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The ecology of the smooth snake (Coronella austriaca) in 
a West European heathland: a radio-telemetric study. 

Loïc van Doorn 

 

Abstract 

The smooth snake is a secretive species requiring conservation under European law. To 

improve our knowledge on the movement and habitat ecology of the species, a radio 

telemetric study was carried out to study a population in a Belgian heathland. During one 

activity season (March-October 2016) 22 individuals were tracked. Differences in the 

movement and visibility patterns were tested. Temperature, humidity, cloud cover, wind 

speed, sex and location had a significant effect. Furthermore habitat preference using 

height and vegetation maps was analysed. The individuals showed strong site fidelity, with 

low dispersal and an effect of roads on home range size and shape. Males moved more 

during the summer months and had larger home ranges, making them harder to find 

compared to the frequently visible basking females. The tracked snakes stayed within the 

heathland habitats the entire season with no clear habitat differentiation between summer 

and winter areas. The results of this quantitative approach contribute to a better 

understanding of the ecology of the smooth snake and will be included in the management 

plans for this population.  

Introduction 

The smooth snake (Laurenti 1768) is 
notoriously difficult to study (Strijbosch 
1981). The species has a secluded lifestyle 
(Gent and Spellerberg 1993); it rarely basks 
in the open (Strijbosch 1987, Edgar et al. 
2010) and is therefore hard to detect. Studies 
have shown a limited dispersal (Spellerberg 
and Phelps 1977) and no differentiation 
between habitats used during the activity 
season in the United Kingdom (Phelps 
1978). However, seasonal migrations do 
occur in at least some populations in Europe 
(De Bont 1983, Strijbosch and Van Gelder 
1993, Käsewieter and Völkl 2001). Data on 
movement patterns and habitat use are 
important to understand the basic ecology of 
a species, and a prerequisite for any 
conservation and management plans - 

especially for populations surviving in 
fragmented habitats (Gent and Spellerberg 
1993). 

As the smooth snake is protected under 
Annex IV of the habitats directive by the 
European legislation (European Commission 
1992), member states must implement 
conservation measures (ANB 2016). 
However, quantitative data is scarce and 
specific studies and monitoring efforts are 
needed to increase our knowledge of this 
widespread species (Engelmann 1993, 
Speybroeck et al. 2016). 

In Flanders, Belgium, the smooth snake has 
a patchy distribution corresponding with 
relict heathland areas, a preferred habitat in 
the Northern part of its distribution 
(Creemers and Van Delft 2009, Van Delft 
and Keijsers 2009, Van Hecke and Bonte 
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2013, ANB 2016). The largest population in 
Flanders is found in the national park De 
Zoom-Kalmthoutse Heide (6000 hectares). 
Long term monitoring using Capture Mark 
Recapture (CMR) methods has revealed a 
population size of at least 1000 individuals 
(Van Hecke and Bonte 2013).  

Even though the intensive monitoring in this 
national park has revealed interesting 
population characteristics and distribution 
patterns, some important questions for 
effective management remain unanswered. 
CMR monitoring resulted in a skewed view 
due to differences in recapture probabilities 
between the sexes. Adult females constituted 
61% of all snakes (n=1120) found, while 
adult males only accounted for 6%. 
Furthermore the movements and home range 
of the smooth snakes throughout the activity 
season are poorly understood, especially 
regarding winter and summer habitats (Van 
Hecke and Bonte 2013). Therefore a radio 
telemetric study was carried out in 2016 
focusing on six main questions: (1) How far 
do smooth snakes migrate and (2) what is 
the home range size? (3) Which habitats are 
used? What is the influence of (4) climatic 
factors, (5) a road and (6) sex on the 
movement and visibility patterns of the 
smooth snake? 

Results 

General: During the study period 22 snakes 
were tracked for a total of 727 days. 
Tracking days ranged from 1 to 104 days per 
individual (fig. 1A). The first tracking day 
was 26/03/2016; the last 11/10/2016 
(Supplementary fig. 2 shows the number of 
snakes tracked per month). The data of 7 
individuals tracked less than 20 days were 
omitted from further analyses. Of the 15 
analysed individuals, 7 were situated at the 

edge of a forest next to an asphalt road, the 
‘road individuals’, while 8 were in the large 
heathland area on the other side of the road, 
the ‘field individuals’ (Supplementary fig. 1 
depicts the study area and the main areas in 
which snakes were tracked). Interestingly, 
while neonates were observed traversing the 
road, tagged adults never did. This result is 
in stark contrast with the sympatric adult 
Vipera berus who cross the road during their 
spring and autumn migrations. 

Home range: The average home range size 
of the animals differed (F(1,12)=6.27, 
p=0.028) between males (n=6) and females 
(n=10), whereby males used a larger home 
range on average ± SE: 5310 ± 2662m², 
while females used smaller home ranges: 
869 ± 275m².  The ANOVA model applied 
included sex and roadside location. The 
roadside location was not significant 
(F(1,12)=2.8, p=0.12), however the model 
was borderline non-significant for the 
interaction between sex and roadside 
location (F(1,12)=4.7, p=0.051) (fig. 1B), 
indicating that the road has an effect on male 
(n=3) home range size (1232 ± 735m²) but 
not on female (n=4) home range size (916 ± 
263m²).  

The road does however have a significant 
effect on the shape (surface 
area/circumference) of the home range 
(F(1,12)=7.8, p=0.016) when comparing the 
field individuals (n=9) (8.9 ± 3m) and the 
road individuals (n=7) (2.2 ± 0.83m), this is 
due to the elongated home ranges the road 
individuals inhabit as a consequence of not 
crossing the road, leaving the small area 
between the road and the edge of the forest 
as suitable habitat (Graph showing the home 
range shape differences in Supplementary 
fig. 5). 
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Movement: Smooth snakes in general did 
not move often or far (fig. 1D). In 66% of 
the 603 tracking days analysed there was no 
recorded movement. Furthermore only a 
small number of individuals moved more 
than 10 meters in one day (13%). However, 
this small proportion of ‘far movements’ 
occurred in a typical pattern, where 
individuals stick around a location for a 
longer period before moving to a new 
location within one day, subsequently 
staying around the new area. These patterns 
are visible in supplementary fig. 3 and 4.  

No differences in farthest distances moved 
per day were found between sexes (females: 
73.18 ± 25.9m, males: 63 ± 44.7m) 

(t(13)=0.29, p=0.78) nor between road and 
field individuals (road: 98.7 ± 31.5m, field: 
43.2 ± 31.5m) (t(13)=1.78, p=0.098). The 
earlier result indicating elongated home 
ranges of the individuals next to the road is 
confirmed in increased movement (37% of 
the days, n=374) of the road individuals 
compared to individuals in the field (28% of 
the days, n=229) (χ²(1)=4.9, p=0.027). To 
maintain an elongated home range the 
individuals have to move more often than 
their conspecifics in the field. 

Movement patterns are influenced by the 
environment and sex. An increase in mean 
daily temperature raises the chance of 
movement of an individual (fig.1E). Daily 

Figure 1: A: Total tracking days of the 22 individuals. The 7 snakes with less than 20 tracking days were not included in 
subsequent analyses. B: Home range size compared between individuals tracked next to the road and in the field. Note the 
large difference in male home range size. C: There is a clear difference in visibility between sexes throughout the year, with 
males less visible than females at all times. Male sighting probability lowers during summer, while females are sighted more 
frequently as summer progresses. D: Total counts of the daily movement rates of the snakes. Smooth snakes do not move often 
or over large distances. E: Higher mean daily temperatures positively influence the counts of movement of the tracked 
individuals. F: Mean daily temperature is a driver in basking behaviour, with sightings increasing with an increase in 
temperature, before dropping again when temperatures reach a value where visible thermoregulation is no longer a necessity. 
Error bars in figure B and C depict standard errors of the mean. 
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temperatures of 20-25 degrees Celsius 
showed more movement (47% of the days 
moved, n=60) compared to daily 
temperatures of 5-10 degrees Celsius (27% 
of the days moved, n=105) (χ²(1)=6.8, 
p=0.009). High wind speeds (more than 
5m/s, n=33) have a negative effect on the 
movement (18% of the days moved) 
compared to low wind speeds of 3-5 m/s 
(36% of the days moved, n=305) (χ²(1)=5.6, 
p=0.018) (Supplementary fig. 6 shows the 
effect of wind speed). Low humidity (40 to 
60%, n=22) results in more movement (59% 
of the days) compared to both 60 to 80% 
humidity (33% of the days moved, n=378) 
and 80-100% humidity (33% of the days 
moved, n=203) (χ²(2)=6.6, p=0.038). No 
significant effect of low cloud cover (n=139, 
35% of the days moved) or high cloud cover 
(n=464, 33% of the days moved) was found 
(χ²(1)=0.16, p=0.69). There was however a 
clear interaction between sex and season 
(Supplementary fig. 7), with males moving 
more during summer (n=88, 47% of the days 
moved) compared to females in summer 
(n=272, 32% of the days moved) (χ²(1)=6.2, 
p=0.013) and males in spring (n=165, 32% 
of the days moved) (χ²(1)=5.6, p=0.018).  

When comparing the average distances 
moved the mixed ANOVA model did not 
show any differences between the factors 
tested above, except for humidity, with 
farther average distances (12.8 ± 4.14 
m/day) moved with a low humidity (40-
60%, n=22) compared to both 60-80% 
(n=378, 4.9 ± 0.97m/day) and 80-100% 
(n=203, 4.8 ± 0.94m/day) (F(2,584)=3.36, 
p=0.036).  

Visibility: There is a clear difference in 
visibility between the sexes throughout the 
year (fig. 1C) with females more likely to be 
seen during spring (n=76, 50% of the days 

visible) and summer (n=302, 64% of the 
days visible) compared to males during 
spring (n=164, 27% of the days visible) and 
summer (n=88, 35% of the days visible) 
(spring: χ²(1)=11.7, p=0.00063, summer: 
χ²(1)=22.4, p<0.0001). The road has an 
effect on the visibility as well, with the 
individuals of both sexes more visible next 
to the road (n=378, 54% of the days visible) 
compared to the individuals in the field 
(n=252, 40% of the days visible) 
(χ²(1)=12.1, p=0.0005).  

Wind speeds of more than 5m/s (n=33, 19% 
of the days visible) result in a lower chance 
of basking compared to wind speeds of 3-
5m/s (n=314, 52% of the days visible) and 
wind speeds of less than 3m/s (n=280, 49% 
of the days visible) (χ²(2)=13.4, p=0.001, 
supplementary fig. 8). High cloud cover 
results in a higher visibility (n=483, 54% of 
the days visible) compared to low cloud 
cover (n=147, 31% of the days visible) 
(χ²(1)=23, p<0.0001). A higher humidity of 
60-80% (n=403, 47% of the days visible) 
and 80-100% (n=205, 54% of the days 
visible) results in a higher visibility 
compared to a humidity of 40-60% (n=22, 
23% of the days visible) (χ²(2)=8.8, 
p=0.012) (Supplementary fig. 9). The mean 
daily temperature has a clear effect (fig. 1F) 
(χ²(3)=57, p<0.0001) with an initial low 
visibility percentage (21%, n=107) at 
temperatures of 5-10°C, rising to 43% and 
61% for temperatures of 10-15°C (n=115) 
and 15-20°C (n=335) respectively. At more 
elevated temperatures between 20 and 25°C 
the visibility drops back to 41% (n=69). 

Habitat: Habitat use was analysed by 
comparing random points to locations of the 
individuals. Four snakes occurred within 
area 1 (Supplementary fig. 10), this area is 
characterized by having approximately 28% 
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moor grass (Molinia caerulea), 35% heather 
(Calluna vulgaris) and 37% bell heather 
(Erica tetralix) ground cover (n=100), while 
snakes were present for 96% of the 
observations in the heather areas (n=127) 
(χ²(2)=98, p<0.0001). Areas 2 
(Supplementary fig. 11) (1 snake tracked, 
n=61) and 3 (2 snakes tracked, n=57) show 
the same characteristics with a preference 
for heather (area 2: χ²(3)=13.4, p<0.004 and 
area 3 (Supplementary fig. 12): χ²(1)=15, 
p<0.0001). However this preference for 
heather does not define the occurrence of the 
smooth snake, as area 4 (1 snake tracked, 
n=26) constituted for 100% of moor grass. 
Furthermore, the road individuals lived at 
the edge of a forest during the entire 
tracking period. Supplementary fig. 13 
depicts a map including all locations of 
tracked snakes and vegetation of the study 
area. 

The elevation (meters above sea level) was a 
driver in the habitat selection of the tracked 
individuals within all areas (Supplementary 
fig. 14). When comparing random points 
(n=100) generated within the areas to the 
actual positions of the snakes, the 
individuals chose habitats on higher 
grounds. In area 1 (4 snakes tracked) the 
average height was 22.5 ± 0.05m, while the 
snakes were found on heights of 23.3 
±0.06m (n=126, t(224)=10.3, p<0.0001). 
The same trend holds true for area 2 (area: 
22.1 ± 0.11m, snakes: 22.9 ± 0.14m, n=61, 
t(159)=4, p<0.0001), area 3 (area: 22.3 ± 
0.09m, snakes: 22.8 ± 0.11m, n=58, 
t(156)=2.9, p=0.0044) and area 4 (area: 23.6 
± 0.08m, snakes: 24.0 ± 0.22m, n=26, 
t(124)=2, p=0.047. The road individuals 
(area 5) preferred higher locations as well 
(area: 22.2 ± 0.07m, snakes: 22.9 ± 0.04m, 
n=395, t(493)=7.6, p<0.0001). 

Discussion 

Differences between sexes: As both males 
and females were successfully tracked, this 
allowed for comparative analyses to assess 
any differences in ecology. Previous years of 
monitoring showed that males were 
underrepresented in the data (Van Hecke 
and Bonte 2013). The current research has 
shown that males are less visible during any 
period of the year (fig. 1C) while using 
larger home ranges. Furthermore male 
snakes move more during the summer 
months (Supplementary fig.7). This result is 
consistent with the literature (Strijbosch and 
Van Gelder 1993), can explain why 5 male 
snakes lost their tags within a couple of days 
during summer (fig. 1A) and the bias in 
female sightings. Males are however present 
in the same habitats as the females 
throughout the season, though less visible 
for the researchers monitoring the 
population. The average male home range 
size of 5310 ± 2662m² found here is smaller 
than the male home range sizes in the 
literature: 17100 m² (Larsson 1994), 9422 
m² (Käsewieter 2002), 23000 m² (Strijbosch 
and Van Gelder 1993), 18500 m² (Reading 
2012) and 23000 m² (Goddard 1981). These 
discrepancies are possibly due to differences 
in methods as most of these studies use 
recapture data, while in the current study the 
home range was only calculated for shorter 
tagging periods.  

Migration and movement patterns: Being 
ectothermic animals, environmental factors 
such as temperature, wind speed and 
humidity have a large impact on snakes and 
their movement patterns. Fig. 1E clearly 
illustrates this, with an increase in 
movement with a rising temperature. Lower 
humidity and lower wind speeds have a 
positive effect on the frequency of smooth 
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snake movement as well. During the 
monitoring of this population (Van Hecke 
and Bonte 2013) seasonal migrations 
between summer and winter habitats were 
found. During the current research only the 
spring migration was clearly found as 
individuals were tagged right after 
hibernation but no individuals were analysed 
during the autumn migration as weather was 
unsuitable (very hot and dry) to find smooth 
snakes in the field. After a period of several 
days to weeks the snakes started to migrate 
away from the hibernacula. Total migration 
distances were usually within a couple of 
100 meters, reinforcing the general idea that 
smooth snakes are not very mobile and 
prefer to stay in small areas (Gent and 
Spellerberg 1993, Van Delft and Keijsers 
2009). Furthermore the results of snakes 
staying in one area for a certain time before 
migrating suddenly to a new area have been 
recorded before (Gent and Spellerberg 
1993). After the spring migration males kept 
on moving around, a pattern described in the 
literature (Strijbosch and Van Gelder 1993), 
while the pregnant females settled down, 
sometimes basking together. Multiple 
pregnant females have been found together 
before (Van Delft and Keijsers 2009, Van 
Hecke and Bonte 2013). This basking 
behaviour continues for multiple weeks prior 
to shedding and subsequently giving birth, a 
pattern described in the literature (De Bont 
1983). Interestingly one of the tagged 
pregnant females shed at her basking spot 
and was found the next day 225 meters away 
from that spot. These kinds of migrations of 
pregnant females are uncommon but have 
been recorded before (Gent and Spellerberg 
1993). Regrettably no snakes were tagged 
after the birth of the young as they could not 
be found. This is probably due to the 
females moving much more and basking less 

while trying to feed before hibernation. Most 
smooth snakes are thought to hibernate 
solitarily (Appleby 1971). However, towards 
the end of the season two sub adult smooth 
snakes were found together in the same 
rodent hole, indicating the possibility for 
hibernation with multiple snakes together. 
Even multiple species hibernating together is 
a possibility (Van Delft and Keijsers 2009). 
A degree of fidelity in hibernacula used is 
furthermore expected as a female tracked in 
2016 was found in the same hibernation 
location in 2017.  

Habitat: Areas used during spring and 
summer did not differ as a result of small 
home ranges and habitat preference. This is 
in contrast to the sympatric species Vipera 

berus. Adders clearly use different seasonal 
habitats, with summer habitats lying outside 
of the typical wet heathland habitats (Claus 
et al. 2016). The opposite is true for smooth 
snakes, which prefer the drier and higher 
areas within the heathland, usually 
characterized by Calluna vulgaris cover. 
This result is also found in other studies and 
is a typical preferred habitat by smooth 
snakes (ANB 2016). One snake was tracked 
in Molinia caerulea, a common plant species 
in heathland and a frequently used habitat by 
smooth snakes (Van Delft and Keijsers 
2009). The smooth snakes in the national 
park seem strictly associated with the 
several drier habitats within the heathland 
and the surrounding forest edges.  

Visibility: These results are important to 
maximize monitoring effectiveness, as 
smooth snakes have the reputation of being 
hard to find in their habitat (Edgar et al. 
2010) and thermoregulation is often not 
visible (Van Delft and Keijsers 2009). 
Cloudy days with a high humidity and a 
mean daily temperature of around 15-20°C 
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seem to be the best conditions to find these 
snakes. This is also reported in the literature 
(Van Delft and Keijsers 2009, Van Hecke 
and Bonte 2013). 

Effect of roads: Roads have a multitude of 
effects on individuals and populations of 
different species. Especially movement 
patterns and genetics are impacted (Clark et 

al. 2010). In garter snakes roads act as 
barriers to dispersal, with individuals only 
crossing it in rare cases. Males are 
furthermore less able to follow the scent of 
females across roads (Warner and Shine 
2008). Roadsides can be important in the 
migration routes of snakes, using the 
linearity to quickly move through a habitat 
(Keijsers and Lenders 2005). When roads 
are not crossed or road mortality is high, 
genetic separation of populations results in 
genetic clustering and increased chances of 
local extinction in timber rattlesnakes 
(Brown 2016). This has been shown in grass 
snakes as well (Meister et al. 2010). The 
asphalt road that runs through the study area 
has an effect on the smooth snakes 
inhabiting the area next to the road at the 
edge of the forest. This road is used by cars, 
agricultural vehicles, cyclists and 
pedestrians. It is approximately 3.5 meters 
wide. None of the tagged smooth snakes 
crossed the road during the entirety of the 
tracking season. This is very different from 
the adders in the area, crossing the road and 
using both sides as part of their home range. 
Consequently this does result in road 
mortality for adders in this location 
(Christoffel Bonte, personal communication, 
2016). Furthermore the smooth snake home 
ranges are very long but only a couple of 
meters wide, resulting in increased 
movement along straight lines. Smooth 
snakes have been found to follow linear 
structures for several kilometres (Völkl and 

Käsewieter 2003). As vegetation differed 
from the surrounding heathland, snakes were 
more visible along the road, frequently 
basking in the shorter mowed grass a couple 
of centimetres away from the asphalt. 
Neonates were found on the road on several 
occasions. This results in neonates 
constituting the greater part of recorded 
mortalities on the road (Van Hecke and 
Bonte 2013, ANB 2016). Consequently 
neonates are possibly important in the 
colonisation of new areas as sub adult 
smooth snakes tend not to disperse over 
large distances (van Rijsewijk 2013).  

Management: Recently large areas of pine 
forest have been cut down to allow for the 
growth of heathland vegetation in the 
national park. These forests were located on 
the higher sand dunes and will over time 
create suitable habitat for smooth snakes and 
other species. It will be paramount to keep 
these new areas in a low level of succession, 
while at the same time not overgrazing the 
ground cover, creating monotonous 
vegetation (Stumpel and van der Werft 
2012). Bad management and overgrazing of 
heathland areas can be much more 
detrimental to the herpetofauna inhabiting it 
than allowing natural processes to take place 
on a local scale (Lenders 2011, 2015) 
Gradients and variation in structures allow 
the smooth snakes to use the environment 
for their requirements in an effective way 
(Edgar et al. 2010). As such, leaving piles of 
wood, small bushes, trees and zones of 
denser vegetation is important for the 
smooth snake (Van Delft and Keijsers 
2009). As smooth snakes spend all their time 
in the heathland habitats, large-scale projects 
outside of their heathland habitats will likely 
have a low impact on the population. 
However, any interventions within the 
heathland will have an effect and should be 
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executed in close collaboration with the 
scientists. Part of the heather restoration 
project was carried out next to the road 
where the individuals were clearly affected 
by the road and the forest. These individuals 
can now adapt and if suitable use the new 
habitat in their home range. Note that the 
habitat next to the road does not necessarily 
impact the individuals negatively. Forest is 
important as it provides cover for strong 
winds, food and protected hibernacula. The 
road itself however has a marked effect on 
the smooth snakes and other species 
inhabiting the area in the form of road kills 
and as a dispersal barrier. Some nights up to 
374 animals (mammals and amphibians) 
could be found killed on the road. Any 
mitigation would be beneficial, but in the 
end one could ask whether a road with this 
consequence has a place within a national 
park aiming at preserving rare and protected 
species (Van Hecke and Bonte 2013). 

Further research: A lot of quantitative data 
has been gathered during one tracking 
season. Focus should shift towards the 
autumn migration to understand movement 
after the females have given birth and the 
location of hibernacula in order to 
understand and protect these critical areas. 

Materials and methods 

Study area: Within the national park de 
Zoom-Kalmthoutse Heide the study area 
was restricted to the Belgian side of the park 
(Supplementary fig. 1) 

General method: Searching for non-tagged 
snakes was performed by walking slowly in 
the field visually locating snakes and by 
checking artificial covers placed in the area. 
When a snake was found and deemed 
suitable for tracking, it was collected and 
processed. Afterwards the individual was 

carefully released at the same location. From 
that day onward the snake was tracked every 
day until the tag was lost either by shedding 
or in case the tag was removed.  

Tagging and tracking: Snakes were tagged 
using Biotrack Picopix AG 392 tags. These 
tags emit radio signals at a predefined 
frequency. The weight is 1.5g (less than 5% 
of the body weight) and the battery life is 
around 120 days. The range is dependent on 
both environment and equipment, but is 
generally around 50-100 meters. Tags were 
attached with chirurgical tape (3M 
Tegaderm® Roll Transparant Film) on the 
lateral side, a couple of centimetres anterior 
of the cloaca with the antenna pointing to 
the caudal side (supplementary fig. 15). 
Only adult snakes weighing more than 30 
grams were tagged in order to minimize 
impact on the individual. Every day the 
snakes were tracked in the field by the 
principal researchers or one of the 
volunteers. The Biotrack SIKA Radio 
Tracking Receiver was set at the required 
frequency of each individual. Together with 
the Biotrack Flexible YAGI antenna the 
snake could subsequently be located. Once 
the exact location was found, a paper 
datasheet was completed (Supplementary 
table 1), with information regarding position 
(Garmin® GPS), time, weather, visibility, 
habitat and behaviour of the snake.  

Additional data: In order to relate the data 
collected in the field to standardized weather 
data, freely available data was obtained from 
the weather station in Woensdrecht, the 
Netherlands, 5.5 kilometres away from the 
study area. Furthermore a detailed 
vegetation map (Biologische Waarderings-
kaart) (Vriens et al. 2011) and an elevation 
map (AGIV 2010) were used in further 
analyses. 
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Data treatment: Snakes tracked for less 
than 20 days were omitted from the data to 
avoid bias. GPS coordinates were 
transformed to the Belgian Lambert 2008 
Coordinate system to allow for distance 
calculation using triangulation. A 
conservative approach was used by 
subtracting six meters of the distance moved 
over 1 day (2 locations) to correct for GPS 
error (3m). Visibility of the snake to the 
researcher was treated as 01 data. Weather 
data was subdivided in factors to allow for a 
factorial analysis (Supplementary table 2). 
ArcMap (ESRI 2011) was used to draw 
polygons using the feature class tool around 
the locations of the individuals to determine 
home range size. Minimum convex 
polygons were used, as kernels are thought 
to be less precise (Reading 2012). Home 
range shape was determined by dividing the 
surface area (in m²) by the circumference in 
meter.  

Analysis: All statistical analyses were 
performed in RStudio (RStudioTeam 2015). 
An alpha level of 0.05 was used throughout 
all analyses as the limit of significance. 
Mixed ANOVA models with individuals as 
a random factor were tested for distances 
moved after normality and variance tests 
were performed. Chi-squared tests were 
used to analyse the count data. T. tests were 
used to compare the average elevation 
occupied by the snakes compared to the 
surrounding areas. To correct for multiple 
testing the Holm-Bonferroni method was 
applied. Errors bars and in text error 
measures indicate standard error of the 
means. Maps were visualized and adapted in 
ArcMap (ESRI 2011). Within ArcMap the 
Spatial Analyst Tool was used to create 
random points for comparison with snake 
locations and to extract data: elevation 
(meters above sea level) and habitat 
(vegetation) from underlying raster values to 

point values. Snakes were allocated to areas 
where they were tagged, resulting in 5 
distinct areas (Supplementary fig. 1). The 
locations occupied within these areas were 
compared with 100 random points generated 
in ArcMap.  
 
Permits: ANB permit for studying smooth 
snakes in the national park with reference 
number ANB/BL/FF-v16-00054 and a BIPT 
permit for the radio tracking equipment and 
usage of this equipment with reference 
number 001701011.  
 
Ethical statement: Impact on the 
individuals was kept to a minimum. If the 
study at any point was determined to be 
detrimental to the survival of the snake the 
tag was removed and the snake released. 
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Supplementary information 

 

The ecology of the smooth snake (Coronella austriaca) in 
a West European heathland: a radio-telemetric study 

 

Contains: 

1. Supplementary fig. 1  Study area with indication of the 5 main areas 

2. Supplementary fig. 2  Snakes tracked per month 

3. Supplementary fig. 3  Distance per day first 8 snakes 

4. Supplementary fig. 4  Distance per day last 7 snakes 

5. Supplementary fig. 5   Home range shape 

6. Supplementary fig. 6  Wind speed effect on movement 

7. Supplementary fig. 7  Movement patterns interaction sex and season 

8. Supplementary fig. 8  Wind speed effect on visibility 

9. Supplementary fig. 9  Humidity effect on visibility 

10. Supplementary fig. 10 Habitat preference area 1 

11. Supplementary fig. 11 Habitat preference area 2 

12. Supplementary fig. 12 Habitat preference area 3 

13. Supplementary fig. 13 Vegetation map with snake locations 

14. Supplementary fig. 14 Elevation map with snake locations 

15. Supplementary fig. 15 Picture showing tag placement 

 

16. Supplementary table 1 Datasheet 

17. Supplementary table 2 Weather data factors 
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Supplementary fig. 2: Number of snakes tracked per month. Note that this graph does not 
differentiate between snakes tracked only within one month or snakes tracked over multiple 
months. 

Supplementary fig. 1: Study area within the Belgian side of the national park. On the map the 5 main areas where snakes were tracked are 
indicated, with dark green indicating forested areas and light brown indicating heathland habitats. The road is indicated as the black line, with the 
individuals living next to the road in area 5. 
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Supplementary fig. 3: Daily distances moved for the first 8 tracked snakes. The dotted lines represent the 6 meter error of the GPS. Snake 5 is 
an exception as this female was tagged during two separate periods (dashed lines). The yellow colour indicates dispersal after she shed and lost 
the tag, but was found again the next day.  
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Supplementary fig. 4: Daily distances moved for the last 7 tracked snakes. The dotted lines represent the 6 meter error of the GPS. 
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Supplementary fig. 5: Home range shape. Note the differences between males in the field and next to the road.  

Supplementary fig. 6: Wind speed effect on the movement 
patterns of smooth snakes.  

Supplementary fig. 7: Differences in movement patterns between sexes and 
seasons, note the higher movement of males during summer. Black lines indicate 
medians, blue dots averages. Box edges represent the second and third quartile, 
bars the maximum and minimum values. 

 



Page | 17  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary fig. 8: Wind speed effect on the visibility 
of smooth snakes. 

Supplementary fig. 9: Humidity effect on the visibility of 
smooth snakes. 

 

Supplementary fig. 10: Habitat available in area 1 by random points 
compared to habitat where individuals were located. 

Supplementary fig. 11: Habitat available in area 2 by random points 
compared to habitat where individuals were located. 

Supplementary fig. 12: Habitat available in area 3 by random 
points compared to habitat where individuals were located. 
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Supplementary fig. 13: Locations and corresponding habitats using the Biologische Waarderings-kaart. Colours in circles indicate the 
snake ID, while the colour of the habitat is found in the legend. Habitats that start with ‘A*’ indicate water bodies. ‘CE*’ indicates bell 
heather vegetation. ‘CG*’ indicates heather vegetation. ‘CM*’ indicates moor grass vegetation. ‘KU’ indicates scrub vegetation on 
previous farmland. ‘H*’ indicates grass vegetation. The green colour on the map and in the legend indicates different types of forests. 
Snake 11 is not plotted on the map but was tracked in a ‘CM*’ patch. Note the linearity in the tracking of the individuals at the edge of 
the forest, a consequence of not crossing the road. 

Supplementary fig. 14: Locations of the snakes tracked in the field plotted on an elevation map, showing the preference for higher 
elevations of smooth snakes. Legend shows the 8 field individuals tracked, colour scale indicates the height above sea level. Higher 
elevations are red, while lower elevations are blue. Snake 11 is not plotted on the map. 
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Supplementary fig. 15: Tag placement on female 5. Note the anterior position to the cloaca, tag on the side of the body with the 
antenna pointing back. 

Supplementary table 1: Datasheet completed every day.  
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Factor Subdivision Weather data Unit Conversion 

Wind >5 Continuous Mean daily wind speed in m/s More than 5m/s 

Wind 3 - 5 Continuous Mean daily wind speed in m/s 3 to 5m/s 

Wind <3 Continuous Mean daily wind speed in m/s Less than 3m/s 

Temp <5 Continuous Mean daily Temperature in °C Less than 5°C 

Temp 5 - 10 Continuous Mean daily Temperature in °C 5 to 10°C 

Temp 10 - 15 Continuous Mean daily Temperature in °C 10 to 15°C 

Temp 15 - 20 Continuous Mean daily Temperature in °C 15 to 20°C 

Temp 20 - 25 Continuous Mean daily Temperature in °C 20 to 25°C 

Cloud Low Octants Mean daily cloud cover in octants 0-4 

Cloud High Octants Mean daily cloud cover in octants 0-8 

Humid 40 - 60 Continuous Mean daily humidity in % Humidity of 40-60% 

Humid 60 - 80 Continuous Mean daily humidity in % Humidity of 60-80% 

Humid 80 - 100 Continuous Mean daily humidity in % Humidity of 80-100% 

Supplementary table 2: Conversion of the weather station data into factors used in the analyses 


