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Habitat use, preference, and avoidance

We calculated the electivity indices for ‘blackberry brush,
‘grass, ‘low vegetation, ‘high vegetation, and ‘sand’ for eve-
ry individual inside their different home ranges (Fig. 7 for
non-ENM home ranges, Fig. 8 for ENM home ranges), as
well as the confidence intervals calculated from the simu-
lated non-ENM home ranges (Fig. 7) in order to ascertain
whether the electivity index falls within the confidence in-

terval. Most electivity indices are outside the confidence
interval - meaning that the electivity index of the chosen
habitat structure in the home range is significantly differ-
ent from that of random habitat composition, meaning it is
likely that the lizards actively choose their home ranges by
their composition. However, there are 13 instances where
the observed electivity index lies within the confidence in-
terval of the randomly generated home ranges. Thus, in
these cases, the observed electivity is not significantly dif-

Figure 5. ENM home ranges of K95 (outer borders), K50 (inner round borders) and MCP (darker, polygon borders) home ranges.
White areas are excluded from the home range either by missing data or the ENM. Habitat colourcoded as purple for ‘blackberry
brush; blue for ‘grass, light green for ‘low vegetation, dark green for ‘high vegetation, and yellow for ‘sand.
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ferent from random chance. These instances are exclusive-
ly found for ‘sand; ‘high vegetation, and ‘grass. The elec-
tivity index for ‘sand’ is within the confidence interval in
the K95 home range and the K50 home range of individu-
al IDos, in the K95 home range of specimen ID23, and in
the MCP home range of individual ID2s. The electivity in-
dex for ‘grass’ lies within the confidence interval in the K50
home range of individual IDo6 and the K95 home range of
individual ID23. The electivity index for ‘high vegetation’
is situated within the confidence interval in the K95 home
ranges of individuals ID11, ID22, ID23 and ID24 and in the
MCP home ranges of individuals IDo6, ID14, and ID24.
Opverall, our results suggest seven cases of an electivity in-
dex being within the confidence interval in the K95 home
ranges, two cases in the Kso home ranges, and four cases
in the MCP home ranges. After adjusting p-values for mul-
tiple correlation tests, no electivity indices are correlated
with each other within home ranges (Table 5).

In the Kgs5 home ranges (Fig. 7), an overall preference
for ‘blackberry brush’ can be observed, with only IDo4
avoiding blackberry bushes and ID14 and ID22 using them
according to their availability. In Kg5_ ENM home ranges
(Fig. 8), preferences for ‘blackberry brush’ increase overall
compared to K95 home ranges, except in IDos and ID14.
Electivity indices of ‘grass’ are overall close to zero with
most animals having a slight preference for grass, or us-
ing it as available, except ID23 and ID25 in their non-ENM

Table 4. Mean and standard deviation of land cover across home
range types. Home ranges with preceding species distribution
model are annotated with _ENM. For habitat types, see Fig. 9.

Calculation bb gr v tv sa
K95 mean 26.88 19.02 18.48 26.71 8091
K95_ENM mean 29.85 17.34 20.38 29.16 3.27
K95 standard deviation 11.88 548 7.21 9.29 5.36
K95_ENM standard

deviation 10.47 10.04 8.34 14.11 3.81
K50 mean 26.94 14.68 15.06 38.89 4.43
K50_ENM mean 28.62 13.73 15.25 40.15 2.24
K50 standard deviation 14.68 8.57 11.18 16.39 3.77
K50_ENM standard

deviation 14.55 11.33 11.19 19.72 2.25
MCP mean 28.87 16.99 17.74 28.66 7.74
MCP_ENM mean 31.69 16.78 18.89 31.53 2.76
MCP standard deviation 12.81 6.28 8.10 12.33 4.99
MCP_ENM standard devia-

tion 11.15 991 9.07 15.80 2091

home ranges and IDos and ID23 in their Kg5_ ENM home
ranges. Here the preference is stronger. Additionally, ID24
slightly avoids grass and IDog strongly avoids grass in its
Kgs5_ENM home range — which is a drastic difference com-
pared to its non-ENM home range. In non-ENM home
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Figure 6. Microhabitat area (bars), total microhabitat area (sum of bars), and number of retrievals (points) for every individual for
each of the three calculated home range types both without preceding ENM (left of the pairs) and with preceding ENM (right of the
pairs) Area depicted in m®. Sex is marked next to the IDs of the lizards as M for males and F for females.
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Table 5. Spearman’s correlation coeflicients for all pairings of
Jacoss’ electivity indices within the home ranges across all in-
dividuals. No pairings were significantly correlated after p-value
adjustment by FDR. Home ranges with preceding species distri-
bution model are annotated with _ENM.

Home Class Black- Grass Low High
Range berry Vegetation Vegetation
K95 Grass 0.367
Low
K95 Vegetation 0767 0483
K95 High 333 L0700 0.167
Vegetation
K95 Sand -0.300 -0.600 0.167 0.167
K95_ENM Grass 0.383
K95 ENM "% 0667 -0.250
Vegetation
High
K95_ENM . -0.650 -0.833  0.350
Vegetation
K95_ENM Sand 0.402 0.033 -0.167 -0.427
K50 Grass 0.700
Low
K50 Vegetation 0383 0483
K50 High 600 -0.883 0217
Vegetation
K50 Sand -0.183 -0.150 0.067 0.150
K50_ENM Grass 0.617
K50_ENM %% 0467 -0.167
Vegetation
High
K50_ENM . -0.800 -0.867  0.200
Vegetation
K50_ENM Sand 0.254 0.119  0.220 -0.220
MCP Grass 0.233
Low
MCP Vegetation -0.700 -0.100
MCP High 383 0733 -0.033
Vegetation
MCP Sand -0.133 0.150 -0.383 -0.083
MCP_ENM Grass 0.667
MCP_ENM =Y 0583 0217
Vegetation
High
MCP_ENM . -0.733 -0.950  0.200
Vegetation
MCP_ENM Sand 0.485 0.377 -0.084 -0.561

ranges, low vegetation’ is avoided by ID23, ID24, and ID25,
but sought out by IDo4, ID14 and ID22 - while IDos, IDo6
and ID11 seem to neither prefer nor avoid it. Meanwhile,
in their ENM home ranges, low vegetation’ is avoided by
ID23, preferred by IDos and ID14, and used as available
by the rest. ‘High vegetation’ is universally avoided, save
for IDo4, which uses it according to availability in both its
Kogs5 home ranges, as well as ID11, ID14 and ID22 which use
high vegetation according to its availability in their ENM
home ranges. ‘Sand’ is avoided by ID11, ID14, ID23, and
D25, while it is preferred by IDo4, IDo6, and ID22. IDos;

and ID24 exhibits little in terms of avoidance or preference
for ‘sand’ in its non-ENM home ranges, while this substrate
is almost universally strongly avoided in Kg5_ ENM home
ranges, except for IDo4, IDos, and ID24, which use it ac-
cording to its availability. On average, ‘blackberry brush’ is
favoured while ‘sand’ is avoided. ‘High vegetation’ is avoid-
ed in Kg5 and MCP home ranges. ‘Grass’ and ‘low vegeta-
tion’ are on average used according to availability. Electivity
indices of ‘sand’ also show the highest spread of values, and
this substrate is especially avoided in ENM home ranges
(Fig. 9). MCP indices are very similar to their Kg5 counter-
parts in both ENM and non-ENM home range types, and
show mostly similar preferences and avoidances.

In the core areas of both home range types, ‘blackber-
ry brush’ is almost universally preferred except by IDo4
and ID14, which avoid it in both their ENM (Fig. 8) and
non-ENM (Fig. 7) home ranges. ‘Grass’ is avoided by IDog4,
ID14 and ID24 in both their K50 home ranges. ID11 and
ID22 avoid ‘grass’ in their Kso_ENM home ranges, but use
it according to availability in their Kso home ranges. Addi-
tionally, ‘grass’ is used according to its availability by IDo6
in both home range types and by ID25 in its non-ENM
home range. ‘Grass’ is even sought out by IDos and ID23
in both home ranges and by ID25 in its non-ENM home
range. ‘Low vegetation’ is preferred or avoided similarly be-
tween non-ENM and ENM home ranges in the core area
with only ID14 showing a strong preference. ID11 and ID23,
on the other hand, avoid it whereas the other individuals
use ‘grass’ as per its availability. ID25 avoids ‘grass’ a little
more in its Kso home range compared to its Kso_ ENM
home range, where it is used more as per its availability.
Similarly, ‘high vegetation’ use is more or less constant be-
tween non-ENM and ENM home ranges in any individ-
uals. IDog prefers ‘high vegetation, while IDog and ID25
avoid it. The remaining individuals use ‘high vegetation’
more or less according to availability. ‘Sand’ is universally
avoided in ENM home ranges, while it is almost universal-
ly avoided in non-ENM home ranges, with IDog4, ID22 and
ID25 coming up with an index around zero. Overall, differ-
ences between ENM and non-ENM home ranges are less
drastic and less frequent in core areas. However, in core
areas, variation between individuals is higher than in Kogs
and MCP home ranges. On average, ‘blackberry brush’ is
preferred within the core area, while ‘sand’ is avoided and
the remaining categories average out to neither preference
nor avoidance (Fig. 9). In the core area, the difference in in-
dices for ‘sand’ between non-ENM and ENM home ranges
is smaller due to the already lowered index in non-ENM
home ranges.

Home range size and electivity index

The electivity index of ‘grass’ shows a strongly negative
correlation with home range size while the electivity index
for ‘sand’ is strongly positively correlated with home range
size in the K95 home range. Neither correlation is found
in the Kg5_ ENM home range (Table 6). In the non-ENM
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Table 6. Spearman’s correlation coefficients for all electivity in-
dices with the size of their home ranges. Significantly correlated
pairings are marked with *.

K95_ K50_ MCP_
Class K95 ENM K50 ENM MCP ENM
bb -0.317  -0.2 -0.367 -0.517 -0.533 -0.333
gr -0.8% -0.55 -0.733  -0.633 -0.617 -0.633
v 0.333 0.233  0.05 0.067 0.4 0.2
tv 0.483  0.217  0.833* 0.7 0.617 0.5
sa 0.783* 0.385  0.45 0 0 0.05

K50 home range, the electivity index of ‘high vegetation’ is
strongly positively correlated with home range size but not
in the ENM K50 home range (Table 6).

Discussion

In summary;, it can be observed that the tagging of the indi-
viduals and map generation by UAV have both proven suc-

cessful. Lizards could be located reliably and overall no ad-
verse consequences were observed from the attached trans-
mitters in all but one case, which was swiftly resolved. The
resulting maps were of high resolution and they accurately
depicted the environment when compared directly to the
area. Within home ranges, the preferences and avoidances
for low vegetation and blackberry brush are reliably non-
random, while for some individuals, preference or avoid-
ance for sand, grass and high vegetation is not always sig-
nificantly different from random chance. Overall, blackber-
ry bushes are strongly preferred, while sand is avoided and
high vegetation is avoided in Kg5 and MCP home ranges.
Other microhabitats average around zero preference or
avoidance across all individuals. In core areas, variability
in electivity is overall higher between individuals than in
Kog5 and MCP home ranges. Core Areas show less variation
between ENM and non-ENM home ranges. Kgs size corre-
lates negatively with the electivity index of grass and posi-
tively with the electivity of sand in non-ENM home ranges.
Core area size correlates positively with the electivity for
both high vegetation and sand. ENM home range size does
not correlate significantly with any electivity index.
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Figure 9. Boxplots showing the average (blue) and median electivity indices for ‘blackberry brush’ (bb), ‘grass’ (gr), low vegetation’
(Iv), ‘high vegetation’ (tv), and ‘sand’ (sa) for all individuals across their 95% kernel density estimation home ranges (A), their 50%
kernel density estimation home ranges (B), and their minimum convex polygon home ranges (C) with and without preceding ENM.
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Radio-telemetry

The number of tagged individuals is comparable to sim-
ilar studies (WARRICK et al. 1998, REFSNIDER et al. 2015,
WIECZOREK et al. 2020, CLEMENT & RODDER 2021). The
observed unimpeded mobility and near-complete absence
of entanglement and predation suggest that the method,
originally described by WARNER et al. (2006), can also be
used for Lacerta agilis with the modifications described
herein. Although formal testing has yet to be conducted, as
of now, suitability is based on observations. As WARNER et
al. (2006) have described, frequent observations are ben-
eficial to reducing accidental mortality, as entangled liz-
ards can become easy targets for predators and are at an
increased risk of overheating. The one instance in which
a lizard’s foot became entangled was promptly resolved,
since the lizard had been observed unentangled 30 min-
utes prior. Yet, the possibility of entanglement is certainly
there, and we strongly advise to not only check regularly
on individuals when using this method, but to also check
for entangled vegetation or body parts whenever a lizard is
located, in order to avoid any form of impairment, stress
or mortality. The method portrayed here can be improved
and adjusted to suit other setups. For example, REFSNIDER
et al. (2015) proposed to paint the transmitters with acrylic
paint to match the lizard’s dorsal coloration and thus re-
duce detectability by predators. The same method has also
been adjusted for the more cylindrical body shape of Scin-
cidae (PriCE-REES & SHINE 2011). Different materials for
the harnesses have been tried out, like Co-Flex® (Andover
Healthcare Inc.), or the rubber of bicycle tubes (vaN WIN-
KEL & J1 2014). However, VAN WINKEL & J1 (2014) observed
abrasions and skin lesions after a few weeks when using
rubber harnesses on geckos, hence discouraging their use
in transmitter attachment. Co-Flex" did not have the same
adverse effects according to this study.

Mapping of the area and Maxent analysis

The generated maps shown in Figures 2 and 3 are all ac-
curate representations of the study area when compared to
reality on site. There are some small merging problems, oc-
curring mainly on the edges of the map, outside of the ac-
tual study area. It is therefore important to include wide
margins all around during the recording phase. Record-
ing of images via UAV proved to be a successful way of
capturing detailed maps of small areas. UAVs can hence
be a powerful tool to adapt large-scale, satellite-based eco-
logical procedures to smaller scales and finer resolutions.
Satellite-based maps often fail the intended purpose due
to insufficient resolution or varying temporal resolution
(HABEL et al. 2016). The ability to generate maps of exactly
the required area at exactly the required time will be a ma-
jor contributor towards more accurate ecological assess-
ments. It also facilitates novel methods in the assessment
of space use, like using ecological niche models to assess
home ranges (SILLERO et al. 2020). This method is limited

by the size of monitorable area. However, additional bat-
tery packs, an on-site charging station, or more advanced
UAVs can drastically increase the size the of coverable area,
should the means for purchasing these be available. In con-
clusion, UAV-assisted habitat recording is a fast and effi-
cient way to obtain high-resolution habitat maps. It can be
limited by flight time, which is dependent on the budget.
Although first-time costs can be comparatively high, once
acquired, UAV-assisted habitat recording becomes a very
time- and cost-effective method when used regularly.

Maps were tested for correlation to reduce data size and
eliminate redundant data. This resulted in the channels of
the RGB map, the Sequoia red, and the Sequoia red edge
maps being discarded as it led to the highest variety of non-
redundant maps. The AUC values for all classes of the Max-
ent analysis indicate good model performance (WALDEN-
SCHREINER et al. 2017, XU et al. 2019). The map resulting
from the Maxent analysis (Fig. 4) has a resolution of 1 pix-
el corresponding to a 3.6 x 3.6 cm area. This level of de-
tail is quite impossible to achieve by satellite images at pre-
sent (PURNAMASAYANGSUKASIH et al. 2016, L1vU et al. 2020).
The distribution of habitat structures shows that high veg-
etation covers roughly three times the area that blackberry
brush, grass and low vegetation do. Sand covers even less
ground. Aside from the fact that, from above, taller struc-
tures obscure lower structures beneath, the large amount of
high vegetation is also explained by the growth surround-
ing the study area. We estimate that all chosen habitat class-
es cover enough land to be viewed as relevant to L. agilis.
The high amount of missing data has several reasons. First,
the water of the pond area has not been classified due to its
being irrelevant for the non-aquatic L. agilis. Second, mis-
takes in stitching the images together at the edges of the
map create areas of ‘no data’ within the high vegetation out-
side the study area. Third, it is possible that uniquely col-
oured patches of vegetation have not been recognised by
the model. Inspection of the categorical map (Fig. 4) shows
that those spots are mostly restricted to the high vegeta-
tion surrounding the area. Most relevant is the observation
that the transition zone from high vegetation to sand in the
northern parts of the study area and at the beach came out
poorly mapped. This flaw is probably due to the model not
recognising shaded sand as such. It could be improved by
adjusting the time of UAV overpasses to when that area
is not shaded, or by including more shaded areas into the
training points for sand in the Maxent analysis. We there-
fore strongly advise a conscious effort to include shaded ar-
eas in training points.

Home ranges

The observed home ranges are larger than most home
ranges of sand lizards reported in the literature. Lacerta
agilis home ranges have been calculated all over Europe.
Even when looking only at a small subset of studies, results
vary greatly and range from as small as 13.6 m* (HEYM et al.
2013) to more than 1000 m?* (NICHOLSON & SPELLERBERG
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1989). In all cases, average home range size was larger for
males, although significance was not always confirmed.
We did not find any significant differences between males
and females in our study. The lack of difference is, in our
opinion, at least partially due to our small sample size of
four males versus five females. It remains that the average
home ranges in our study are much larger than in other
recordings. This is partially mitigated by adding an eco-
logical niche model to our home range calculation, and
cutting out unused habitat from the home ranges. ENM
home ranges are closer to traditional estimates and more
accurately portray the habitat actually used (SILLERO et al.
2020). Furthermore, TURNER et al. (1969) tested the rela-
tionship between lizard weight and home range size across
many lizard species and came to the conclusion that A =
171.4W°% (A = home range area in m®> and W = lizard
body weight in g) is the best-fitting equation for a rough
home range size estimation in lizards. Assuming a weight
of 10 g for L. agilis, we come to a predicted home range
size of 1527.604 m*. Most K95 home range sizes are around
that prediction, while MCP home ranges fall short of it,
and are therefore closer to older predictions. It is note-
worthy that with a K95 home range size < 3000 m?, IDo4
and IDo6 have home ranges twice as large as TURNER at
al. (1969) predict. In general, we assume the calculated
home ranges to be plausible, but we acknowledge the dif-
ferences between our recordings and past publications.
Many older calculations applied the MCP method or an
offshoot of this method, which, as is evidenced here as
well, result in smaller home range estimates even with the
same data sets (see also, e.g., HANSTEEN et al. 1997, BARG
etal. 2005, BORGER et al. 2006). Additionally, habitat qual-
ity/abundance of key resources can have an inverse effect
on home range size, as lower densities of food and other
necessities like oviposition sites, shelters or basking are-
as potentially require lizards to move larger distances to
satisfy their needs (RoSE 1982). Finally, the number of re-
cords has shown to be a strong influence on estimations
(NICHOLSON & SPELLERBERG 1989) although no such con-
nection has been found in this case — possibly due to the
small sample size. Disturbances by humans, such as the
ones observed in our study area, could also lead to larg-
er home ranges, as lizards would need access to resourc-
es even whilst evading human passers-by. Moreover, the
intensity of human traffic could also affect microhabitat
structure. It is possible that disturbances during retrievals
would lead individuals to move across greater distances in
order to evade the scientists. The effect of increased activ-
ity after handling and observation has been demonstrated
in the lizard Tiliqua rugosa (KERR et al. 2004). However, in
this study, the risk was deemed unavoidable and if this had
an effect, some lizards were clearly more affected than oth-
ers. In future studies, stationary telemetry receivers (e.g.,
GOTTWALD et al. 2019) could be installed, using triangu-
lation to locate tagged lizards within the area without the
need for interference as long as the method of attachment
was proven safe enough to not risk entanglement and a
need for regular check-ups.
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Average land cover and low standard deviations for
‘sand’ show a fairly constant portion of 2-8% sand within
home ranges. This is in accordance with previous studies
showing the necessity for a certain amount of open sub-
strate in a L. agilis home range (WOUTERS et al. 2012). This
makes sense, since open substrate — and especially sand -
can be beneficial to thermoregulation due to its higher heat
capacity. Generally, populations of L. agilis across Europe
need a certain amount of open space despite their require-
ments for brush (NEMEs et al. 2006, WOUTERS et al. 2012,
HELTAI et al. 2015, M1zsEI et al. 2020). This might also be
the case here, since the low standard deviation in land cover
and the high variability in electivity indices for ‘sand’ sug-
gests that lizards want to have a certain portion of their
home range (here 2-8% on average) to be open sand and
avoid or prefer sand accordingly. However, it is worth not-
ing that within ENM home ranges, ‘sand’ is reduced to com-
prise only 2-4% of the home ranges. This shows that niche
models cut out a lot of the sand present in home ranges as
unused habitat, marking ‘sand’ as a habitat structure to be
mostly avoided, as is supported by the low electivity indi-
ces discussed below. Meanwhile, other classes experience
higher amounts of proportional variability within home
ranges. Previous studies have shown high intraspecific var-
iability in grass and bush cover between sexes and ontoge-
netic stages (GROZDANOV et al. 2014). The higher individ-
ual variability found in this study could hint towards these
findings, but cannot be verified due to sample constraints.

Significance of Jacoss’ electivity index

In most cases, Jacobs” Electivity Indices of habitat classes
within lizard home ranges are significantly different from
Electivity Indices of randomly generated home ranges.
Since Jacobs’ electivity index calculates the use of resources
relative to their availability (JacoBs 1974), this means the
individual in question elects to use its surroundings differ-
ently from the average of 1000 simulated individuals that
have similar mobility but no regard for habitat structure.
Therefore, it can be assumed that in most cases, lizard habi-
tat use is non-random. This is to be expected since habitat
composition within the home range is specific to the ani-
mal’s needs (BURT 1943). On the other hand, in cases where
the observed electivity index lies within the confidence in-
tervals of the randomly generated indices, random use of a
microhabitat cannot be ruled out. In cases of smaller home
ranges, like with IDos, ID14, ID23 and IDz2s, or fewer re-
trievals like ID25, the method of generating random home
ranges could lead to home ranges closer to the observed
ones, as less options of recombination are available.

Structural preferences and avoidances
On average, ‘blackberry brush’ is preferred while ‘sand’ is

often avoided as evidenced by their average electivity in-
dices. ‘Grass’ and ‘low vegetation’ usually average around
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an electivity index of zero while ‘high vegetation’ shows an
average slightly below zero in K95 and MCP home ranges.
However, the spread of values signifies major individual
differences in most cases and is especially widely spread in
core areas. On the other hand, differences between ENM
and non-ENM home ranges are overall smaller and less
frequent in core areas than in K95 and MCP home ranges.

Preference for ‘blackberry brush’ is unsurprising, as
L. agilis is known to respond positively to the presence of
low, shrubby vegetation (AMAT et al. 2003, EDGAR & BIRD
2006, NEMES et al. 2006, HELTATI et al. 2015, MIZSEI et al.
2020). Since ‘blackberry brush’ is clearly favoured in al-
most all home ranges, while preference for other low veg-
etation fluctuates, we can assume that L. agilis actively seeks
out the properties of blackberry bushes over other vegeta-
tion if the costs of doing so are not too high. Mizskr et al.
(2020) cited vegetation openness as one desirable factor for
L. agilis. Blackberry bushes in the area were generally more
open than most other bushes, letting through more sunlight
while also being spiky enough to discourage predators and
humans from entering. These factors may place ‘blackberry
brush’ higher on the shrub preference scale than the aver-
age low vegetation found in the area. An extensive analy-
sis of preferred bush species, to draw out favoured struc-
tural properties as was conducted by Mizsk1 et al. (2020),
might provide the necessary insights to further sub-classify
the class of ‘low vegetation’ based on structural properties
The overall wider spreads of electivity indices across most
structures in core areas suggest that core areas differ more
strongly on an individual basis. Core areas do not contain
as much unused habitat either, as shows in the lack of large
differences between non-ENM and ENM core areas. Habi-
tat structure could be a secondary criterion in determining
core areas for the lizard, overshadowed by other, unstudied
factors. One idea would be that a core area could be defined
by the presence of foraging, thermoregulation and hiding
spots in close proximity to each other, which can occur in
a multitude of ways. The overall preference for either ‘high
vegetation’ (IDog), low vegetation’ (ID14), or ‘blackberry
brush’ (all other individuals) as structures often associated
with favoured burrows (GROZDANOV et al. 2014), seems to
favour that hypothesis. Similarly, the more frequent avoid-
ance of ‘grass’ and open ‘sand’ compared to Kg5 and MCP
home ranges in the core area also favours the hypothesis,
as these structures do not conceal burrows well and expose
their entrances. To prove this hypothesis, a closer examina-
tion of core areas, including shelter placements, would be
needed. While ‘sand’ is almost universally avoided, ENM
home ranges show an even stronger avoidance of ‘sand’ As
discussed previously, lizards seem to seek out a certain small
percentage of ‘sand’ within their habitats (NEMES et al. 2006,
WOUTERS et al. 2012, HELTATI et al. 2015, M1ZSEI et al. 2020).
However, the thermoregulatory benefits of sand can already
be exploited in small patches, while large open areas are
more dangerous, exposing the animal to predators. It is like-
ly that electivity indices are low because there are far more
sandy patches available than are needed. It is worth keeping
in mind that the niche model cut out habitat based on lizard

locations and lizards may be less likely to be found on open
sand when disturbed regularly, as in this study setup.

‘High vegetation’ is usually avoided or used according
to availability with one exception (IDog4). This finding is
in accordance with the results of most previous studies
(HOUSE & SPELLERBERG 1983, NEMES et al. 2006, MIZSEI et
al. 2020). Due to their small size and non-arboreal lifestyle
(EDGAR & BIRD 2006), vegetation that spreads out higher
above the ground, like trees, is very different for L. agilis
than bushes that spread closer to ground level. The former
does not offer a lot of protection to L. agilis but casts large
shadows. This leads to the lizard being exposed to ground
predators while also often having to cover larger distances
between potential basking spots and appropriate shelters.
Since ‘high vegetation’ is not excluded from ENM home
ranges in the manner ‘sand’ is, it is possible that ‘high veg-
etation’ is used as cover to an extent, despite being overall
avoided if there are better alternatives. While some indi-
viduals do show preference or avoidance for ‘grass, there is
no clear trend visible. Usage of ‘grass’ could just be based
on its structure and whether it can serve as cover or for
basking.

Home range size and electivity index

Correlations in non-ENM home ranges suggest that with
larger K95 home ranges, electivity for ‘grass’ decreases,
while electivity for ‘sand’ increases. Within core areas, elec-
tivity of ‘high vegetation’ is higher in larger core areas. As
discussed previously, large home ranges can be a sign of
lower structural quality within the home range, as individ-
uals would need to travel greater distances to find all nec-
essary resources (ROSE 1982). This could potentially lead
to areas that are rarely used and mostly just traversed, or
circumvented, within the home range. While large quanti-
ties of open microhabitat are undesired due to higher ex-
posure to predators and longer distances between resourc-
es (HOUSE & SPELLERBERG 1983), ‘sand’ could be more fa-
vourable to lizards than ‘grass’ in cases where these areas
are unavoidable. On the one hand, ‘sand’ could be more
favourable to frequent travelling as it may offer less resist-
ance than ‘grass’ does and thus, can be traversed much
quicker. Larger-scale studies on dispersal movements in
Natterjack Toads (Epidalea calamita) have shown that sand
is physically easier to traverse than grassy terrain for the
toads (STEVENS et al. 2004). To our knowledge, there have
not been any similar studies for lizards, nor for L. agilis
in particular, but we assume that vertical structures in a
habitat may physically hinder to some extent most species
of similar size in traversing it. On the other hand, unlike
grass, sand brings about unique advantages for thermoreg-
ulation, digging, and oviposition due to its high heat ca-
pacity and looseness (ROSE 1982). Given that high vegeta-
tion also generally proves unsuitable, the same reasoning
can be applied to the larger amount of high vegetation in
core areas. As habitat quality decreases, the core area needs
to be larger to encompass all necessities leading to a larger
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amount of less suitable habitat lying between core necessi-
ties. We see our argumentation supported by the fact that
these relationships are not mirrored in ENM home ranges.
We theorize that the niche model has excluded a good part
of these habitats due to lack of usage.

Conclusion

Radio-telemetry and unmanned aerial vehicle-assisted
habitat recording have both proven to be successful in ac-
quiring high-resolution habitat and home range informa-
tion on L. agilis. Tagging of Lacerta agilis with radio trans-
mitters was successful, as these remained attached and al-
lowed the reliable retrieval of individuals. However, these
methods still required frequent revisits, as the risk of en-
tanglement was not fully eliminated. UAV recordings of
multiple colour channels resulted in maps that distinguish
between selected habitat structures. The greatest benefit
has proven to be the control of spatial and temporal res-
olution while the main limitation of the method is flight
time. Improvements can be made by avoiding shaded ar-
eas as much as possible while recording and incorporating
shaded areas in the training points to help the model to
recognise them.

Overall, L. agilis in this population tend to actively in-
corporate blackberry brush in their home ranges while on
average avoid high vegetation and sand; grass and low veg-
etation differ from individual to individual but average out
around no preference. Most preferences show high indi-
vidual variation, which is most likely based on unexplored
characteristics. Overall, we hypothesise that high veg-
etation and sand are largely unsuitable and incorporated
mainly as travel routes between resources with two excep-
tions: one being that some grassy and sandy patches are
needed for basking, but never anywhere near in the quan-
tities present in our study area, and the second exception
being that high vegetation does not seem to be avoided in
core areas. Overall, preferences in core areas show higher
individual variance then in K95 or MCP home ranges, sug-
gesting that habitat composition might play a secondary
role when determining core activity areas.

Overall, our study reveals interesting preferences and
connections between habitats occupied by L. agilis. One
has to be careful not to overinterpret the results, though,
and keep in mind that some results may stem from habitat
arrangement within the area and other, unstudied factors.
Proportions and preferences of individuals can however be
of great help to conservation planning and measures and
serve as guides on how to detect, manage or create habitats
suitable for L. agilis.
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