
INTRODUCTION
Behaviours surrounding habitat selection in 
animals are of great interest in ecology (e.g. 
Eskew, Willson & Winne et al., 2009) as they 
represent the principal factors in the evolution 
of behavioural characteristics (e.g. Huey et al., 
2003). Influences over resource availability and 
predation risk (e.g. Brown, 1999) are key 
factors in survival particularly in the case of 
terrestrial, diurnal basking reptiles. An added 
dependence on basking for thermoregulation 
creates supplementary selection pressures, 
placing basking habitat selection at the centre of 
survival (see for example Stevenson, 1985; 
Blouin-Demers & Weatherhead, 2002). 

The selection of optimal basking habitat is 
therefore crucial for basking reptiles such as 
snakes. The value of a basking site is primarily 
determined by its obtainable thermal energy; 
higher quality, warmer sites offering increased 
basking efficiency (Huey, 1991a; Row & 
Blouin-Demers, 2006; Diaz, 1997). Mosaic 
basking is an alternative strategy utilised by 

some basking reptiles (Bauwens et al., 1990) 
including Vipera berus (Palmer, 2011) as a 
predator avoidance strategy. Basking in such a 
way can impact basking efficiency however, as 
lower quality/more covered basking sites 
though safer will ultimately require longer 
basking sessions (see Cooper, 1997; Row & 
Blouin-Demers, 2006), costing hunting time 
(Avery, Bedford & Newcombe, 1982).

Despite a well-documented influence over 
basking behaviour and duration, “secondary” 
factors e.g. predation pressures, resource 
availability or body size (see Dunham, Grant & 
Overall, 1989; Webb & Whiting, 2005), are less 
frequently reported. To assess such secondary 
influences, basking site selection of V. berus 
and Natrix natrix was observed and compared. 
Both of these species occupy the same habitat 
and this enabled observations of basking site 
selection that gave insight into whether each 
species will select basking sites, and exploit 
their thermal environment in similar ways.
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ABSTRACT - The contributions of habitat selection to survival are of great importance to all species but 
especially in terrestrial, diurnal basking ectotherms. Despite a well-documented influence on thermoregu-
lation efficiency, factors that influence basking, secondary to temperature are often overlooked. To assess 
the importance of secondary factor importance, basking site selection of Vipera berus and Natrix natrix 
was comparatively observed. Their sympatric distribution provided the opportunity to determine whether 
they select similar basking sites. Significant differences in basking site distance from cover were revealed; 
V. berus demonstrated preference for close-to-cover basking sites, N. natrix selected more open basking 
areas. No significant difference in surface temperature was found at the basking sites of either species’, 
nor was there significant correlation shown between temperature and basking site DFC. Similarly habitat 
structure showed no significant impact on basking site selection. Body size correlation with site selection 
was however found to be inconclusive. Investigation into predator diversity and pressure, as well as prey 
habitat use are recommended for future research as this may offer explanation for the observations that are 
currently unexplained.



MATERIALS AND METHODS
Data were collected across Hatfield Moor, 
Doncaster, South Yorkshire, UK, along two 
separate 3 km transects; woodland border 
habitat “Triangle Woods”, and pathway habitat 
“Green Mile”. Observations were made in 
August through to September 2011, between 
0800 h and 1300 h; attempts later in the day 
proving impractical due to an increased alertness 
of the animals. Similarly, preliminary 
investigations showed little basking activity 
before 0800 h, and absence of snake activity on 
days of heavy rainfall, most likely due to low 
temperatures. 

Basking site distance from cover (DFC in 
cm) was measured by running a ten metre tape 
measure at ground level, from the edge of a 
snakes coiled body, to the nearest point of 
cover. This was considered the best method of 
measuring DFC as snakes being long and thin 
animals, have no obvious centre. For the 
purpose of this investigation, cover was 
regarded as a patch of vegetation, or other 
matter, that would provide adequate obstruction 
for predator evasion.

Injury during capture was considered as too 
great a risk for gravid female snakes, and 
subsequently body size was estimated to the 
nearest five centimetres, as well as body 
temperature (Tb) and basking site ground 
temperature (Tg) being measured using an infra-
red thermometer gun (FLUKE 68 ir thermometer, 
Fluke Corporation, Washington, USA). 

Statistical Analysis
The Mann-Whitney U test was selected to 
determine significance between interspecific 
DFC median values, data sets from both species 
being found to be non-normal by a Shapiro-
Wilk normality test (see Results). Additionally 
Pearson correlation coefficients were used to 
identify trend significance between between 
body length and temperature with DFC data, 
with r2 values depicting trend direction.

RESULTS
A total of 126 snakes were observed throughout 
this investigation; 45 N. natrix, 81 V. berus.

Interspecific Distance from Cover (DFC) 
Comparison: Triangle Woods 
Triangle woods DFC data for V. berus and N. 

natrix were non-normal (Shapiro-Wilk p < 
0.001 for both species). Basking site DFC 
values differed significantly between species 
(Mann-Whitney U-test = 142.500, p = 0.011); V. 
berus median DFC = 11, range = 490 cm, N. 
natrix median DFC = 50.50 cm, range = 419 cm 
(Fig 1.).

Interspecific Distance from Cover Comparison: 
Green Mile 
Green Mile data samples were similarly non-
normal (Shapiro-Wilk, p < 0.002 for both 
species). Basking site DFC values differed 
significantly between species (Mann-Whiteny 
U-test = 313.00 p = 0.003), V. berus median 
DFC = 15.00 cm, range 67 cm, N. natrix median 
DFC = 35. 00 cm, range = 297 (Fig 2.).
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Figure 1. Differences in species median DFC values, 
full DFC range, and interquartile ranges of measure-
ments taken in Triangle Woods habitat.

Figure 2. Differences in species median DFC values, 
full DFC range, and interquartile ranges of measure-
ments taken in Green Mile habitat.



Temperature and Distance from Cover
Basking site ground temperatures (Tg), 
demonstrated no significant correlation for 
either habitat or species when plotted against 
DFC (Triangle Woods: V. berus r2 = 0.083, p = 
0.182; N. natrix r2 = 0.098, p = 0.179; Green 
Mile: V. berus r2 = 0.009, p = 0.557, N. natrix r2 

= 0.022, p = 0.472). No significant correlation 
between basking site DFC and snake body 
temperature (Tb) was found for either habitat or 
species (Triangle Wood: V. berus r2 = 0.002, p = 
0.150, N. natrix r2 = 0.002, p = 0.842; Green 
Mile: V. berus r2 = 0.024, p = 0.378 N. natrix r2 

= 0.032, p = 0.194).

Individual Body Length and DFC
Length showed a non-significant correlation 
with DFC in both species (r2 = 0.011, p = 0.512) 
in Triangle Woods habitat. Samples from Green 
Mile also showed no significant trend for N. 
natrix (r2 = 0.007, p = 0.678,) however V. berus 
demonstrated a significant trend in DFC and 
body length (r2 = 0.128, p = 0.026).

DISCUSSION
The results have revealed a significant difference 
in basking site DFC selection between these 
snakes. Although neither species was observed 
to mosaic bask, V. berus has demonstrated a 
strong preference for close-to-cover basking 
sites. N. natrix has alternatively been shown to 
exploit more open basking habitats, particularly 
in the Triangle Woods area. Absence of 
correlation between DFC and temperature (Tb 
or Tg) suggests no thermoregulatory influence 
to site DFC selection. Similarly, absence of 
competitive displacement (Reitz & Trumble 
2002) between N. natrix and V. berus described 
by Luiselli (2006) suggests this also is an 
unlikely cause for the difference in species 
basking site selections. Data collected regarding 
body length and DFC selection remains 
inconclusive, showing conflicting results 
between both sites and within species groups. 

The foraging lifestyle of N. natrix (Meister 
et al., 2010) may result in less detailed habitat 
familiarity than in the more sedentary V. berus 
(see Chelazzi & Calzolai, 1986). Predator 
impact on basking site selection has not been 
assessed here but may be involved. For instance, 
it is perhaps surprising that V. berus is the 
species seen to opt for safer basking areas, 

given that they are aposematic and venomous 
(see Wϋster et al., 2004) but increased mortalities 
from basking in more exposed locations have 
been found in other vipers, for instance V. aspis 
(e.g. Bonnet & Naulleau, 1996; Naulleau et al., 
1997; Meek, 2013). The latter perhaps suggests 
that the survivorship costs associated with 
higher DFC basking in vipers (see Carrascal et 
al., 1992; Burger, 1998; Cooper, 2003; Reading 
& Jofre, 2009) are lower for N. natrix, for 
example, they may be less easily detected by 
predators, or are outweighed by key benefits 
from basking in more exposed locations. The 
observations here have highlighted a potential 
gap in knowledge of basking site selection of V. 
berus and N. natrix, as well as the importance 
of secondary factors in basking site selection in 
terrestrial reptiles. Further research is now 
needed to more accurately identify the key 
factors involved. 
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