus selected home ranges that included areas with thick vegetation and were encountered 

at regions of higher altitude. Neither of the species was found in open habitats. Both of the species 

preferred diverse habitats and were spread over the entire available space during the monsoon; 

they did not show any preference for the perch height during different seasons. Males had a pos-

itive correlation between body mass and preferred perch diameter. The present study suggests that 

several factors play an important role in habitat selection by these arboreal pit vipers, thus making 

them highly habitat-specific.
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INTRODUCTION

“The habitat of a species can be defined as that portion 

of a multi-dimensional hyperspace (defined by any number 

of habitat factors) that is occupied by a given species” 

(Whitaker, et al., 1973). There is little data on interspecific 

niche partitioning by snakes as compared to other verte-

brate groups (Schoener, 1977; Toft, 1985). Presently, 

descriptions of the preferred habitat are available only for a 

very few species of snakes (Reinert, 1993) and therefore, 

snakes are not well represented in studies of habitat selec-

tion. This may be because snakes are rarely encountered in 

the tropics. Few studies suggest that individual snakes 

actively select a suitable portion of their environment, which 

is influenced by biotic and abiotic factors (Reinert, 1984; 

Weatherhead and Charland, 1985; Burger and Zappalorti, 

1988; Weatherhead and Prior, 1992; Reinert, 1993). Although 

some species are specialized to exploit a narrow range of 

habitat, most species sporadically utilize an extensive range 

(Heatwole, 1977). Hence, it is very important to know and 

understand the probable reasons for such wide variation in 

habitat selection amongst various species of snakes. Many 

snake species are decreasing in abundance, and habitat loss 

is considered to be a major causal factor. Hence, it is impor-

tant for species conservation efforts to understand a snake’s 

habitat ecology (Dodd, 1987; Mittermeier et al., 1992; Wilson, 

1992; Dodd, 1993; Reinert, 1993; Losos et al., 1995; Fahrig, 

1997; Gibbons et al., 2000; Fahrig, 2002).

Pit vipers belong to the family Viperidae and subfamily 

Crotalinae, which is represented by 21 genera. Trimeresurus 

malabaricus and T. gramineus are arboreal in nature, have 

restricted distribution, and are habitat specific; abiotic factors 

within the habitat, such as seasonal changes in temperature 

and humidity, influence the distribution of these snakes 

(Sawant et al., 2010). Very limited information is available 

on the ecology of these snakes (Tu et al., 2000; Oliveira and 

Martins, 2001; Shine and Sun, 2002; Valdujo et al., 2002; 

Lin et al., 2007; Eskew et al., 2009) and the studies of their 

spatial ecology have never been conducted. Because habi-

tat destruction may lead to extinction of these species it is 

crucial to identify the factors that influence their habitat in 

order to conserve these species. Hence, this study will 

describe the habitat of T. malabaricus and T. gramineus and 

the factors that influence their habitat selection.

MATERIALS AND METHODS

The fieldwork was conducted in five protected areas of Goa, 

India, viz., Mhadei Wildlife Sanctuary (208 km2), Bhagwan 

Mahaveer Wildlife Sanctuary and National Park (241 km2), Bondla 

Wildlife Sanctuary (8 km2), Netravali Wildlife Sanctuary (211 km2) 

and Cotigao Wildlife Sanctuary (85 km2) from June 2005 to January 

2009. Two arboreal pit viper species, T. malabaricus and T. 

gramineus, were chosen for the present study. Pit vipers can be rel-

atively easily captured using visual encounter survey due to their 

ambush predation habits. The detailed survey method is as 

described elsewhere (Sawant et al., 2010).

The macro-habitat was classified as forest, forest edge, or 

open habitat. Forest edge was defined as any location, 15 m from 
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where forest met open habitat (e.g., fields and rocky outcrop)

(Blouin-Demers and Weatherhead, 2001). To determine microhabi-

tat selection, a variety of features at every other snake location 

were measured, classified and noted. Whether or not it was in a 

tree, the tree species, its height of perch, the position on the branch 

(distal/apical/middle), the diameter of the branch, the tree canopy 

(thick/sparse) and the vegetation of the area (thick/sparse) was 

recorded. Seasonal shifts in habitat use are a consistent feature of 

the ecology of many snake species (Reinert, 1993) as well as other 

types of reptiles (Paulissen, 1988). Activity cycles also appear to be 

seasonal among diverse animal taxa in the tropics. Thus, assess-

ment of habitat was done to examine seasonal habitat use; hence, 

the analysis also involves seasonal (summer: March to May; mon-

soon: June to October; and winter: November to February) compar-

isons of snake-selected sites.

Whenever a snake was sighted, the hygrothermal profile of the 

habitat was recorded. Shaded ambient (air) temperatures and 

humidity were recorded following the methodology of Shine et al. 

(2005), with a few modifications. The shaded temperature and 

humidity at different heights above the ground were recorded using 

a thermometer. The temperature was recorded on the ground up to 

the point where the snake was located with a distance of 30 cm 

between two readings and up to 60 cm above the point where the 

snake was located. This data was recorded to know whether 

snakes will select their location based on their thermal preference 

i.e., whether there is association between height and temperature 

during summer and monsoon seasons.

All the calculations i.e. one-way ANOVA, two-way ANOVA, cor-

relation coefficient, and plotting of graphs were carried out using the 

Microsoft Excel Software 2007. Differences of P < 0.05 were 

regarded as statistically significant. All the figures were represented 

as mean ± SE (Standard Error).

RESULTS

Habitat assessment

Data pertaining to 90 individuals of T. malabaricus and

100 individuals of T. gramineus were recorded. Trimeresurus 

malabaricus selected locations that included areas with thick 

vegetation. Amongst the 90 individuals of T. malabaricus, 

87.78% were encountered in forest habitat, whereas, the 

remaining 12.22% were present in forest edge habitats. Nei-

ther of the species was found in open habitats. Only 12.22% 

of T. malabaricus that preferred forest edge habitat were 

encountered at regions of higher altitude (above 700 m). In 

contrast, amongst the 100 individuals of T. gramineus, 40% 

were encountered in the forest habitat, whereas 60% were 

observed in the forest edge habitat. One-way ANOVA 

between correlation of each species and the preferred hab-

itat (forest, forest edge, and open) showed that the habitat 

utilization by T. malabaricus varied significantly (P = 0.006, 

df = 2, F2, 12 = 7.74), whereas T. gramineus showed an 

insignificant pattern of habitat use (P = 0.14, df = 2, F2, 12 = 

2.36). Both species of pit vipers preferred diverse types of 

habitat and individuals were spread over the entire available 

space during the monsoon, whereas, they were restricted to 

cool and moist places during winter and summer. The temper-

ature and humidity varied during different seasons (Table 1).

Habitat preference differed in males and females of T. 

malabaricus whereas in T. gramineus it was observed that 

both sexes were encountered in forest edge habitats (Table 

2). For differences between sexes, one-way ANOVA analysis 

showed that the preference of habitat types by T. malabaricus

varied significantly, [males (P = 0.033, df = 1, F1, 8 = 6.53) 

and females (P = 0.039, df = 1, F1, 8 = 6.03)], whereas, there 

was no difference in the preference for habitat types by both 

sexes of T. gramineus (P > 0.05). Trimeresurus malabaricus 

and T. gramineus were observed mostly on vegetation and 

rarely on ground. Amongst the individuals of T. malabaricus 

encountered during the present study 86% (n = 77) were 

encountered on vegetation while 14% (n = 13) were found 

on the ground (three were found while crossing a road [at 

night] and 10 were found on rocks near a water body). All 

three individuals of T. malabaricus encountered while cross-

ing the road were males and were encountered during the 

monsoon; 70% of the individuals encountered on rocks were 

females. It was observed that 64% of the individuals 

encountered on vegetation were females and 36% were 

males. Also 69% of the total individuals were sighted in the 

areas having thick tree canopy cover, while 31% were 

encountered in areas having sparse tree canopy cover.

Of 100 T. gramineus encountered during the study, 94% 

(n = 94) were encountered in the vegetation whereas, 6% 

(n = 6) were encountered on the ground while crossing the 

road at night. It was observed that five of six (83%) individ-

uals encountered while crossing the roads were males, 

whereas 55% of the individuals encountered in vegetation 

were females and 45% were males. Of all individuals 

sighted in vegetation, 34% were sighted in areas having 

thick tree canopy cover, while 66% were encountered in 

areas having sparse tree canopy cover. The tree canopy 

cover structure differed in different seasons. However, both 

arboreal pit vipers utilized only those regions having thick 

tree canopy cover. The arboreal pit vipers exhibited no pref-

erence for vegetation structure at low ambient temperature 

(monsoon), except for an apparent avoidance of vegetation 

with bare branches and no leaves. However, during summer 

they were distributed in the regions with thick tree canopy 

and thick vegetation.

The tree species utilized by T. malabaricus and T. 

gramineus are given in Table 3. One-way ANOVA showed 

no significant differences (P > 0.05) between tree species 

utilization when compared between T. malabaricus and T. 

gramineus and also when compared between males and 

females of each species separately.

Perch height

Amongst pit vipers observed in vegetation, the mean 

perch height for T. malabaricus was 1.56 ± 0.07 m (mean ±

Table 1. Variation in range of temperature and humidity in different 

seasons.

Seasons Temperature Humidity

Summer 28–35°C 51–79%

Monsoon 21–28°C 88–98%

Winter 18–33°C 65–85%

Table 2. Number of individuals of T. malabaricus and T. 

gramineus found in different types of habitat.

Species

Forest

Habitat

Edge

Habitat

Open

Habitat

M F N M F N M F N

T. malabaricus 30 49 79  4  7 11 0 0 0

T. gramineus 16 24 43 31 29 57 0 0 0

M = Male, F = Female , N = Total number of individuals
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SE) and ranged from 0.60 to 3.35 m. One-way ANOVA 

showed no significant difference (P > 0.05) in perch height 

between male and female T. malabaricus (Table 4). There 

was a positive correlation between body length and perch 

height attained by males (r = 0.02, P > 0.05) as well as 

females (r = 0.102, P > 0.05) of T. malabaricus. The mean 

perch height for T. gramineus was 1.48 ± 0.06 m (mean ± SE) 

and ranged from 0.54 to 3.04 m. One-way ANOVA showed 

no significant difference (P > 0.05) in perch height between 

male and female T. gramineus (Table 4). There was a posi-

tive correlation between body length and perch height 

attained by males (r = 0.027, P > 0.05) and females (r = 0.108, 

P > 0.05) of T. gramineus. The arboreal pit vipers did not show 

any preference for perch height during different seasons.

Perch diameter

Amongst pit vipers encountered in vegetation the mean 

perch diameter (diameter of the branch) utilized by T. 

malabaricus (n = 50) was 42.5 ± 1.78 mm (mean ± SE) and 

ranged from 21 to 67 mm. One-way ANOVA showed signif-

icant difference (P = 0.019, df = 1, F1, 48 = 5.83) in perch 

diameter used by male and female T. malabaricus (Table 4). 

There was a positive correlation between body mass and 

perch diameter preferred when tested for males (r = 0.74, 

P = 0.001) and females (r = 0.71, P = 0.001). The mean perch 

diameter for T. gramineus (n = 70) was 39.28 ± 1.40 mm 

(mean ± SE) and ranged from 19.8 to 62.1 mm. Analysis of 

variance (one-way ANOVA) showed significant difference 

(P = 0.008, df = 1, F1,68 = 7.32) in perch diameter used by 

male and female T. gramineus (Table 4). There was a pos-

itive correlation between body mass and perch diameter 

preferred when tested for males (r = 0.17, P > 0.05) and 

females (r = 0.18, P > 0.05).

Location on the branches where arboreal pit vipers were 

found

The location on the branches where T. malabaricus and 

T. gramineus were found differed. We observed that T. 

malabaricus mostly preferred distal position on the branches 

followed by middle and apical. In contrast, T. gramineus 

mostly preferred middle branch segments, followed by api-

cal and distal. The arboreal pit vipers did not show any pref-

erence for the position on branch during different seasons. 

Two-way ANOVA showed a significant (P = 0.01, df = 2, F = 

Table 3. List of floral species used for perch by T. malabaricus and 

T. gramineus.

Floral species T. malabaricus T. gramineus

Bamboosa bambos √

Calicopteris floribunda √ √

Careya arborea √

Carvia callosa √ √

Catunaregum spinarum √ √

Dalbergia latifolia √ √

Dendrocalamus strictus √

Duranta species √

Eupatorium odoratum √ √

Grewia species (Unidentified) √

Grewia tiliaefolia √

helicteris isora √ √

Leea indica √ √

Melastoma malabatricum √

Mussaenda glabrata √ √

Psychotria dalzelli √

Strychnos nuxvomica, √

Tabernamonatana hyneana √

Terminalia paniculata √

Woodfordia fruticosa √ √

Table 4. The mean perch height ± SE and mean perch diameter ±
SE attained by males and females of T. malabaricus and T. 

gramineus.

Species
Mean Perch

height (meters)

Mean Perch

Diameter (milimeters)

T. malabaricus M 1.57 ± 0.11 38.4 ± 2.26

F 1.56 ± 0.08 46.7 ± 2.54

T. gramineus M 1.51 ± 0.08 35.71 ± 1.73

F 1.50 ± 0.08 42.85 ± 2.06

Table 5. The number of individuals of arboreal pit viper species 

occupying different regions on the branch.

Species
Distal Middle Apical

M F N M F N M F N

T. malabaricus 4 2 6  7 10 17 17 37 54

T. gramineus 7 2 9 24 31 55 11 19 30

M = male, F = female, N = totla number of individuals

Fig. 1. Graph showing the location of arboreal pit viper and the 

shaded ambient temperature at different heights from the ground 

during summer (  represents the perch height at which the pit viper           

was located).

Fig. 2. Graph showing the location of arboreal pit viper and the 

shaded ambient temperature at different heights from the ground 

during monsoon (  represents the perch height at which the pit          

viper was located).
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10.74) difference in the utilization of branch position by each 

species of arboreal pit viper. Preference for position on the 

branches differed when compared between males and 

females of each species (Table 5).

Thermal profile

A thermal profile was taken at five occasions in summer 

and five occasions in monsoon to get an impression of the 

association between thermal regimes and snake locations. 

The ambient temperature at a height of every 30 cm from the 

ground up to the position of pit viper declined during summer 

(n = 5; two T. malabaricus and three T. gramineus), whereas, 

it elevated during monsoon (n = 5; three T. malabaricus and 

two T. gramineus). On all five sampling occasions during 

summer the ambient temperature was generally found to be 

high and averaged about 0.42°C, higher on the ground than 

at the position where pit vipers were located on the trees. 

We also noted that in summer the ambient temperature at 

60 cm above the point where pit viper was located on the 

tree was high with an average of 0.24°C higher than the 

ambient temperature at the position of pit viper (Fig. 1). On 

all five sampling occasions during monsoon the ambient 

temperature was generally found to be low and averaged 

about 0.3°C, lower on the ground than at the position where 

pit vipers were located on the trees. It was also noted that 

the ambient temperature at 60 cm above the point where pit 

viper was located on the tree was low, with an average 

about 0.18°C lower than the ambient temperature at the 

position of pit viper (Fig. 2).

DISCUSSION

Terrestrial and arboreal habitats differ greatly in the 

types and amount of food availability, susceptibility to pred-

ators, and physical factors such as temperature and humid-

ity. As a consequence of these differences, many species 

have become highly specialized for either terrestrial or arbo-

real life and rarely inhabit alternative habitat (Plummer, 

1981; Luiselli et al., 2000; Vilt et al., 2000). Identifying hab-

itats that are used selectively is the first step in determining 

a species’ critical habitat. Habitat selection occurs at differ-

ent spatial scales. At the landscape level, animals select the 

most suitable habitats (i.e. forest, field, wetlands) and then, 

within habitats, select microhabitats that fulfill their require-

ments (Cody, 1985; Orians and Wittenberger, 1991). The 

habitat composition within both species of pit vipers’ home 

range differed from habitat composition within the total study 

areas. Trimeresurus malabaricus predominantly occupied 

tropical evergreen forest and rarely used moist deciduous 

forest. T. gramineus were observed largely in wet bamboo 

brakes, tropical semi evergreen, and moist deciduous forest 

(see Sawant et al., 2010).

At the macrohabitat scale, the locations of both pit viper 

species differed. Their home range was restricted to forest 

and forest edge habitat, thus, avoiding open habitats. T.

malabaricus had higher encounter rates in forests than for-

est edges thus, showing preference for thick vegetation, 

selecting a home range in forest habitat. ANOVA showed a 

significant difference in habitat (forest and forest edge) utili-

zation by T. malabaricus, whereas the habitat use by T. 

gramineus did not differ significantly between forest and for-

est edge. Martins et al. (2001) stated that, most species of 

Bothrops and Trimeresurus are found in forests. Unfavor-

able ranges of habitat types can occur even within a small 

area, and animals use this diversity in multifaceted ways. 

The organism’s ‘choice’ of particular habitat features appar-

ently relates to advantages and disadvantages linked with 

each option (Krebs and McCleery, 1984). The forest edge is 

located at the boundary of the coolest habitat (forests) that 

is always shaded and the warmest habitats (open habitats) 

that receive full solar radiation, thus, snakes in forest edges 

always have access both to protection from the forest and 

to the warmest possible habitats (open habitats). Weather-

head and Charland (1985) proposed that snakes might pre-

fer edges because increased solar radiation allows snakes 

to bask to increase body temperatures. Presumably, edges 

also facilitate thermoregulation as they provide simultane-

ous access to open sunny habitats that help to increase 

body temperatures and shaded forests, which serve to 

decrease body temperatures. Carfagno and Weatherhead 

(2006) reported intraspecific and interspecific variation in 

use of forest and forest edge habitat by snakes to occur as 

a result of thermoregulatory needs. Thus, a higher diversity 

in macrohabitat use in pit vipers may be associated with 

inhabiting structurally more intricate habitats, such as tropi-

cal forests. However, when the preference for the habitat 

was tested for males and females of each species sepa-

rately it showed insignificant pattern of habitat use, suggest-

ing that habitat utilization does not differ between sexes.

The study also revealed that the pit vipers do not show 

any change in habitat preference during different seasons. 

Reinert (1993) suggested that the need to locate essential 

resources such as food, shelter, and gestation sites, influ-

ence habitat selection by snakes.

There was no great difference observed between the 

temperature and humidity between the study areas. How-

ever, the microhabitat use varied seasonally in both the spe-

cies, during monsoon they were found in all the transects, 

whereas, in summer and winter they were observed in 

transects having water bodies in the vicinity and thick vege-

tation The individuals of both the species were encountered 

in the regions having cool climate (segments of the 

transects with lower temperature and higher humidity) sug-

gesting that the species prefer cool and moist places and 

thus are hygrophilic in nature. Daltry et al. (1998) reported a 

similar observation in Calloselasma rhodostoma, a pit viper 

which typically remains motionless in areas with dense 

cover of undergrowth.

Trimeresurus malabaricus and T. gramineus remain 

camouflaged in the thick canopy of the trees. Amongst the 

individuals of T. malabaricus encountered in the vegetation, 

most were sighted in the areas having thick tree canopy 

cover, while amongst the individuals of T. gramineus 

encountered in vegetation only few were sighted in areas 

having thick tree canopy cover. Furthermore the arboreal pit 

vipers exhibited no preference for vegetation structure at low 

ambient temperature (monsoon), except for avoiding vege-

tation with bare branches and no leaves. However, during 

summer they were distributed in regions with thick tree can-

opy and thick vegetation. We observed that tree species uti-

lization did not differ significantly between the two arboreal 

species or between the two sexes of both species. Meik et 

al. (2002) suggested that type of vegetation can have a sig-
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nificant impact upon habitat availability for ectotherms by 

affecting the thermal characteristics of probable habitats. 

The types of vegetation selected by pit vipers as retreat 

sites are also influenced by temperature cues; moreover, 

the physical environment within a habitat structure may influ-

ence the thermal attributes and microclimate of a reptile’s 

selected habitat (Christian et al., 1983; Huey et al., 1989; 

Pringle et al., 2003; Heard et al., 2004; Tsairi and Bouskila, 

2004; Webb et al., 2004). This explains the difference in 

encounter rate of the two arboreal species in thick and 

sparse vegetation. Janzen (1976) suggested that vegetation 

cover plays a crucial role in concealing snakes from preda-

tors. Thus, arboreal snakes may be selecting the thick veg-

etation as a defense approach; however data pertaining to 

predator density affecting the habitat selection by arboreal 

pit vipers is sparse, therefore this possibility cannot be 

assessed formally.

Individuals of the arboreal species were also encoun-

tered while crossing the roads during night hours; this could 

be due to the thigmothermic reaction to warm surfaces, such 

as asphalt roads at night as observed in nocturnal crotalines 

(Klauber, 1972). Since the arboreal species were found 

crossing the roads during the monsoon, this excursion to the 

ground could be driven by the availability of prey, especially 

frogs, which represent easy and abundant prey available 

during the monsoon season on roads. The findings also 

suggest that since all the individuals of T. malabaricus and 

five of six T. gramineus sighted on the roads were males, 

the search for a mate could also result in such excursions. 

Shine et al. (2004) suggested that pheromonal trail-following 

may result in males traveling further and longer to locate 

females. Trimeresurus malabaricus was also found in the 

rock crevices near water bodies; this may be mainly due to 

their hygrophilic nature (discussed above).

Amongst the arboreal pit vipers the mean perch height 

did not differ significantly. The mean perch height for T. 

malabaricus was 1.56 ± 0.61 m (ranged from 0.60 to 3.35 m) 

and that of T. gramineus was 1.48 ± 0.55 m (ranged from 

0.54 to 3.04 m) this could help avoiding the avian predators 

as very high perch heights have the risk of predations 

whereas low perch height may affect thermoregulation. The 

males and females of both the species showed no signifi-

cant difference between the perch heights. Although the 

data indicate no significant differences in perch height 

between the two species and between the sexes of the two 

species, the vertical heights used by pit vipers showed a 

positive but not significant correlation with body length, 

except for males of T. malabaricus which showed a negative 

correlation. This may have been due to constraints on the 

available vegetative height in the forest. These findings 

supported the hypothesis that the hygrothermal profile i.e. 

ambient temperature and humidity may affect perch height 

selection during dry and wet seasons, this findings aug-

ments that of Shine et al. (2005). During the dry seasons, 

attaining higher perches may help to avoid higher ambient 

temperatures close to ground level. Heatwole (1970) sug-

gested that arid zone lizards seek higher perches in hotter 

weather to avoid high temperatures on the ground, whereas 

during monsoon higher perch heights may be attained for 

basking. However, this result is primarily based on data of 

five individuals during both dry and wet seasons, and more 

intensive study is required to confirm it. There was however 

a significant difference in perch diameter used by males and 

females of both the species, which also showed a positive 

but an insignificant correlation between body mass and 

perch diameter, suggesting that arboreal pit vipers select 

twigs/branches depending on their body mass. Thus, 

heavier arboreal snakes may prefer lower branches (perch 

height) if the twigs become more slender towards the apex 

of the tree and the weight-carrying capacity of the twig 

decreases. These assumptions depend on the type of tree 

species and the habitat composition. However, no correla-

tion between body size and perch height (Henderson, 1974) 

and body mass and twig diameter (Rodda, 1992; Tu et al., 

2000) were found in other studies. The analysis of the 

regions of the branch (distal, apical, and middle) inhabited 

by the arboreal snakes showed that the regions inhabited by 

the arboreal pit vipers differed significantly; T. malabaricus

occupied the distal region of the branch followed by middle 

and apical, whereas, T. gramineus was found to prefer mid-

dle regions on the branch, followed by middle and distal. 

The preference for distal position by T. malabaricus may be 

mainly to conceal with the branch color, whereas the prefer-

ence by T. gramineus for middle and apical regions on the 

branch helps to conceal amongst the foliage and thus helps 

the snakes both to avoid predation and to capture prey. 

However, few individuals of T. malabaricus on middle and 

apical region of the branch and of T. gramineus on distal 

region of the branch were encountered. These encounters 

are possibly due to the presence of prey, such as arboreal 

agamids, which are concealed within the branches and 

small birds, usually bird nests, in the apical regions of 

branches, but the type of vegetation (bare branches, i.e. 

branches without leaves and thick bushes) will also deter-

mine the location of the snake on the branch.

The findings of the present study, thus suggest that sev-

eral patterns (i.e. hygrothermal profile, positive correlation of 

body length with perch height, positive correlation of body 

mass with perch diameter and regions of branches utilized, 

vegetation structure) play an important role in habitat selec-

tion by these arboreal pit vipers. As these species are very 

precise in their habitat selection, these abiotic factors will play 

a vital role not only in their survival but also in their distribu-

tion. Many species are decreasing in abundance and habitat 

loss is considered as one of the major reason. Thus, habitats 

that provide the necessary physical environment for their sur-

vival should be protected in order to conserve these species.

ACKNOWLEDGMENTS

We thank the Goa Forest Department, Government of Goa, 

India for all their support and permission (Permit: No. 1-16-CF-WL 

and ET/07/1722) to conduct the research in the protected areas of 

Goa. Many people assisted in the fieldwork; we sincerely thank all 

of them for their assistance.

REFERENCES

Blouin-Demers G, Weatherhead PJ (2001) Thermal ecology of black 

ratsnake (Elaphe obsolete) in a thermally challenging environ-

ment. Ecology 82: 3025–3043

Burger J, Zappalorti RT (1988) Effects of incubation temperature on 

sex ratios in pine snakes: differential vulnerability of males and 

females. Amer Nat 132: 492–505

Carfagno G LF, Weatherhead P (2006) Intraspecific and interspe-



N. S. Sawant and T. D. Jadhav26

cific variation in use of forest-edge habitat by snakes. Can J 

Zool 84: 1440–1452

Christian K, Tracy CR, Porter WP (1983) Seasonal shifts in body-

temperature and use of microhabitats by Galapagos land igua-

nas (Conolophus pallidus). Ecology 64: 463–468

Cody ML (1985) Habitat Selection in Birds. Academic, New York

Daltry JC, Ross T, Thorpe RS, Wuster W (1998) Evidence that humid-

ity influences snake activity patter: a field study of the Malayan pit 

viper, Calloselasna rodostoma. Ecography 21: 25–34

Dodd Jr CK (1987) Status, conservation and management. In 

“Snake: Ecology and Evolutionary Biology” Ed by RA Seigel, JT 

Collins, SS Novak, McGraw-Hill, New York, pp 478–513

Dodd Jr CK (1993) Strategies for Snake Conservation. In “Snake: 

Ecology and Behaviour” Ed by RA Seigel, JT Collins, SS 

Novak, McGraw-Hill, New York, pp 363–393

Eskew EA, Wilson JD, Winne CT (2009) Ambush site selection and 

ontogenetic shifts in foraging strategy in a semi-aquatic pit 

viper, the Eastern cottonmouth. J Zool 277: 179–186

Fahrig L (1997) Relative effect of habitat loss and fragmentation on 

population extinction. J Wildl manage 61: 603–610

Fahrig L (2002) Effect of habitat fragmentation on the extinction 

threshold: a synthesis. Ecol Appl 12: 346–353

Gibbons JW, Scott DE, Ryan TJ, Buhlmann KA, Tuberville TD, 

Metts BS, et al. (2000) The global decline of reptiles, de ja vu 

amphibians. Bioscience 50: 653–666

Heard GW, Black D, Robertson P (2004) Habitat use by the Inland 

carpet python (Morelia spilota metcalfei: Pythonidae): seasonal 

relationships with habitat structure and prey distribution in a 

rural landscape. Austral Ecol 29: 446–460

Heatwole HF (1970) Thermal ecology of the desert dragon 

Amphibolurus inermis. Ecol Monographs 40: 425–457

Heatwole H (1977) Habitat selection in reptiles. In “Biology of the 

Reptilia: Ecology and Behavior” Vol. 7 Ed by C Gans, DW Tinkle, 

Academic Press, London, pp 137–155

Henderson RW (1974) Aspects of the ecology of the neotropical 

vine snake, Oxybelis aeneus (Wagler). Herpetol 30: 19–24

Huey RB, Peterson CR, Arnold SJ, Porter WP (1989) Hot rocks and 

not-so-hot rocks - retreat-site selection by garter snakes and its 

thermal consequences. Ecology 70: 931–944

Janzen DH (1976) The depression of reptile biomass by large herbi-

vores. Amer Nat 110: 371–400

Klauber LM (1972) Rattlesnakes: Their Habits, Life Histories, and 

Influence on Mankind, Vol. 1. University of California Press, 

USA, p 209

Krebs JR, McCleery RH (1984) Optimization in behavioural ecology. 

In “Behavioural Ecology”, 2nd ed, Ed by JR Krebs, NB Davies, 

Blackwell Scientific, Oxford, pp 91–121

Lin HC, Hung HY, Lue KY, Tu MC (2007) Diurnal retreat site selec-

tion by the arboreal Chinese green tree viper (Trimeresurus s. 

stejnegeri) as influenced by temperature. Zool Stud 46: 216–

226

Losos E, Hayes J, Philips A, Wilcove D, Alkire C (1995) Taxpayer-

subsidized resource extraction harms species: double jeopardy. 

Bioscience 45: 446–455

Luiselli L, Angelici FM, Akani GC (2000) Large elapids and arboreal-

ity: The ecology of Jamesons Green Mamba (Dendroaspis 

jamesoni) in an Afrotropical forested region. Contr Zool 69: 

147–155

Martins M, Araujo MS, Sawaya RJ, Nunes R (2001) Diversity and 

evolution of macrohabitat use, body size and morphology in a 

monophyletic group of neotropical pitvipers (Bothrops). J Zool 

254: 529–538

Meik J, Jeo R, Mendelson J, Jenks K (2002) Effects of bush 

encroachment on an assemblage of diurnal lizard species in 

central Namibia. Biol Cons 106: 29–36

Mittermeier RA, Carr JL, Swingland IR, Werner TB, Mast RB (1992) 

Conservation of amphibians and reptiles. In “Herpetology: Cur-

rent Research on the Biology of Amphibians and Reptiles” Ed 

by K Adler, Society for the Study of Amphibians and Reptiles, 

Oxford, pp 59–80

Oliveira ME, Martins M (2001) When and where to find a pit viper: 

activity patterns and habitat use of the Lancehead, Bothrops 

atrox, in central Amazonia, Brazil. Herpetol Nat Hist 8: 101–110

Orians GH, Wittenberger JF (1991) Spatial and temporal scales in 

habitat selection. Amer Nat 137: S29–S49

Paulissen MA (1988) Ontogenetic and seasonal shifts in microhabi-

tat use by the lizard Cnemidophorus sexlineatus. Copeia 1021–

1029

Plummer MV (1981) Habitat utilization, diet and movement of a tem-

perate arboreal snake (Opheodrys aestivus). J Herpetol 15: 

425–432

Pringle RM, Webb JK, Shine R (2003) Canopy structure, microcli-

mate, and habitat selection by a nocturnal snake, Hoplocephalus 

bungaroides. Ecology 84: 2668–2679

Reinert HK (1984) Habitat separation between sympatric snake 

populations. Ecology 65: 478–486

Reinert HK (1993) Habitat Selection in Snakes. In “Snakes: Ecology 

and Behaviour” Ed by RA Seigel, JT Collins, McGraw-Hill Inc 

New York, pp 201–233

Rodda GH (1992) Foraging behavior of the brown tree snake, Boiga 

irregularis. Herpetol J 2: 110–114

Sawant N, Jadhav TD, Shyama SK (2010) Distribution and abun-

dance of pit vipers (Reptilia: Viperidae) along the Western 

Ghats’ Goa. J Threatened Taxa 2: 1199–1204

Schoener TW (1977) Competition and Niche. In “Biology of the Rep-

tilia” Vol 7, Ed by C Gans, DW Tinkles, Academic, New York, pp 

35–136

Shine R, Sun L (2002) Arboreal ambush-site selection by pit-vipers 

(Gloydius shedaoensis). Anim Behav 63: 565–576

Shine R, Lemaster M, Wall M, Langkilde T, Mason R (2004) Why 

did the snake cross the road? Effects of roads on movement 

and location of mates by garter snakes (Thamnophis sirtalis 

parietalis). Ecol Soc 9(1): 9

Shine R, Wall M, Langkilde T, Mason RT (2005) Scaling the heights: 

thermally driven arboreality in garter snakes. J Thermal Biol 30: 

179–185

Toft CA (1985) Resource partitioning in amphibians and reptiles. 

Copeia 1985: 1–21

Tsairi H, Bouskila A (2004) Ambush site selection of a desert snake 

(Echis coloratus) at an oasis. Herpetologica 60: 13–23

Tu MC, Wang S, Lin YC (2000) No divergence of habitat selection 

between male and female arboreal snakes, Trimeresurus s. 

stejnegeri. Zool Stud 39: 91–98

Valdujo PH, Nogueira C, Martins M (2002) Ecology of Bothrops 

neuwiedi pauloensis (Serpentes: Viperidae: Crotalinae) in the 

Brazilian Cerrado. J Herpetol 36: 169–176

Vilt LJ, Sartorias SS, Avila-Pires TCS, Esposito MC, Miles DB 

(2000) Niche segregation among sympatric Amazonian Teiid 

lizards. Oecol 122: 410–420

Weatherhead PJ, Charland MB (1985) Habitat Selection in an 

Ontario population of the snake, Elaphe obsoleta. J Herpetol 

19: 12–19

Weatherhead PJ, Prior KA (1992) Preliminary observation of habitat 

use and movements of the eastern Massasauga rattlesnake 

(Sistrurus c. catenatus). J Herpetol 26: 47–452

Webb JK, Pringle RM, Shine R (2004) How do nocturnal snakes 

select diurnal retreat sites? Copeia 2004: 919–925

Whittaker RH, Levin SA, Root RB (1973) Niche, habitat and eco-

tope. Amer Nat 107: 321–338

Wilson EO (1992) The Diversity of Life. W. W. Norton, New York, 

New York, USA

(Received April 26, 2012 / Accepted August 21, 2012)


