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INTRODUCTION

If two or more species in an ecosystem occupy a similar niche 
then they will usually compete for resources (Gause, 1934) 

and if environmental factors remain constant, one species 
will eventually outcompete and exclude the other (Hardin, 
1960). Interspecific competition for resources ultimately 
imposes higher energy costs on all competitors (Abramsky 
et al., 2001). Interspecific competition can be avoided by 
niche partitioning, when sympatric species develop different 
resource preferences (Wisheu, 1998), or when a population 
becomes regulated more by conspecifics than interspecifics 
(Chesson, 2000). In a landmark study on interspecific 
competition, Pacala & Roughgarden (1982) observed that 
Anolis species that partitioned feeding sites faced less conflict 
and competition than sympatric species that did not.
	 In snakes, food partitioning often takes greater priority 
over space between individuals, compared to other 
vertebrates (Toft, 1985), likely due to selection pressure for 
divergence in food types (Roughgarden, 1976).  Intraspecific 
niche partitioning has been suggested for several snake 
species (Shine & Wall, 2007). Of the estimated 46 green pit 
viper species found in Asia (Vogel et al., 2014) many show 
sexual dimorphism of mass and snout-to-vent length. This 
includes the species of the current study, Cryptelytrops 
macrops Kramer 1977 and Viridovipera vogeli David et al. 
2001 (Malhotra et al., 2004; Strine et al., 2015) and their 
dimorphism suggests some degree of intraspecific prey 
partitioning as males display different spatial ecology from 
females (Stuart et al., 2012; Barnes et al., 2017).

	 Viridovipera vogeli and C. macrops are both viviparous, 
typically arboreal and inhabit Thailand’s Sakaerat Biosphere 
Reserve (Kramer, 1977; David et al., 2001; Strine et al., 2015). 
These two sympatric species normally forage near water for 
frogs and other potential prey (Orlov et al., 2002), and thus 
occupy similar niches (as defined by Gause, 1934). Here we 
present a telemetry study of females of the two viper species 
giving preliminary evidence of home range sizes, movement 
patterns and vertical niche partitioning. Males were not 
included as their small size makes them unsuitable subjects 
for telemetry (Strine et al., 2015; Barnes et al., 2017).

MATERIALS AND METHODS

The study was undertaken in the dry evergreen forest of 
the Sakaerat Biosphere Reserve (for details of the Reserve 
see Trisurat et al., 2009).  The two green pit viper species 
of the study were captured during opportunistic searches at 
night. Morphometrics (mass, SVL, etc.) were determined the 
following day with the acrylic tube method and isoflurane 
anaesthesia as described by Wilkinson (2014).  We surgically 
implanted Holohil BD-2 and BD-2T 1.8 g transmitters into the 
body cavities of vipers following Reinert & Cundall (1982) 
and Hardy & Greene (2000).  Transmitter mass was less than 
5 % of the viper body mass. Vipers were returned to their 
location of capture within 72 hours.
	 Vipers were sought daily, once during day light and once 
at night time, and during every fix we attempted to obtain 
visual confirmation. Daytime is typically the inactive period 
(when they were most likely to be sheltering or resting) 
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and night the active period (most frequently ambushing, 
moving, etc.). We minimised disturbance to individuals by 
approaching slowly, identifying the location of the snake, 
and then immediately retreating from the subject to 
approximately 5 m for data collection. We defined vertical 
strata as underground, on ground, groundstorey (<1 m 
above the ground), understorey (1-3 m), midstorey (3-
10 m), and abovestorey (>10 m). The category “arboreal” 
referred to observations in the midstorey or abovestorey 
categories. Utilising categorical data allowed for simple data 
collection, thus minimising disturbance to the viper in the 
field. Snake locations were determined with handheld GPS 
units (Garmin GPSMap64s) to the highest accuracy possible 
(usually 5-12 m), confirmed later using ArcGIS 10.1 (ESRI, 
2012).  Displacements of > 5m were considered a “move” for 
consistency with the level of GPS accuracy.  We calculated 
number of moves, mean distance per move, and mean daily 
displacement (MDD, number of days tracked divided by 
distance moved) and provide descriptive statistics.
	 We radiotracked three female C. macrops and two female 
V. vogeli between July 2014 and February 2015 for 92-215 
days (mean 140.6 ± 26.12, median = 110, Table 1) but analyses 
were confined to data collected from 11 November, 2014 
to 27 January, 2015 (78 days) when all vipers were tracked 
simultaneously. This was the cold, dry season in north-east 
Thailand.  We calculated minimum convex polygon (MCP, 100 
%) and fixed kernel (50 and 99 %) home range size, using the 
adehabitatHR package (Calenge, 2006) in program R (version 
3.1.2; R Development Core Team, 2010). Accuracy of fixed 
kernel and MCP methods have previously been questioned 
(Row & Blouin- Demers, 2006), but are used for comparative 
purposes in this work. To select the smoothing factor for 
core (50 %) and activity (99 %) area utilisation distributions, 
we employed the least- squares cross validation method 
(Tiebout & Cary, 1987).

	

We also used dynamic Brownian Bridge Movement Models 
(dBBMMs; Karelus et al., 2017; Kranstauber et al., 2012; Silva 
et al., 2018) for a more modern approach of quantifying 
utilisation distributions (UD) as home ranges and movement.  
Unlike MCP and kernel density estimates, which do not 
account for spatially autocorrelated animal movement data 
(Kranstauber et al., 2012), dBBMMs incorporate the temporal 
structure of animal locations to estimate UDs based on their 
movement’s trajectory.  We set the dBBMM moving window 
size to 9 (equivalent to 9 days) and margin size of 3 to detect 
possible changes in movement between 3-day periods for all 
vipers except for CRMA174 (window size = 21, margin size = 
9), and telemetry location error to the average GPS accuracy 
obtained in the field (8 m). We used 90 % and 95 % dBBMM 
isopleth contour UDs to represent areas of ‘core utilisation’ 
and a more generous ‘total utilisation,’ as these larger 
contours predict a more accurate area of use without over-
smoothing (Walter et al., 2011).  Movement and home range 
dBBMMs were calculated in R using adehabitatHR (Calenge, 
2006), BBMM (Nielson et al., 2011), and ctmm (Calabrese et 
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Figure 1. Movement variance estimation (σ²m) over time for four green pit vipers with similar movement (A), and one viper with very high 
movement during the middle of December (B) during intensive study period between 11 November, 2014 to 27 January, 2015, with dashed 
lines indicating start and end of calendar months

Viper ID SVL Mass
Tracking Number 

of fixes
% time 

arborealStart 2014 End 2015

CRMA174 534 43.7 7th Oct 27th Jan 122 5.3

CRMA178 594 44.5 11th Nov 13th Feb 129 15.7

CRMA186 592 44.8 8th Nov 12th Feb 113 49.2

VIVO002 729 200 7th Jul 12th Feb 101 67.5

VIVO003 720 202 29th Jul 13th Feb 103 38.6

Table 1.  Summary of the radio-tracked C. macrops (CRMA) and 
V. vogeli (VIVO), including snout- vent length (SVL), total tracking 
duration of each viper, number of fixes during study period (11 
November, 2014 to 27 January, 2015), and % fixes observed arboreal 
(> 3 m above ground level) during study period
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al., 2016) packages.
	 Spatial overlap was calculated using UD overlap index (UDOI, 
Fieberg & Kochanny, 2005) with the R package KernSmooth for 
fixed kernels and the intersect function in QGIS (version 2.12.3; 
Quantum GIS Development Team, 2016) for MCP overlap 
analysis.  Overlap is presented as area (ha and %) for MCP and 
as the UDOI for kernels. Values from the UDOI range from < 1 
which suggests less overlap relative to uniform space use, 1 if 
both home ranges are uniformly distributed and have 100 % 
overlap, and values > 1 indicate higher than normal overlap 
relative to uniform space use.  We also present results from 2 
relatively infrequently used indices for comparative purposes; 
volume of intersection index (VI, Seidel, 1992; Kernohan et al., 
2001) and Bhattacharyya’s affinity (BA, Bhattacharyya, 1943), 
both of which range from 0 (no overlap) to 1 (identical home 
ranges); advantages and biases of all overlap methods are 
discussed in Fieberg & Kochanny (2005).
	 Due to small sample size, we compare overlap values 
and provide descriptive statistics for home ranges. Means 
are reported for data with standard error and medians. Due 
to our small sample size and categorical data, we used Chi-
square tests with the chisq.test function in program R to assess 
differences in arboreality between the two study species. 

RESULTS

In the 78 day period in which all vipers were tracked 
simultaneously, C. macrops were tracked more frequently 
(mean 121.3 ± 4.63 fixes, median = 122, range 113- 129 fixes) 
than the V. vogeli (mean 102 ± 1 fixes, median = 102, range 
101-103 fixes). The two V. vogeli were longer and heavier 
than the three C. macrops (Table 1) and all were within the 
typical adult size range for their respective species.
	 The five vipers undertook an average of 13.2 ± 1.24 
(median = 14, range 10-17) displacements, moved 30.28 
± 5.00 m (median = 28.14 m, range 20.38- 47.74 m) per 
displacement, and had mean daily displacements of 0.27 
± 0.05 m (median = 0.23, range 0.18- 0.46 m/day) (Table 
2). Vipers moved most frequently during mid- December, 
however, peaks of movement activity were observed at the 
end of November and also middle of January (Fig. 1). Mean 
MCP home range size for all individuals was 0.35 ± 0.07 ha 
(median = 0.41, range 0.18-0.51 ha); 50 % and 99 % kernels 
were 0.35 ± 0.21 ha (median = 0.15, range 0.07-1.17 ha) 
and 1.92 ± 1.00 ha (median = 1.01, range 0.48-5.89 ha), 
respectively; and 90 % and 95 % dBBMM were 0.97 ± 0.04 
ha (median = 0.97, range 0.86- 1.07 ha) and 2.34 ± 0.01 ha 
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Figure 2. Maps of green pit viper minimum convex polygons (MCP, 100 %); A. CRMA174 and VIVO003, B. CRMA178, CRMA186, and VIVO002

Viper ID Moves Mean distance MDD MCP 50 % FK 99 % FK 90 % 
dBBMM

95 % 
dBBMM

CRMA174 10 28.1 0.23 0.41 0.15 1.01 0.42 0.64

CRMA178 14 26.9 0.21 0.18 0.15 0.91 0.49 0.81

CRMA186 17 20.4 0.18 0.20 0.07 0.48 0.36 0.52

Mean 13.67 25.12 0.21 0.26 0.12 0.80 0.43 0.66

SE 2.03 2.40 0.01 0.07 0.02 0.16 0.04 0.08

Median 14 26.85 0.21 0.20 0.15 0.91 0.42 0.64

VIVO002 14 28.3 0.28 0.47 0.20 1.33 1.07 2.34

VIVO003 11 47.7 0.46 0.51 1.17 5.89 0.86 2.33

Mean 12.5 38.01 0.37 0.49 0.68 3.61 0.97 2.34

SE 1.5 9.72 0.09 0.02 0.49 2.28 0.04 0.01

Median 12.5 38.01 0.37 0.49 0.68 3.61 0.97 2.34

Table 2.  Movement and home range summary of radio-tracked C. macrops (CRMA) and V. vogeli (VIVO), including the number of displacements 
(moves), mean distance per displacement (m), mean daily displacement (MDD, m), and minimum convex polygon (MCP, 100%, ha), kernel (50 
% FK and 99 % FK, ha), and dynamic Brownian Bridge Movement Model (90 % dBBMM and 95 % dBBMM, ha) home ranges
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(median = 2.34, range 2.33-2.34 ha), respectively (Table 2, 
Fig. 2). Viridovipera vogeli had greater displacements (but 
did not move more frequently) and had larger home ranges 
than C. macrops (Table 2). Home range overlap between 
study vipers was minimal, and intraspecific overlap was not 
observed (Fig. 2 & Table 3).
	 During the 78 day study period, we observed that the two 
V. vogeli were in “arboreal” locations (> 3 m above ground 
level, mean 53.0 ± 14.4 %, median = 53.05, of observations) 
more often than C. macrops (mean 23.4 ± 13.2 %, median 
= 15.7, of observations, Table 1, Fig. 3). This difference was 
statistically significant (χ2 = 25.0565, df = 1, p < 0.001). The C. 
macrops were most frequently observed at the groundstorey 
level (< 1 m above ground, 101 observations, 41.6 % of total 
observations for this species), while the V. vogeli were most 
often observed at the abovestorey level (3- 10 m above 
ground, 46 observations, 41.1 % of total observations for this 
species).

DISCUSSION

Both green pit viper species in our study exhibited limited 
movement and small home ranges. This is consistent with 
their ambush foraging strategy (Macartney et al., 1988). 
However, V. vogeli moved further and exhibited larger home 
ranges than C. macrops. This was to be expected as larger 
individuals and species typically require larger home ranges 
for foraging (McNab, 1963).
	 Traditional home range estimators (MCP, kernels, etc.) are 
imperfect estimators for organisms with limited movement 

and small home range size such as green pit vipers. The 
MCP method includes large areas of unused space and does 
not take movement into account (Nilsen et al., 2008), while 
kernels generally overestimate overall home range size (Row 
& Blouin- Demers, 2006). To date, the dBBMM method has 
only been used for one other snake species, the king cobra 
(Ophiophagus hannah), which displays significantly larger 
home ranges.  However, this study suggests that dBBMMs are 
better at optimising the trade- off between Type I and Type 
II errors (under and over smoothing, respectively), displaying 
ecological patterns of habitat selection, addressing spatial 
autocorrelation of telemetry points, and providing insights 
into seasonal and habitat variation compared to MCP and 
kernel methodologies (Silva et al., 2018). All of our spatial 
methods, and coincidently those currently used by snake 
ecologists, fail to incorporate vertical movement and space 
use which limits ecological inferences for arboreal species 
such as green pit vipers. Innovative home range and overlap 
techniques have been developed to incorporate vertical 
movement and stratification (i.e. Cooper et al., 2014); 
however, these methods require much more movement and 
continuous height measurements than traditional methods.
	 Snakes are not known to display territorial behaviour, 
and individuals of the same species and population usually 
exhibit widely overlapping home ranges (see review by 
Gregory et al., 1987; Weatherhead & Hoysak, 1989; Secor, 
1994). It appears that both specimens of V. vogeli in our 
study had home ranges that overlapped those of C. macrops. 
No intraspecies overlap was observed, and one C. macrops 
(CRMA178) home range did not overlap any other study 
viper home range.  Small home range size, particularly by C. 
macrops, may best explain the limited home range overlap 
observed but overlap with non- tracked individuals cannot be 
ruled out. 
	 The two species in our study clearly used separate strata 
levels within the dry evergreen forest during the cold inactive 
season. We cautiously suggest that vertical stratification of 
these two sympatric vipers may be one factor facilitating the 
co-existence of otherwise morphologically similar species. 
However, there has been no previous comprehensive study 
of behaviour, prey selection, habitat selection, or thermal 
preference of either C. macrops or V. vogeli, which are factors 
that could influence this partitioning of space. It is clear 
that vertical niche partitioning of green pit vipers requires 
further investigation with larger sample sizes across all 
seasons. Intraspecific niche partitioning has been suggested 
previously for C. macrops (Strine et al., 2015), and similar 
studies with V. vogeli may further support both intraspecific 
niche partitioning as well as the vertical niche partitioning 

Figure 3. Summary of the percentage of fixes of C. macrops (CRMA) 
and V. vogeli (VIVO) that were below ground level (underground), 
on the ground (ground), <1 m above ground level (groundstorey), 
1-3 m above ground level (understorey), 3-10 m above ground level 
(midstorey), and >10 m above ground level (abovestorey)

Viper IDs MCP 50 % FK 99 % FK

Overlapping pairs Overlap (ha) Overlap (%) BA VI UDOI BA VI UDOI

CRMA174 VIVO003 0.111 8.3 0.00479 0.0014 0.00002 0.16501 0.05628 0.07662

CRMA186 VIVO002 0 0 0 0 0 0.00762 0.00356 8.00E-05

Table 3.  Home range overlap of C. macrops (CRMA) and V. vogeli (VIVO) with minimum convex polygon (MCP, 100 %) analysis of home range 
overlap (ha and %) and fixed kernel (FK, 50 and 99 %) overlap with Bhattacharyya’s affinity (BA), volume of intersection index (VI), and utilisation 
distribution overlap index (UDOI).  There was no overlap detected with any other combinations of individuals.

Habitat niches of female green pit vipers
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that our results suggest. Further study may yield significant 
insight into green pit vipers (particularly V. vogeli), tropical 
species interactions, and snakes in general.
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