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Zusammenfassung

Nachhaltige SchutzmafRnahmen erfordern umfangreiche Kenntnisse Uber die Populationsdynamik
und Okologischen Anspriiche (z.B. Habitatpraferenzen) einer Art. Um bei Bedarf effektive in-situ
Schutzmallnahmen und Managementplane gestalten zu kénnen, sind Studien an wildlebenden
Populationen von Vorteil. Daher konzentriert sich unsere Studie auf die gefahrdete Spezies Testudo
hermanni hercegovinensis, welche in einem + 1,5 km? gro3en Untersuchungsgebiet in der Nahe
von Dazlina/Kroatien durchgefiihrt wurde. Das Geschlechterverhaltnis lag bei 2,06 Weibchen
pro Mannchen, was auf eine abnehmende Populationsgrofe hindeuten kénnte. Es konnten keine
signifikanten geschlechts- oder altersspezifischen Unterschiede bei der Habitatwahl festgestellt
werden. T. hermanni hercegovinensis bevorzugt Wiesenflachen mit Gebluschen oder Hecken und
Habitate, welche eine moderate Diversitat, jedoch eine hohe Heterogenitat aufweisen. Monotone
Landschaften wie Weingarten, Olivenplantagen, Felder oder die Mediterrane Macchie werden in
den meisten Fallen gemieden. Zusatzlich wurde der gesundheitliche Zustand der Tiere Uberpruft
sowie das Vorhandensein von sichtbaren Ektoparasiten oder Verletzungen, welche von Raubern
oder landwirtschaftlicher Tatigkeit verursacht wurden. Wahrend keine Ektoparasiten gefunden
wurden, zeigten 61 % der 500 markierten Individuen Verletzungen wie Bisswunden, Schnitte im
Carapayx, fehlende oder verstimmelte Extremitaten sowie beschadigte Schilder.



Abstract

Sustainable conservation measures require considerable knowledge about the population
dynamics and ecological needs, e.g. habitat preferences of a species. In order to establish effective
in-situ conservation management plans if necessary, populations of (endangered) species should
preferably be studied in their natural habitat. Therefore, our study of the threatened species Testudo
hermanni hercegovinensis was conducted near Dazlina/Croatia within a + 1.5 km? sized area
characterized by extensive farming, grazing and partly unmanaged landscapes. We observed,
that the sex ratio was strongly female biased (2.06), which might indicate a declining population.
No significant sex or age specific differences in habitat use were found and the tortoises mostly
preferred grassland with shrubs or hedges and habitats showing moderate diversity, but high
heterogeneity. Vineyards, olive groves, agricultural fields or the Mediterrenean Macchia were
usually avoided. We were also interested in the presence of ectoparasites and injuries due to
predators or farming activity. While no visible ectoparasites were found, 61 % of 500 marked
individuals showed injuries like bite marks, cuts, missing or mutilated limbs, or damaged scutes.



Introduction

Environment on earth is constantly changing. Some of these changes are predictable, such as
seasonal or annual changes, but others are unpredictable (Jacobs, 1997). Under the current
human influence, environmental changes are dramatically increasing and occur much faster (Sih
et al., 2011). Species try to either adapt to the changing environment, search for a different and
more suitable environment or might face extinction. The options may vary between individuals and
species and depend on individual- or species specific characteristics, like mobility, life span and
experience, foraging specialization, niche breadth, reproductive strategy (e.g. k- or r-selectionists),
body size or metabolism (Pierotti, 1982) (Danchin et al, 1998). Habitat choice can be even more
influential on an individual’s life and consequently on its fitness and survival chances (Stamps,
1990).

In our study we examined the population structure and social structure, habitat choice and
population dynamics of a wild reptile species. We focused on Testudo hermanni hercegovinensis,
a subspecies of the Hermann's Tortoise (Testudo hermanni) on its northernmost border of
distribution, which can be found along the coast of Bosnia and Herzegovina, Croatia and
Montenegro (Vetter, 2006).

Given that habitat choice can also be based on previous reproductive success (Switzer, 1997)
and habitat requirements do not only differ between species, but may also show intraspecific
differences (Ebenman, 1987) (Rogner, 2012), for example age or size cohorts as well as sex
specific differences, we additionally focused on possible sex and age specific differences.

In tortoises, our study species included, females typically need appropriate sites for egg deposition
(Vetter, 2006) (Celse et al., 2014) or particular food for egg production and therefore might show
a different habitat preference than males.

For many species, living in groups is advantageous in terms of reduced predator pressure on
individuals (diluting effect), higher alertness of many eyes, thermoregulation, etc. (Hoogland &
Sherman, 1976). Reptiles, especially turtles and tortoises are not necessarily known for being
very social (Sovrano et al., 2017) (Vetter, 2006). Thus, based on their solitary lifestyle (Celse et al,
2014), we expected a rather low abundance for our study area.

Due to wildlife trade between the 1950s and 1980s of about 2 million individuals (Ljubisavljevic¢
et al, 2011), 400.000 just in 1971 (Windolf, 1980), and illegal collection as well as habitat loss
and/or fragmentation (Longpierre et al., 2001) (Celse et al., 2014), the population of this species,
which naturally shows a small range, significantly decreased in the past decades (Vetter, 2006)
(Wegehaupt, 2005) (Zenboudji et al., 2016) and can be considered as endangered in many areas
(Rogner, 2012) (Windolf, 1980). T. hermanni is listed in Appendix Il of the Washington Convention
(Windolf, 1980) and the Bern Convention, Appendices Il and IV of the Fauna and Flora Habitats
Directive (Berardo et al., 2015) and is considered as near threatened (NT) and strictly protected in
Croatia (Celse et al., 2014). Increasing road traffic, heavy use of pesticides (Willemsen & Hailey,
2001), the decline of traditional, extensive farming practices (Celse et al., 2014) and predator



pressure (wild boars, dogs, weasels) also continue to represent significant threats (Guyot &
Clobert, 1996) (Schweiger, 2006) (Celse et al., 2014). Farmers still consider tortoises as food
competitors and a pest, which is reason enough for them to kill them in great numbers (Vetter,
2006) (Celse et al., 2014).

In contrast, Rugiero & Luiselli (2006) and Stojadinovi¢ et al. (2017) could demonstrate that artificial
structures or landscapes might not necessarily be an obstacle or are even preferred for populating
an area, yet fields and other manmade landscapes like vineyards showed the lowest occurrence of
T. hermanni in a study by Couturier et al. (2014). Since natural habitats without any human impact
are hard or even impossible to find in the coastal region of Croatia, our study will also include
landscapes, where extensive farming takes place with variable sized patches of unmanaged land
in between.

Since with farming also mowing and ploughing activities along in most areas, which represent a
further threat (Hailey, 2000), we were interested in the significance of injuries related to farming
activity as well as predators.

Furthermore, since it is known, that tick infestation depends on the area (Quviller et al., 2013) and
not all subspecies of T. hermanni are affected in the same intensity (Siroky et al., 2006), we were
also interested in the frequency of ectoparasites and its importance as indicators for the health
condition of an organism (Tschirren et al, 2007).

The aim of this study was to investigate important requirements of T. hermanni hercegovinensis
in order to be able to preserve and effectively protect this species in its natural habitat. For that
reason the study area was divided into subsets (50m x 50m grids, for details see methods), where
density of tortoises (dependent variable) and habitat parameters (independent parameters) were
quantified to evaluate their importance for habitat choice in T. hermanni hercegovinensis.



Material and Methods

Study species

Since Testudines show phenotypic plasticity, their morphology as well as their ecological demands
can strongly vary between populations of a species (Duro et al., 2021).

The Dalmatian Tortoise (Testudo hermanni hercegovinensis) inhabits dry or slightly humid
mediterranean areas, extensively managed landscapes (Couturier et al., 2014), groves or shrubs
(preferably blackberries) with surrounding grassland, hedges, but also rocky areas, embankments
or Macchia (Rogner, 2012) (van Dijk et al., 2004) but can also be found in urban parks, despite
being isolated from outer populations, such as documented in Rome/Italy (Rugiero & Luiselli,
2006). The chosen habitats can strongly vary between as well as within populations, indicating
this species to be quite flexible in its lifestyle and requirements (Berardo et al. 2015) (Rogner,
2012) (Zuffi & Corti, 2003). While tortoises in Sardinia and Sicily inhabit dry, sandy, quite bleak
landscapes, the populations in eastern Europe prefer more diverse and vegetated environments
(Rogner, 2012) such as landscapes with various tree species, e.g. olives or oaks (van Dijk et
al., 2004) (Celse et al., 2014) (Vetter, 2006). Dense forests, swamps and open, monotonous
landscapes are usually avoided (Celsi et al., 2014) (Couturier et al., 2014). Despite their obvious
adaptability, some requirements should be basic. Tortoises need the possibility to bask, hide,
forage and reproduce within a rather small area (Turkozan et al., 2018) (Calzolai & Chelazzi, 1991)
(Cheylan, 2001) and under mostly mild temperatures (Celse et al., 2014), preferably ranging from
about 20 to 34 °C (Vetter, 2006), despite their limits being much lower (-2 °C) or higher (44 °C)
(Rogner, 2012). This makes the mediterrenean area appropriate as a living environment but the
conditions to become more adverse the farther north they live.

In France and Spain, it is quite common that populations of T. hermanni consist of more females
than males (Vetter, 2006). In France, 1.7 females per male, in Spain 2.6 females per male were
observed. According to Celse et al. (2014) a female biased sex ratio is an indication for a decling
population, whereas healthy populations show a balanced sex ratio. In Italy, Montenegro (Wallace
& Wallace, 1985) and Romania (Cruce, 1978), the sex ratio is more or less balanced, whereas in
Greece (Hailey, 1990) and in Croatia, the sex ratio is reversed. In the northeast of Greece, 3.45
males per female were found and in Croatia, 1.33 males per female were recorded (Vetter, 2006).
Based on the literature, we therefore suspected a male biased sex ratio of T. hermanni
hercegovinensis in our study area.



Study site and habitat

In May 2014 and 2015, data on tortoise density and habitat parameters were collected in a +1.5
km? sized area near Dazlina, a small village near Tisno (Croatia) (Fig.1). Many parts of the area
are used as farmland, some parts are more natural (unmanaged).

Fig.1: Study area in Croatia. Every individual was given a number and its exact position was determined with a GPS
device. Five pathways were used for orientation.

The area is characterized by a typical Mediterranean climate with hot and dry summers. The most
active phase, the breeding season, of T. hermanni hercegovinensis starts as soon as the amount
of rain decreases in spring (Fig.2a).
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The small-scaled landscape mostly contains grassland with shrubs and hedges, agricultural
fields, macchia, olive groves and vineyards (Fig.2b). Non-organic farming takes place with often

heavy use of pesticides in some places.

Unsealed field paths can be found throughout the study area, whereas five of them were used for
orientation during our study (Fig.1). Occasionally, the grassland is grazed by small herds of sheep

and goats.

Fig.2b: Most parts of the study area were characterized by fields, grassland with shrubs, macchia and olive groves.
© Karoline Burger
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For our investigation, the study site was separated into same sized grids & 50 x 50 m (Fig.1).
Each grid was searched for the same amount of time for tortoises. Depending on the weather
conditions, data collection began at 9 am and kept going until the animals stopped being active
around 6 pm.

When a tortoise was found, the exact position was registered and noted with a GPS device.
Furthermore, sex and body size were ascertained. The sex was only possible to determine for
individuals showing a SCL of 10 cm or more. Smaller individuals (<10 cm) were considered to be
juvenile.

In general, males were smaller than females and showed a different habitus, such as broader
marginal scutes and a longer tail. Additionally, the following parameters were noted: date, time,
weight, condition and possible injuries, the habitat type in which the animal was found, activity
and position (e.g. exposure to sun) of the individual when found, as well as weather conditions
and temperature.

The body size (SCL and CCL) and weight were measured with callipers and electronic scales.
As mentioned above, every individual was checked for possible injuries (e.g. mowing vehicles,
natural enemies) and its general condition (e.g. parasites, physical fithess, damaged or missing
scutes or extremities).

The dorsal and ventral side of each tortoise was photographed, after being marked with a
continuous number. Since the possibility was given that the marked number faded over time, a
collection with dorsal and ventral pictures of all individuals was established and helped individual
identification due to visual differences in shell pattern. Together with the numbers provided on the
shell, all individuals could be identified.

To determine the exact distribution of the individuals, their habitat preferences, as well as the sex/
size-specific distribution (males, females, juveniles), GPS data were transferred to an accurate
map of the study area.

Data sampled and data processing

For the analyses the statistical package SPSS 22.0 was used to determine habitat preferences of
the recorded individuals of the population as well as the distribution of the population within the
study area. Based on the demographic study and the conditions of the individuals, conclusions
about the necessity of conservation measurements can be made.

The number of all tortoises found per grid or separately for males, females and juveniles was
used as dependent parameters respectively. The percentage of a grid covered with the six most
important habitat types was determined and used as independent variables. The six parameters
include i) Macchia, ii) trees, iii) meadow (grass), iv) gravel roads/path, v) fields and vi) shrubs.
Based on them we additionally determined habitat diversity and heterogeneity.



To determine habitat diversity we used the Shannon Wiener index based on the quantity of the
habitats per grid. To determine which habitat parameters influence individual abundance, stepwise
multiple regression analyses were used with overall (= total number of tortoises per grid), male,
female or juvenile abundance per grid as dependent variable respectively and the different habitat
parameters as independent variables.

To determine heterogeneity, we counted the number of changes in habitat type per grid from left
to right.

Stepwise multiple discriminant function analysis was used to detect which habitat parameters might
be important for T. hermanni hercegovinensis. Therefore grids with tortoises were compared with
grids without tortoises as group variables and the habitat parameters as independent variables.
The same analyses were used to determine whether there are differences in habitat requirements
between the sexes (grids with only males or females) and between adults and juveniles (grids with
only adults or juveniles) tortoises. In a further attempt also grids with both (males and females or
adults and juveniles), were run respectively.

Results

As shown in Fig.3 in May 2014 and 2015, 500 individuals were found and marked altogether.
302 tortoises in 2014 and 198 in 2015 with 64 recaptures (= individuals found more than once)
(51 individuals) in the first, and 103 recaptures (69 individuals) in the second year, whereas 52
individuals recaptured in 2015 were also marked in 2014. Of these 500 tortoises, 262 (52%) were
female, 127 (26%) male and 111 (22%) were considered juvenile, which leads to a female biased
sex ratio of 2.06 (for details see also Birger in prep).

Recaptures 2015 from previous year (52 tortoises) - 82

Recaptures 2015 _ 103
Recaptures 2014 - 64
Recaptures total _ 167

Captures 2015

%

Captures 2014

g

Captures otal

500

O

100 200 300 400 500 600

Fig.3: Altogether, 500 individuals were marked within the study area. 302 in 2014 and 198 in 2015.
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Fig.4: Different habitat types used by Testudo hermanni hercegovinensis (in %). Grassland with shrubs and branchwood
were most popular, but artificial structures were also used. (N=500)

A detailed examination suggests that grassland turned out to be most frequently used (Fig.4).
Mostly, tortoises were found in short grass near shrubs or hedges. Some individuals also used
human artefacts such as glass plates, shingles, an old sofa or plastic sheets, that were dumped
in the area.
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Our results suggested that grassland is the most important habitat type for Dalmatian tortoises,
but there is an optimal amount of grassland cover (Fig.5). The relationship is inversely U-shaped
and individual density was highest when about 50% of a grid was covered with grass, whereas
individual density clearly decreased when grass cover was above or below 50% (Fig.5).

Shrub cover was similarly important and our results revealed the same distribution pattern with
highest individual densities around 50% coverage (Fig.5). The typical Mediterranean Macchia
however, was not very popular among the tortoises, indicated by the negative relationship
between individual densities and Macchia cover/grid, although some individuals were found in
pure Macchia stands. A clear negative relationship was also found between individual density and
tree as well as field cover (Fig.5).

No clear pattern could be detected for the existence of paths/grid (Fig.5). Paths are not avoided,
but also not a necessary prerequisite for the existence of individuals (Fig.5).
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Fig.6: Proportion of different habitat types, habitat diversity and heterogeneity for occupied (grey) and unoccupied
(black) grids

In order to evaluate the importance of habitat parameters, occupied and unoccupied grids were
compared by a stepwise regression model. Four different habitat variables were entered to explain
overall density per grid. Based on a stepwise regression analysis a significant model could be
derived (R = 0.333, df = 4, 704, F = 21.771, p < 0.0001). Habitat diversity, tree density, road and
fields entered the model. The partial regression coefficient suggested a positive relationship with
habitat diversity: 0.217, p < 0.0001; road 0.129, p < 0.001, and a negative relationship with fields:
-0.117, p < 0.001 and tree density: -0.178, p < 0.001.

Using a stepwise discriminant function analysis to separate populated habitats (grids) from
unpopulated ones, based on the habitat variables determined, it was possible to derive a significant
model (Wilks Lambda = 0.845, df = 1,4, 1, 703; p < 0.0001) and 100% of the variance could be
explained. The variables field, habitat diversity, trees and paths entered the model and were

1



identified to be important, whereas field and trees were on the opposite side than habitat diversity
and paths.

Based on these results, the amount of trees, agricultural fields, gravel roads (paths) and habitat
diversity is sufficient to define and predict the distribution and abundance of the population (Fig.6)
(Table X). In this context, fields, trees (e.g. olive groves) were clearly avoided, whereas grassland,
shrubs and paths were necessary for habitat occupation in most cases (Fig.6).

Table X: Trees, fields, paths and habitat diversity statistically define habitat choice
Wilks-Lambda

exact F

statistics | df1 df2 df3 | statistics [ df1 df2 | significance
1 703,0 | 43,016 703,0 0,000

1 703,0 | 38,798 702,0 0,000
703,0 | 39,706 701,0 0,000

1 703,0 | 32,205 700,0 0,000

agricultural fields 0,942
habitat diversity 0,900
trees 0,855

gravel roads (paths) | 0,845
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Habitat diversity was not linearly related to tortoise density and was therefore not crucial to explain
density. Results however suggest that there is an optimal, but only moderate level of diversity for
Dalmatian tortoises. Thus, their preferred habitat does not need to be too diverse (Fig.7).

Our study showed that individual density increased with habitat heterogeneity (Fig.8).
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For a stepwise regression model, five different habitat variables were entered to explain female
habitat choice per grid (Fig.9). Based on a stepwise regression analyses, a significant model
could be derived (R = 0.281, df = 5, 704, F = 11.994, p < 0.0001), whereby five variables entered
the model, namely paths, grass, heterogeneity, trees and habitat diversity. The partial regression
coefficient suggested a positive relationship with road: 0.118, p < 0.002; meadow: 0.109, p < 0.004;
heterogeneity: 0.083, p < 0.028; and habitat diversity: 0.078, p < 0.04 and a negative relationship
with tree density: -0.123, p <0.001.

Based on the stepwise regression analysis, a significant model could be derived (R = 0.278, df = 5,
704, F = 14.619, p < 0.0001) to explain male habitat choice (Fig.9), whereby four variables entered
the model, namely paths, grass, shrubs and habitat diversity. Partial regression coefficients
suggest a positive relationship for all (partial r for road: 0.164, p < 0.0001; meadow: 0.115, p <
0.002; bush: 0.1, p < 0.008 ; habitat diversity: 0.089, p < 0.019).

Higher vegetation, such as olive groves, influenced males less than females during our investigation
period, since no negative relationship to this habitat type was found.

A stepwise regression analysis revealed that two variables are important to describe juvenile
density (Fig.10). Habitat diversity and tree cover are sufficient to explain juvenile density per grid.
These two variables entered a stepwise regression analysis resulted in a significant model (R =
0.23, F = 19,541 p < 0.0001, df = 2, 704). The partial regression coefficient (0.224, p < 0.0001)
suggested a positive relationship between juvenile abundance and habitat diversity, and the partial
correlation coefficient ( -0.128, p < 0.001) a negative relation with tree cover (Fig.10).

However trying to separate male and female grids did not reveal a significant model (Wilks
Lambda 0.939, p > 0.476). Thus sex specific difference did not appear to be obvious regarding
the observed habitat variables also not when including only grids with many females or many
males (p > 0.5), or including grids, where both sexes occured (p > 0.61). Finally, the same analysis
revealed no significant difference between adults and juveniles (p > 0.16).
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Fig.10: Differences in habitat use between adults and juveniles. (N=500)
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Fig.11: 61% of all marked individuals showed no signs of injuries, whereas 39% did. (N=500)

The majority (61%) of all marked individuals showed no signs of injuries, whereas 39% did (Fig.11).
An individual was considered as injured, when bite marks or cuts from mowing activities were
identified on its shell and some individuals also had mutilated or missing extremities, which could
also be due to predators. Interestingly, not a single individual was infested by visible ectoparasites.
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Discussion

Within two seasons (May 2014 and 2015) 500 individuals of the species Testudo hermanni
hercegovinensis were found and marked. 120 of the 500 individuals were recovered and released
once again or more often (up to four times) (Fig.3).

In contrary to results found in previous studies (Vetter, 2006), where more males than females were
found in Croatia, the sex ratio in our study area was female biased. Similar results as recorded in
Spain were calculated, namely 2.06 females per male, which could be an indication for a declining
population our study area, since sex ratios in healthy populations are usually balanced (Celse et
al., 2014) (Burger in prep, 2021).

Another possible reason for the female biased sex ratio could be climatic conditions in this area
(Cheylan et al. 2007) (for details see Burger in prep.). Climate change (Simac & Vitale, 2012) might
also influence sex ratios, since temperature plays a crucial role in embryonic development and
sex determination in reptiles (Eendebak, 1995) (Bull, 1980) (Lambert, 1982).

Another factor influencing the sex ratio could be the higher mobility of males, which results in
males being more exposed and therefore an easier target for predators and other risks. This
however would mean that a biased sex ratio is due to differential predation rather than an original
biased ratio due to sex determination.

Given that twice as many females than males were found, it is possible that competition is higher
between females than males (Blirger in prep.). Since females have larger home ranges (Celse et
al., 2014) (Fasola et al., 2002) and tend to be more stationary than males (Rogner, 2012) (Chelazzi
& Francisci, 1979), especially during mating season, when males are very mobile (Celse et al.,
2014), the competition might mainly occur over habitats and food resources. On the other hand,
Turkozan et al. (2018) found no significant sex or age (size) specific differences in home range
sizes and T. hermanni is considered to be a non-territorial species, therefore it is very common
that two or more females and/or males share one territory (Celse et al., 2014). Individuals were
observed sitting right next to each other, regardless of sex or age. Juveniles were often found right
next to adult females or males.

Most of the time, the tortoises were located in the grass near shrubs or hedges, but some
individuals also hidden under artificial structures such as glass plates, shingles, an old couch or
plastic sheets (Fig.4). This was not surprising, given that this species is known to be very flexible
in their habitat choice (Berardo et al. 2015) (Rogner, 2012) (Zuffi & Corti, 2003) and seems to be
able to cope with different, even euhemerobic environmental conditions (Rugiero & Luiselli, 2006).
The majority of all individuals observed preferred inhabiting well-structured habitat types (Fig.5),
such as grassland with scattered shrubs or hedges. They tended to choose habitats, where they
had the possibility to bask, hide, exploit food resources and find mating partners within a small
home range, which matches previous observations (Vetter, 2006) (Turkozan et al., 2018) (Celse
et al., 2014) (Calzolai & Chelazzi, 1991) (Cheylan 2001).
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Increasing mobility leads to increased vulnerability (Celse et al., 2014), which seems to be avoided
most of the year, except during mating season (Rogner, 2012). Bigger patches of open space such
as grassland without hiding possibilities, fields, vineyards and olive groves, where there is a high
risk of exposure to predators, were usually avoided (Fig.5) as found by Celse et al. (2014) and
Stojadinovi¢ et al. (2017) (Couturier et al., 2014).

Since the use of pesticides is common in areas used for agriculture and poses a threat to Testudo
hermanni (Willemsen & Hailey, 2001), it might also be the case that the tortoises avoided the
polluted areas, even though hiding places and/or feeding opportunities were given in some cases,
especially in vineyards.

Since tortoises are not very flexible in their movements due to their shell, they were observed
using “comfortable” and familiar ways, as found by Chelazzi & Francisci (1979), such as man made
gravel roads or pathways without any obstacles (Fig.5), whereas hedges along these pathways
were used to hide and consequently populated.

Based on our results, trees, fields, paths and habitat diversity were selected to be sufficient to
define individual distribution based on grid abundance (Table X). As found by Celse et al., 2014,
our observations showed that T. hermanni hercegovinensis avoided trees and fields (Fig.5)
(Fig.6), but preferred moderately diverse habitats (Fig.7) next to pathways, although latter were
not identified to be important for settlement (Fig.5) (Fig.6).

Since many farmers still kill tortoises, because they consider them as crop pests (Vetter, 2006)
(Celse et al., 2014), it is important at this point, to mention that any monotonous landscapes,
such as fields or meadows, are avoided by the majority of the individuals, since they strongly
prefer more diverse areas with a higher heterogeneity (Fig.6). Celse et al. (2014) even considered
heterogeneity as the most important variable in habitat choice.

Most of the time, the individuals were found in the grass with shrubs, hedges or branchwood not
far away, in case they felt the need to hide. The analysis revealed that the ideal grid has about half
of the grid covered with grassland in their habitat (Fig.5) and the other half with options to hide

(Fig.5).

The typical Mediterranean Macchia seems to be not very appropriate for this species (Fig.5). The
ground is uneven and full with obstacles like stones of various sizes and the vegetation is dense
and thorny. From the few tortoises found in the macchia, many had grazed and damaged shells.
Even very small and young individuals already had these typical ,Macchia-shells".

As already pointed out, different results of habitat diversity (Fig.7) and heterogeneity (Fig.8) were
achieved. It turned out that tortoises preferred habitats of moderate diversity, more precisely
about three habitat types within a 50m x 50m grid (Fig.7). This matched our observations well,
that grassland with shrubs, hedges or branchwood was by far the most common and popular
habitat type. Considering habitat heterogeneity, it showed that the higher it is, the better (Fig.8),
since tortoises do not like to move too far, a high heterogeneity allows them to inhabit different
habitat types within their territory. Celse et al. (2014) even considered heterogeneity as the most
important parameter in habitat choice.
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In this area, T. hermanni hercegovinensis does not seem to inhabit dense vegetation as suggested
by Rogner (2012), van Dijk et al. (2004) and Vetter (2006), but prefers a well-mixed landscape,
where all ecological needs of this species are met within a small patch of land.

There were no significant differences between males and females regarding habitat choice, but
the analysis showed that the crucial parameters to inhabit an area (grid) were for both sexes
grassland, pathways and habitat diversity. For females the absence of trees and a high habitat
heterogeneity were additional parameters identified and for males the amount of shrubs or hedges
(Fig.9). An explanation for sex specific differences could be, that females are more stationary
(Rogner, 2012) (Chelazzi & Francisci, 1979) and therefore might pay more attention to the quality
of their habitat. Males on the other hand are more mobile in search for mates and only need a
short term shelter, e.g. in shrubs, before moving on. Since males are highly mobile during the
mating season, they might also more likely risk walking through areas, where they are more
exposed (e.g. olive groves), resulting in the absence of trees not being a crucial parameter for
males. Since investigation was restricted to mating season, results may change over the year.

Macchia seemed to be avoided by juveniles even more than by adult individuals (Fig.10). This
habitat type is likely not suitable for egg deposition as the ground is covered in stones. Therefore,
it is obvious that not many, especially recently hatched individuals could be found there, since
juveniles tend to stay near their place of birth for a few years (Celse et al., 2014). Tree accumulations
on the other hand were less avoided by juveniles than by adult tortoises (Fig.10). An explanation
for that most likely is that females chose this habitat for egg deposition and the hatched juveniles
stayed in the area.

This study allowed a major insight in life history and habitat choice as well as possible threats to
the population. As shown in Fig.11, most individuals did not show any signs of injuries. Not one
individual was found with visible ectoparasites, such as ticks or mites, even though dogs in the
area were often covered with ticks. This might be an indicator for a high physical fithess of the
tortoises or for a high abundance of tick species that do not consider tortoises as hosts (Siroky et
al., 2006) (Tschirren et al, 2007).

39% of the individuals did show signs of injuries such as bite marks, most likely caused by foxes
or wild boars. Many of the animals had bite marks or cuts on their shells, but also individuals with
mutilated legs, broken marginals or missing eyes were found. Damaged marginals are often the
result of intraspecific interactions (Rogner, 2012). However, mutilated legs, bite marks or cuts are
probably caused by mowing vehicles, wild boars, dogs or other mammals (Celse et al., 2014).

In order to act against dangerously high decimation in the future caused by these factors, effective
conservation measures would have to be taken in time and long-term monitoring needs to take
place. Since wild boars are quite common due to feeding by hunters, their abundance is probably
unnaturally high in this area.

So far, our analyses imply an unexpectedly high population density based on the high number
of individuals in relation to our search effort, yet the strongly female biased sex ratio (2.06)
might indicate a declining population (Celse et al., 2014). We suggest that as long as long-term
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monitoring takes place, the extensive farming keeps maintained to ensure well-structured, diverse
habitats with a high heterogeneity and grazing by farm animals continues (Celse et al., 2014), the
population in this area can be protected effectively.

Within the next few years, we are planning to widen our research on this population with studies
about their migration behaviour, observations for a longer period of time and we are also interested
in finding out about the genetic relationship within the population, since hardly any DNA sampling
of eastern populations of T. hermanni took place so far (Roberto et. al. 2018).

A promising study, which demonstrates the importance of genetic analyses of an endangered
species was conducted by Roberto et al. (2018). The geographic origin of confiscated individuals
was identified via microsatellite markers, which enables a reintroduction of illegally owned tortoises
into their natural habitat.
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