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Spatial distribution and dispersion index

The calculation of the dispersion index Iσ fitted best when 
both study sites were subdivided into 100 m² squares. The 
spatial distributions of L. agilis and P. muralis in the Tiefen-
bachtal were significantly clumped with very high Iσ values 
(L. agilis: Iσ = 21.3, Fig. 3). The spatial overlap of the dis-
tributions of both species was significantly larger than ex-
pected with a 43.2% overlap (Fisher’s Exact Test, p = 0.017). 
Agglomerations were concentrated in certain habitat struc-
tures, such as wooden debris, stone piles and fruit trees. 
The distribution of L. agilis in Frickenhausen was more uni-
form and only significantly clumped when 100 m² squares 
were considered (Iσ = 2.07, Fisher’s Exact Test, p = 0.028). 

Niche overlap in microhabitat choice

We found no significant overlap (53.7%) in substrate utili-
zation of allotopic and syntopic sand lizards. To the con-
trary, niche overlap between syntopic populations of sand 
lizards and introduced wall lizards in the Tiefenbachtal 
(86.1%) was significantly larger than expected by chance, 
demonstrating that both species share the same micro
habitat (Table 1). Niche overlap (and therefore the prob-

ability of individual encounters) was strongest between 
males of both species (92%), whereas it was much lower 
between females (52%). Niche overlap of male sand lizards 
(69%) in the Tiefenbachtal and Frickenhausen was slightly 
larger than between females of the same species (62%). 

Thermoregulation

Dorsal temperatures and ground temperatures were meas-
ured simultaneously for each individual. The mean dor-
sal temperature of P. muralis in the Tiefenbachtal was sig-
nificantly higher (29.5°C ± 5.8°C, n = 24) than in L. agilis 
(25.6°C ± 4.2°C, n = 28). No significant differences between 
dorsal temperatures of sand lizards in the presence or ab-
sence of introduced wall lizards was found (Tiefenbachtal: 
25.6°C ± 4.2°C, n = 28; Frickenhausen 26.2°C ± 4.1°C, n = 
25, one-sided t-Test, df = 49, p = 0.240). Compared to the 
ground temperature (logger), the dorsal temperature of 
wall lizards was significantly higher by 2°C (Tiefenbachtal: 
t = -2.47, df = 23, p = 0.021), whereas dorsal temperature 
of sand lizards differed not significantly from the ground 
temperature at both study sites (Frickenhausen: paired t-
Test: t = -0.33, df = 24, p = 0.742; Tiefenbachtal: t = 1.03, 
df = 27, p = 0.312). 

Figure 3. Spatial distribution of sand lizards (red dots) and wall lizards (white dots) at the Tiefenbachtal study site. The 10 × 10 m 
grid illustrates the area used for the calculation of dispersal indices.
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Behavioural patterns

Table 2 shows the observed frequencies as percentages of 
individual activities of sand lizards and common wall liz-
ards at both sites. Wall lizards spent less time for basking 
than sand lizards and showed changes in behaviour more 
frequently. Moreover, common wall lizards were shyer and 
fled more often. Both species were rarely or never observed 
hunting or feeding in the Tiefenbachtal, whereas this was 
frequently observed in sand lizards at Frickenhausen. 

Inter- and intraspecific interactions

Only four interspecific encounters were observed during 
the study period. Furthermore two intraspecific interac-
tions of sand lizards and nine intraspecific interactions of 
wall lizards were observed. Two of the interspecific inter-
actions were “basking at a distance” (5 to 20 cm, Fig. 4). 
In one case, a male wall lizard chased away a female sand 
lizard from an open sunny slope. Shortly after this obser-
vation, the same but reciprocal behaviour occurred. In an-
other situation, a female sand lizard and a male wall lizard 
were hiding in the same rodent hole (with body contact). 
In wall lizards, antagonistic intraspecific behaviour was ob-
served more frequently than in sand lizards. 

Discussion
Niche overlap of sand lizards and wall lizards

Our results demonstrate that both lizard species have a 
clumped dispersal, with a strong overlap in the syntopic 
population (Tiefenbachtal). Most likely, this dispersal is 
the result of a limited availability of suitable basking sites 
for behavioural thermoregulation, such as wood or stones. 
Indeed, a closer look at the resource “basking site” shows 
a strong overlap in substrate utilization, which was signifi-
cantly larger than expected. This means that sand lizards 
and introduced wall lizards are very similar in their use of 
places for basking and hiding (Fig. 2). The estimated popu-
lation size of the common wall lizard (192 individuals) was 
2.8 times higher than the calculated population size of the 
sand lizard (69), however, the difference in approach for 
estimating population sizes in both species has to be tak-
en into consideration. The higher abundance of wall liz-

Table 1. Niche overlap with regard to substrate choice between L. agilis (LA) and P. muralis (PM) in the Tiefenbachtal (TI) and for 
L. agilis in Frickenhausen (FI) calculated with EcoSim 7.0. Asterisk *: significantly larger than expected, ns: not significant. 

LA ♀ (FR) PM ♂ (TI) PM ♀ (TI) LA ♂ (TI) LA ♀ (TI)

LA ♂ (FR) 0.61ns 0.7* 0.86* 0.69* 0.5 ns

LA ♀ (FR) 0.5 ns 0.59 ns 0.45 ns 0.62 ns

PM ♂ (TI) 0.82* 0.92* 0.56 ns

PM ♀ (TI) 0.77 ns 0.52 ns

LA ♂ (TI) 0.55 ns

Table 2. Behavioural patterns as percentages of sand lizards and 
wall lizards (TI = Tiefenbachtal, FR = Frickenhausen). Temporal 
significant activities are highlighted in grey.

  P. muralis L. agilis (TI) L. agilis (FR)

basking 68.84 84.47 82.61
escape 10.01 6.31 3.08
feeding 0.6 / 5.82
exploring 3.57 1.19 /
foot-shaking 5.95 / /
chasing away 0.89 0.6 /
hiding 0.79 0.36 /
is chased away 1.31 0.6 /
lambency / 0.69 /
change of location 1.19 / /
fighting 0.6 / /
hunting 1.19 3.73 8.48

ards and the species’ territoriality (Weber 1957, Schulte 
2008) contribute to a stronger clustering in the occurrence 
of the species within the syntopic population. All polygons 
of home ranges of sand lizards included numerous wall liz-
ard sightings, illustrating the strong overlap in the spatial 
distribution of both species where they live in syntopy. 

Analyses of substrate utilization and dorsal tempera-
tures revealed that P. muralis attains higher body tempera-
tures from basking more exposed on wooden or rocky sub-
strates, while L. agilis was also frequently encountered in 
the vegetation. Comparing the thermoregulatory and be-
havioural patterns of both species, wall lizards appear to 
bask for shorter periods at a time and are more effective 
than sand lizards. They reached higher dorsal tempera-
tures, constantly above the ambient temperature, whereas 
the dorsal temperatures of sand lizards corresponded ap-
proximately to the ambient temperature. We hypothesize 
that the smaller body size, mass and more flattened body 
shape of P. muralis allows the species to heat up more rap-
idly and as a consequence, to display different behaviours 
(e.g., hunting, Avery 1978) earlier and with greater flexibil-
ity than the sand lizard. Moreover, the bimodal activity cy-
cle was less pronounced in wall lizards than in sand lizards. 
Thus, wall lizards were still active around noon on warm 
and sunny days when no sand lizard was seen.
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Microhabitat selection of sand lizards  
in the presence and absence of introduced wall lizards

The question whether habitat selection and spatial dis-
tribution of sand lizards differ according to the presence 
or absence of introduced wall lizards cannot be answered 
conclusively. The overlap of substrate selection in sand and 
wall lizards in the Tiefenbachtal was significantly higher 
than expected. However, we did not detect any shift in 
microhabitat selection of sand lizards compared to the 
allotopic population in Frickenhausen. Furthermore, ther-
moregulatory and behavioural patterns of sand lizards dif-
fered not significantly between allotopic and syntopic pop-
ulations. Therefore, we could not find any evidence of a 
negative influence of common wall lizards on sand lizards. 
In the Tiefenbachtal, sand lizards showed a higher degree 
of aggregation than at Frickenhausen. This strong aggre-
gation mainly occurred where particular habitat features 
were present, such as piles of brushwood. Hence, it may be 
explained by the idiosyncrasy of the study site, particularly 
by a lack of favourable alternative microhabitats (mainly 
basking spots and hiding places in close proximity), rather 
than the presence of the wall lizard.

At the syntopic site, intraspecific interactions of wall 
lizards were more common than interspecific interactions 
with sand lizards. This may easily be explained by the dif-
ferent abundances of both species in the Tiefenbachtal 
(P. muralis: 73.1 ind./ha, L. agilis: 26.3 ind./ha each). Based 
on their higher density, wall lizards encounter and there-

fore interact more often with conspecifics, while the op-
posite might be true for L. agilis. A generally aggressive be-
haviour of wall lizards towards sand lizards was not con-
firmed, as the most common interaction was basking at a 
distance. 

Conclusions

The introduction of wall lizards into a sand lizard popu-
lation in the Tiefenbachtal and the limited availability of 
microhabitats at this site made us hypothesize that inter-
specific competition would lead to an observable niche 
shift of sand lizards. Based on behavioural observations 
on the wall lizard (Boag 1973, Edsman 1990), we also ex-
pected that aggressive interactions emanated mainly from 
the more territorial P. muralis. However, our observations 
do not confirm either of these assumptions. We are well 
aware of the limitations of our study design since it com-
pares only two sand lizard populations, one with and one 
without syntopic introduced wall lizards. Furthermore our 
study was conducted in the summer months in which the 
territoriality of both species is less pronounced and re-
sources (prey and basking spots) might be less limited than 
in spring. Nevertheless, we may at least conclude that no 
pronounced negative effect of the introduced species on 
the native species is detectable, at least not when consider-
ing the analysed niche dimensions and the time frame of 
this study (summer months). 

Figure 4. Basking at a distance of male sand and wall lizards.
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