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Abstract—According to the International Union for Conservation of Nature (IUCN), more than half of all chelonian
species are seriously threatened. Habitat loss and illegal trade contribute substantially to this trend. Rare and
vulnerable taxa often enjoy formal protection while taxa with large populations are usually neglected, despite
worrying trends. The two subspecies of the Hermann’s Tortoise (Testudo hermanni) present a good example of
this contrast: the western subspecies (7. h. hermanni) is rare, while the eastern conspecific (7. h. boettgeri) is still
relatively common in appropriate habitats. The IUCN lists the entire species as Near Threatened. In practice,
the western subspecies is treated as endangered, while the assessment of the conservation status of the eastern
counterpart is still lacking. Using field data collected from five populations of 7. h. boettgeri in three Balkan
countries, we aim at filling this gap. Population Viability Analyses (PVAs) suggest that even large and dense
populations inhabiting favorable environments could face extinction by over-harvesting in a matter of years.
Natural causes (e.g., higher female mortality) or stochastic events (e.g., wildfires) could be detrimental to peculiar
isolated populations. The uncertain viability of the studied populations casts considerable doubt over the apparent
stability of 7. h. boettgeri. For this subspecies to avoid the fate of its western cousin, we propose the upgrade of its
IUCN category to Vulnerable throughout its distribution range.

Key Words.—anthropogenic pressure; conservation status; Eastern Hermann’s Tortoise; Population Viability Analyses
(PVAs)

INTRODUCTION

More than one half of all modern chelonians are
officially listed as Threatened by the International
Union for Conservation of Nature (IUCN), which
lists 148 of 356 species as Critically Endangered,
Endangered or Vulnerable; seven species have recently
gone extinct (Stanford et al. 2018). One major culprit,
alongside habitat deterioration and loss, is illegal
tortoise collection for trade or consumption (Auliya et
al. 2016; Luiselli et al. 2016; Stanford et al. 2018). High
chelonian sensitivity to human-induced stress (including
trade) can be traced to their exceptional longevity and
the associated life-history characteristics (Reznick et al.
2002). Chelonian population viability is particularly
sensitive to the survival of the long-lasting adult stage
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(Hailey 1990; Hailey and Willemsen 2003; Couturier et
al. 2014), especially in terrestrial tortoises (Hailey 1990;
Miller et al. 2001; Bertolero et al. 2011). Even short-
term disasters, or moderate persistent perturbations
in annual fecundity and adult survival can lead to an
imperceptible, yet irreversible tipping point towards
extinction (Jonsson and Ebenman 2001; Shoemaker
et al. 2013; Badiane et al. 2017). Therefore, the
assessment of population extinction risk under various
circumstances across chelonian distribution ranges
underlies any reliable forecast of the consequences from
possible long-term perturbations (viz. collection for the
pet trade).

According to the [IUCN Red List (assessed in 2004)
the Hermann’s Tortoise (Testudo hermanni) is Near
Threatened. Because its populations are in significant
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Ficure 1. Study sites for the eastern subspecies of the Hermann’s
Tortoise (Testudo hermanni boettgeri): 1 - Trstenik, 2 - P¢inja
River valley, 3 - Danilovgrad, 4 - Konjsko village, and 5 - Golem
Grad Island, Country abbreviations are: RS - Serbia, HR - Croatia,
RO - Romania, BG - Bulgaria, MK - Macedonia, GR - Greece,
AL - Albania, ME - Montenegro, and BA - Bosnia & Herzegovina.

decline, it has been acknowledged that the species is
close to qualifying for Vulnerable (van Dijk et al. 2004).
During the past decade, the necessity to upgrade the
conservation status of the Testudo hermanni and its
two subspecies has been suggested at several occasions
(Rozylowicz and Dobre 2010; Bertolero et al. 2011;
Pordevi¢ and Ljubisavljevi¢ 2015). The two subspecies
differ markedly in their threat level and conservation
status. The nominotypic (western) subspecies (7. h.
hermanni) is a taxon of high conservation and education
interest (Lepeigneul et al. 2014) and recognized as
a flagship species with a high public profile (Livoreil
2009). It is regarded as one the most threatened reptiles
in Western Europe (van Dijk et al. 2014; Zenboudji et
al. 2016; Badiane et al. 2017) and therefore classified
as Endangered in Spain, France, and Italy (Luiselli et
al. 2014; Vilardell-Bartino et al. 2015), as well as at the
international level (European Reptile and Amphibian
Specialist Group 1996). In contrast, the eastern

subspecies (T h. boettgeri) does not benefit from a strict
conservation status according to international criteria,
whereas the IUCN states that field assessments of
conservation status are highly desirable (van Dijk et al.
2004; Bertolero et al. 2011; Ljubisavljevi¢ et al. 2011,
2014).

Population viability simulations are a relatively
rigorous tool used in species conservation offering
insight into population dynamics with cascading effects
on policy making. Nevertheless, they require data that
are often hard to obtain (Akcakaya and Sjogren-Gulve
2000; Brook et al. 2000) making long-lived species with
elusive life stages and high inter-population variability
in life-history traits a particular challenge for researchers
and conservationists (Willemsen and Hailey 1999; Pike
et al. 2008). Although mathematical simulations based
on limited information are merely approximations
and extrapolations of the available data, and their
repeatability is often questionable, they are necessary
in assessments of population dynamics and useful in
deciding on management strategies (Morrison et al.
2016). Their accuracy and reliability strongly depend
on the quality of input data, i.e., precision in population
parameter estimation and conservation rely heavily on
intense field effort and a systematic approach (Morrison
et al. 2016). In this study, we aimed to: (1) present
basic demographic data for five populations of the 7. 4.
boettgeri from the central Balkans (Serbia, Montenegro,
and Macedonia); (2) apply Population Viability Analyses
(PVA) on our field data and published data to evaluate
viability probabilities of populations under various
natural or human-imposed stresses, and (3) provide
overview of the legal protection and conservation status
of'the subspecies in all countries of the Balkan Peninsula
and re-asses its global conservation status according to
TUCN criteria.

MATERIALS AND METHODS

Study sites and field procedure—Between 2008 and
2013, we conducted Capture-Mark-Recapture (CMR)
surveys on five populations of 7. &. boettgeri in Serbia
(two populations), Montenegro (one population) and
Macedonia (two populations; Fig. 1). Study sites differ
in surveyed area, degree of urbanization, site protection
status and identified (observed and/or reported) threats
(Table 1). We searched for tortoises during the daytime
by walking transects through the sites, with unbalanced
search effort (51-1,330 person-days). We assessed
the sizes of surveyed areas with Google maps (www.
daftlogic.com/projects-google-maps-area-calculator-
toolL.htm).  The insular population (Golem Grad)
is naturally restricted to 20 ha, whereas the one in
Danilovgrad is artificially cut off and restricted to 4.3 ha.
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The remaining three sampled populations occupy parts
of large areas of suitable habitats, without obstacles to
tortoise movements.

We permanently marked all captured individuals by
notching their marginal scutes, following the standard
procedure (Stubbs et al. 1984). We determined sex using
tail length (Willemsen and Hailey 2003) and recorded
straight carapace length (SCL) to 1 mm and body mass
(BM) to 1 g (Djordjevi¢ et al. 2011). We assigned
individuals to three age classes: adults (SCL> 13 cm for
males and SCL > 15 cm for females), juveniles (SCL <
10 cm), and sub-adults (intermediate SCL; Willemsen
and Hailey 1999). We also assessed their approximate
ages by counting growth rings on carapacial scutes
(Bertolero et al. 2005). Males and females were
considered sexually mature at nine and 11 y of age,
respectively (Hailey 1990). Using the number of growth
annuli for chelonian age determination is reliable for
juvenile and sub-adult animals; rings narrow with age
and in mature individuals, rings eventually become
hardly distinguishable (Wilson et al. 2003; Bertolero et
al. 2005; Arsovski et al. 2018). Testudo hermanni can
live upwards of 50 y, therefore we thought it reasonable
to classify individuals with very worn shells as > 25
y. On Golem Grad island, we determined age of all
individuals when possible, the oldest being 17 y, and the
numbers of individuals for which we could determine
age reduced dramatically after the age of 12 y (Table
1 in Arsovski et al. 2018). Our data did not allow for
robust population size and density estimations; hence
we only calculated the densities of marked individuals
in their respective sites.

Population Viability Analyses (PVAs).—We used
the VORTEX software (version 10.1., Lacy and Pollak
2014) previously used on chelonian data including
Testudo hermanni (Miller et al. 2001; Hailey and
Willemsen 2003). Instead of testing a wide spectrum
of scenarios to account for many possible demographic
and conservation scenarios, we used actual field data,
and where appropriate, we implemented realistic, site-
specific threats. We compiled demographic traits used
in all VORTEX simulations from our field data and
from literature (Table 2; Hailey and Loumbourdis 1988;
Hailey 1990; Willemsen and Hailey 2003; Bertolero
et al. 2011; Couturier et al. 2014). First, we modeled
scenarios under baseline conditions without threats to
assess the future of the observed populations if nothing
dramatic occurs. Then we modeled several additional
scenarios taking respective observed threats (Table 1)
into account. As initial population sizes, we used the
exact numbers of marked individuals in each sampled
population. To assess carrying capacities, which can
be defined as the maximum number of individuals that

the environment can sustain over time in the absence
of unnatural disturbances (Lacy et al. 2014), we scaled
carrying capacities (K) against the most thoroughly
sampled (1,330 person-days) and densest population
(1,733 individuals) on Golem Grad Island (20 ha),
where both catchability and survival rates are very high
(Bonnet et al. 2016). We set all standard deviations of
K at 10% of K (Willemsen and Hailey 2003; Lacy et al.
2014).

Because we could not determine accurately the age
of all individuals (especially older specimens), we used
both accurate (e.g., young individuals marked soon after
hatching) and broad age classes to assign individuals to
main age categories, allowing us to apply the Specified
Age Distribution (SpAD). Circumventing this step
leads to the automatic and unrealistic assignment
generated by the alternative Stable Age Distribution
option (StAD; e.g., assuming up to 80% of immature
individuals). For each population, simulations were set
at 100 and 1,000 y. The former was chosen according to
the ranking criteria of the [IUCN for listing endangered
species (IUCN 2014). Nevertheless, 100 y are likely
insufficient to assess population viability in a species
where individual longevity can exceed 50 y and
generation time is about 20 y (Hailey 1990; Shoemaker
et al. 2013; Reed and McCoy 2014). Therefore, to
follow the recommendations of Hailey and Willemsen
(2003) and Reed and McCoy (2014) on running PVAs
for Greek populations of 7. h. boettgeri and other
chelonians, respectively, we also performed 1,000-y
simulations.

For selected populations, we simulated realistic but
possibly underestimated disturbances and catastrophes.
For Trstenik we introduced a harvest of 200 adult
individuals (150 females and 50 males) every 3 y; this is
the current officially allowed quota for tortoise collection
from the wild (Official Gazette of the Republic of Serbia
2010). In Danilovgrad we simulated wildfires at 50%,
which is one every other year that we estimate is a
severe underestimation (see Vujovi¢ et al. 2015). For
the insular population we checked the inbreeding option
(default values) at first run and increased adult female
mortality to subadult mortality level (as in Willemsen
and Hailey 2003) for a second run. We repeated all
scenarios with disturbances 100 times (iterations).
Simulations were not run as population-based models.
We left the correlation of Environmental Variation (EV)
between reproduction and survival at the default value.

National and global conservation status—To get
an insight into the conservation status of 7. h. boettgeri
across its distribution range in the Balkans, we reviewed
available literature of articles published in various
journals, national legal acts, national Red Lists or Red
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FiGure 2. Outcomes of PVA simulations for the P¢inja River valley population of the Hermann’s Tortoise (Testudo hermanni boettgeri)
under baseline circumstances after 100 y (left) and after 1,000 y (right).

Books, and the official website of the IUCN (Table 3).
For some countries we were not able to find appropriate
publications, so we contacted local experts.

RESuLTS

Basic demographic information.—Populations of T.
h. boettgeri differed substantially in basic demographic
parameters and differences in sampling efforts could
not fully account for this disparity (Table 1). Adult
sex ratios (males/females) among populations ranged
between 0.5 and 13.0. Proportions of juveniles and sub-
adults varied from 11.0 to 29.3. Because field effort
was highly uneven and recapture rates low (except on
Golem Grad), we could not make proper population
density assessments. Therefore, we only calculated the
densities of marked individuals in their respective sites.
These also varied greatly: from 12.6 to 78.8 individuals
per hectare. We recorded maximum values on Golem
Grad island where the area was intensively patrolled and
thoroughly searched.

Population Viability Analyses—First we present
baseline PVA simulation results for the two supposedly
unaffected tortoise populations in the P¢inja River valley
and Konjsko village. In P¢inja the population remained
stable after 100 y, at approximately one third of the
hypothesized carrying capacity, but started to decrease
after 200 y (Fig. 2). Nevertheless, the projected final
population size did not drop below 400 individuals.
Extinction probabilities between the two simulated
periods (100 and 1,000 y) differ considerably: 0.04 and
0.56, respectively (Table 4). In Konjsko, the population
also remained relatively stable during the first 100 y but
started declining afterwards (Fig. 3). Again, population
size remained at approximately 400 individuals and
extinction probabilities differed considerably between
simulated time periods (0.01 for 100 y and 0.49 for
1,000 y; Table 4).

For the three populations in Trstenik, Danilovgrad,
and Golem Grad Island facing intense threats, we first
provide baseline circumstance results of VORTEX
simulations followed by those including disturbances
and catastrophic events. In the baseline Trstenik
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FiGure 3. Outcomes of PVA simulations for the Konjsko village population of the Hermann’s Tortoise (7estudo hermanni boettgeri) under

baseline circumstances after 100 y (left) and after 1,000 y (right).
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TaBLE 1. Basic characteristics of the five study sites in Serbia, Montenegro, and Macedonia including the approximate surveyed area
(ha), degree of urbanization, site protection status, identified (observed and/or reported) threats, crude survey effort, numbers of processed
animals (captures and total re-captures), numbers of adult males and females and adult sex ratios, percentages of juveniles and sub-adults,

and densities of marked individuals in the surveyed areas.

Study site Trstenik Danilovgrad Golem Grad Island P¢inja Konjsko village
(surroundings) (surroundings) River valley
Approximate 25 43 20 25 15
surveyed surface (ha)
Urbanization Villages and Surrounded by Uninhabited, Weekend houses, Uninhabited
weekend houses, motorway, arable tourists gardens village, tourists
arable land land and settlement
Site protection status None: sub-urban None: sub-urban Strictly protected Landscape of National Park
area area part of the National Outstanding
Park Features

Threats Illegal collection,
agriculture, vehicle

collisions

Wildfires, vehicle
collisions,
urbanization

Search effort (person- 17 d, 24 people 48 d, 1-5 people

days) (51); 2009, 2011 (144); 20102012
and 2012

Total / recaptured 316/49 200/ 153

numbers of marked

individuals

No. of adult males 78/ 161; 104 /74,

/ females; adult sex 0.48 1.41

ratio (M/F)

Percentage of 24.61 11.00

juveniles and sub-

adults

Density of population 12.6 46.5

samples (marked ind.
/ surveyed area, ha)

Closed population, None recorded None recorded
male-biased sex
ratio, increased

female mortality

133 d, 4-17 people
(1,330); 2008-2013

26 d, 4-10 people
(182); 2008, 2009

22 d, 4-8 people
(132); 20102012

and 2012
1,733 /7,499 395/ 117 379/165
1,143/ 88; 175/ 140; 139/ 155;
12.99 1.25 0.90
29.29 20.45 21.41
78.8 15.8 25.3

simulation the population increased; even after 1,000 y
there was no dramatic decrease (Fig. 4). Nevertheless,
when we introduced a realistic (legally allowed) level of
harvest, the population vanished in fewer than 20 y, with
amedian time to first extinction of only 9 y. Probabilities
of extinction in 100 and 1,000 y were respectively 0.02
and 0.43 under baseline circumstances, but with harvest,
reached 1.00 in both scenarios (Table 4).

In Danilovgrad, the simulated population decreased
to extinction even without added catastrophes or
pressures. Under baseline circumstances, probabilities
of extinction in 100 and 1,000 y were 0.27 and 0.95,
respectively (Table 4). With added wildfires set to
occur every other year, the population started dying
out in 6 y (Fig. 5). On Golem Grad Island, baseline
simulations did not lead to extinction (Fig. 6), with
probabilities of extinction in 100 and 1,000 y being
0.01 and 0.56, respectively (Table 4). Both inbreeding,
which we consider hypothetical because the population
is completely isolated from conspecifics and females are
a tiny minority of the population, and increased female
mortality caused a rapid decline and eventual extinction
of the population after about 100 y on average, with

probabilities of extinction being 0.25 and 0.90 between
100 and 1,000 y simulations, respectively.

Conservation status—Overview of the legal
protection and conservation status of 7. h. boettgeri
in all countries of the Balkan Peninsula revealed that
in most of the 10 countries of concern, T. h. boettgeri
is legally protected or strictly protected (except in
Albania). At the very least, the taxon is under some kind
of protection or trade control on the international level
(Table 3). Among seven Balkan countries, however,
national conservation status varies from Least Concern
to Endangered; for the remaining three we could not find
precise information regarding the conservation status of
T h. boettgeri.

(Re)assessment of the conservation status.—
Populations of 7. h. boettgeri from the region of
concern may easily decline by > 30% in fewer than
100 y (current results; Rozylowicz and Dobre 2010;
Ljubisavljevi¢ et al. 2011; IUCN criterion A4d). The
probability of extinction predicted by VORTEX was at
least 10% within 100 y (IUCN criterion E). In some

677



Nikolic et al.—Population Viability Analyses of Testudo hermanni boettgeri.

= Trstenik SpAD basic 100 yrs

ST

= Trstenik SpAD basic 1,000 yrs

0 100 200 300 400 500 600 700 800 %00 1000
Year

L i

FiGure 4. Outcomes of PVA simulations for Trstenik tortoise
population of the Hermann’s Tortoise (7estudo hermanni
boettgeri) under baseline circumstances, after 100 y (top) and
1,000 y (bottom), and with maximum previously allowed harvest
during 100 y (middle).

populations under study, this value reached 100% in
short time periods, particularly under harvest, wildfires,
or higher female mortality, all pressures we documented
in the field. The meeting of these criteria should qualify
T h. boettgeri as Vulnerable. Higher ranking (such as
Endangered) would be inappropriate due to the wide
distributional range of the subspecies (criterion B) and
large assumed population size (criteria C and D).

TaBLE 2. Input data used in all VORTEX simulations of the
eastern subspecies of the Hermann’s Tortoise (Zestudo hermanni
boettgeri).

Reproductive System Rates
Age at first offspring females 11
Age at first offspring males 9
Maximum lifespan 60
Maximum number of broods per year 1
Maximum number of progeny per brood 15
Sex ratio at birth - % males 50
Maximum age of female reproduction 50
Maximum age of male reproduction 50
Percent of adult females breeding 100+ 10
Percent of adult males in the pool of breeders 100
Mean number of offspring per female per brood 43+1
Mortality rates
Fromage O to 1 50+25
Juveniles and sub-adults (from year 1 t0 9,i.e. 11) 20+ 10
Adults (after year 9, i.e. 11) 10£5
Initial population size / Carrying capacity
Trstenik 316/10,301
Danilovgrad 200/397
Golem Grad Island 1,733 /2,000
P¢inja River valley 395/3,608
Konjsko village 379 /2,864

DiscussioN

Basic population parameters—There 1is no
substitute to long-term field research for obtaining
precise key parameters required for Population Viability
Analyses (Lacy et al. 2014; Reed and McCoy 2014).
Due to logistical difficulties and time constraints, many
analyses are based on published species-mean values
and sometimes extrapolated from studies carried out
on related taxa (Pike et al. 2008). Possible limited
applicability of mean values to the singular situation
of different populations should be considered. Our
results show that populations that differ markedly in
one or more of their demographic traits can generate
contrasting PVA outcomes.

The wide range of demographic trait variation
observed in this assessment is based on five distinct
populations. Comparison with other studies suggests that
this variation is representative of the variety of natural
circumstances experienced 7. h. boettgeri throughout
their distributional range. For example, our population
density estimates ranged between 12.6 and 78.8 ind/
ha. These values lie in the range of previously reported
variation from 3.0 individuals/ha in Romania to 77.0
individuals/ha in Greece (Hailey and Willemsen 2000;
Rozylowicz and Dobre 2010). Adult sex ratios (M/F)
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ranged from 0.48 in Trstenik to 1.41 in Danilovgrad
under usual circumstances, with an extreme of 12.99
on Golem Grad. Wide variations have been observed
previously: from 0.55 to 6.41 (Stubbs et al. 1985; Hailey
et al. 1988; Hailey 1990; Hailey and Willemsen 2000).
In general, strong population divergences exist in
estimates of life-history traits among reptile populations
(Willemsen and Hailey 1999; Shine 2005), and our data
are no exception, thus assuring robust inferences of
Population Viability Analyses of 7. h. boettgeri.

Population Viability Analyses—VORTEX PVAs
have seldom been applied to tortoise populations
(Miller et al. 2001; Hailey and Willemsen 2003). Miller
et al. (2001) suggested that isolated populations of the
Gopher Tortoise (Gopherus polyphemus) may persist
unless substantial perturbations occur, such as an
increase in disease prevalence or in juvenile mortality.
Our simulation showing the collapse of the Golem Grad
Island population under increased female mortality
(unpublished data) corroborates this result.

In general, our PVAs suggest that 7. h. boettgeri
populations in the central Balkans are relatively
stable. Final population sizes projected by VORTEX
simulations depended on initial population sizes and
on hypothesized carrying capacities. The increase or

FiGure 5. Simulations of population of the Hermann’s Tortoise
(Testudo hermanni boettgeri) near Danilovgrad under basic
circumstances after 100 y (upper left) and 1,000 y (upper right),
and with frequent wildfires during 100 y (bottom left).

decrease of populations in the modeled scenarios differed
between 100- and 1,000-y simulations, suggesting
declines after longer periods. Importantly, the insular
population, for which the supposed carrying capacity is
more realistic than for any of the other populations, also
declined (i.e., in 100 y it dropped to approximately one
half of the number of marked individuals). However,
none of the simulations without disturbances led to
total extinction. Disregarding the probable errors in the
VORTEX input data, our results clearly point out that
any disturbance such as wildfires and harvesting has
the potential to rapidly drive populations to extinction.
Life-history characteristics of tortoises do not provide
buffering against major threats such as removal of
adult individuals for the pet trade. Similar results were
obtained in Greece from 75 populations of three Testudo
species: 46% of the populations were declining and
8% were vanishing due to increasing anthropogenic
pressures, independently from stochastic demographic
processes (Hailey and Willemsen 2003). Without
proper precautions the situation of the 7. hermanni in
Western Europe indicates a bleak forecast for the eastern
subspecies.

Current conservation issues.—Heavy exploitation
of tortoises from the territory of former Yugoslavia
lasting over half a century (Ljubisavljevi¢ et al. 2011) is
not diminishing (overview in Appendix). Available data
testify to an ongoing demand for 7. hermanni not satisfied
by the allowed quota of more than 60,000 confiscated,
illegally collected, individuals. Seizures such as the
one amounting to 1,023 individuals between Serbia and
Hungary (Hungarian CITES authority. Biennial report
to the CITES office for 2013-2014. Available at: https://
citesorg/sites/default/files/reports/13-14Hungarypdf.
[Accessed 20 February 2017]) further corroborate

679



Nikolic et al.—Population Viability Analyses of Testudo hermanni boettgeri.

wes (Golem Grad SpAD basic 100 yrs

N[all

e (Golem Grad SpAD basic 1,000 yrs

T T T 1
i €0 300 40 500 €00 o 20 500 1000

e (Golem Grad SpAD Inbr 100 yrs

N[all

J

e Golem Grad SpAD Fmort 100 yrs

FiGuRrE 6. Simulations of population of the Hermann’s Tortoise (7estudo hermanni boettgeri) from Golem Grad under basic circumstances
after 100 y (upper left) and 1,000 y (upper right), with inbreeding (bottom left) and with increased female mortality (bottom right) during

100 y.

the idea that unobserved export probably amounts to
worrying proportions.

Some populations are, nonetheless, under their own
peculiar threats such as highly male-biased sex ratio on
Golem Grad Island (Bonnet et al. 2016), where the lack
of females may compromise population viability (Gibbs
and Steen 2005). Such oddity is the result of independent
factors affecting this isolated population such as a past
bottleneck event, or higher female mortality (Hailey
1990; Willemsen and Hailey 1999). Yet, in a globally
changing climate, it may well be a plausible scenario
at a wider scale for this species with environmental sex
determination (Janzen 1994).

In many places in the Balkans, tortoises are still
common; they can be easily found in the field in large
numbers (Djordjevi¢ et al. 2013). Our results suggest
that apparently healthy populations of tortoises could be
at greater risks of extinction than currently appraised.
In Western Europe, previously large and widespread
populations of tortoises are now severely fragmented
due to illegal harvesting (Appendix); similar pressures
currently apply to Eastern European populations.
Uplisting T. h. boettgeri from Near Threatened to
Vulnerable would set in motion necessary conservation

actions such as the withdrawal of potentially detrimental
collection quotas and initiation of intense conservation
and educational campaigns.

Practical recommendations—To the best of our
knowledge, despite prescribed conservation statuses
in the countries where we studied 7. h. boettgeri,
in practice hardly any control of tortoise collection
from the wild exists. For Serbia, we suggest that the
Ordinance and Regulation regarding protected species
(Official Gazette of the Republic of Serbia 2010, 2011)
should be revised; 7. h. boettgeri should be considered
as strictly protected, and collection of individuals from
the wild for commercial purposes should be prohibited.
In Macedonia, 7. h. boettgeri is protected and we
propose to upgrade the legal status of this species to
strictly protected. Special attention should be paid to the
Golem Grad Island population, because it is very easily
accessible and hundreds of tortoises can be collected
in a single day. This population deserves strict control
and special conservation measures, especially as the
removal of few adult females could push the population
to extinction. Both Serbia and Macedonia authorize
captive breeding of tortoises in farms and animals are
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TaBLE 3. Review of conservation statuses of the eastern subspecies of the Hermann’s Tortoise (7Testudo hermanni boettgeri) in the
countries of the Balkan Peninsula including legal protection status, national conservation status according to corresponding Red Lists or
Red Books, national population trends, recorded threats, and source of information.

National conservation National
status (Red Lists / Red population
Country Legal protection Books) trends Recorded threats Information Source
Serbia Protected; Vulnerable Unknown collection, illegal trade Official Gazette
controlled of the Republic of
collection from Serbia 2010, 2011
nature allowed
Montenegro Protected — Unknown wildfires, vehicles Official Gazette of
Montenegro 2006
Macedonia Protected — Unknown Wildfires Official Gazette
of the Republic of
Macedonia 2011
Croatia Strictly protected Near Threatened Declining collections, illegal trade Jeli¢ and
Gambiroza 2012
Bosnia and Protected Vulnerable Unknown illegal trade Lelo etal. 2016
Herzegovina
Albania Not protected Least Concern Unknown — Ministerial Order
of Republic of
Albania 2013; E.
Sagdanaku, pers.
comm.
Greece Protected Vulnerable Declining intensification of Foufopoulos 2009
lowland agriculture,
tourism, exurban
development, vehicles,
wildfires
Bulgaria Strictly protected Endangered Strongly collection, agriculture, Beschkov 2015
declining infrastructure building,
wildfires
Romania Protected Endangered Strongly habitat loss, human Rozylowicz and
declining activities, increase of Dobre 2010
wildfire frequency
Turkey Protected — Unknown habitat destructions 0. Tiirkozan, pers.

due to urbanization and
agricultural activities

comm.

then traded externally and with export permits from local
CITES committees. Strict and continuous monitoring
of the existing tortoise farms and their activities is
necessary because they can easily be (and likely are)
used as platforms for the legal export of wild-caught
tortoises upon substantial demand. In Montenegro, 7.
h. boettgeri is protected, but we nonetheless propose its
upgrade to strictly protected. In this country, tortoises
suffer from road mortality and very frequent wildfires
(Vujovié et al. 2015). Strict and permanent control of
wildfires in the region is urgently needed.

One of the most important conservation measures
in all three countries of the central Balkans should
be the preservation of habitats and mosaic structure
of landscapes, as well as prevention and control of
wildfires (Livoreil 2009; Rozylowicz and Popescu
2013; Badiane et al. 2017). Intensification of field
research would provide a clearer picture of the most

appropriate monitoring methodologies and conservation
priorities. International cooperation in collecting and
analyzing DNA samples of T h. boettgeri from the
entire distribution range would facilitate the ability
to determine the origin of confiscated animals and
therefore their return (Zenboudji et al. 2016). Releasing
captive 7. hermanni in the field has been successfully
tested (Pille et al. 2018). Moreover, coordination among
scientists and international conservation organizations is
desirable because conservation status assessments often
differ strongly between responsible authorities (Moser
et al. 2016).

Finally, the establishment of regional rescue centers
(such as those in Spain and France, Station d'Observation
et de Protection des Tortues et de leurs Milieux
[SOPTOM]) for confiscated wild-caught tortoises
is needed (Nikoli¢ and Golubovi¢ 2017). Captive
individuals could be used in educational activities and in
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TaBLE 4. Results of VORTEX simulations for all studied populations of the eastern subspecies of the Hermann’s Tortoise (7estudo
hermanni boettgeri) under baseline circumstances. Abbreviations are: T = Time period for which the simulations were run; PEx =
Probability of Extinction; MelEx = Mean Time to 1* Potential Extinction; » = Mean Population Growth Rate prior to K Truncation.

T=100y T=1,000y
Population Scenario PEx MelEx r Pex MelEx r
Trstenik basic 0.02 42.50 0.0123 0.43 495.13 0.0030
harvest 1.00 8.97 -0.1583 - -- --
Danilovgrad basic 0.27 54.20 0.0119 0.95 118.85 0.0127
wildfires 1.00 6.00 -0.1188 - -- --
Golem Grad basic 0.01 61.25 -0.0063 0.56 44351 0.0014
inbreeding 0.25 84.80 -0.0227 - -- --
high F mortality 0.90 57.75 -0.0488 - -- --
P¢inja River valley basic 0.04 85.60 0.0082 0.56 433.69 0.0030
Konjsko village basic 0.01 65.00 0.0096 0.49 501.03 0.0042

reinforcement and repopulation translocation programs
(Lepeigneul et al. 2014; Pille et al. 2018). This is
especially true following wildfires, which are often
destructive to wildlife (Couturier et al. 2014; Vujovic¢
et al. 2015; Badiane et al. 2017) but nonetheless create
favorable tortoise habitats (Lecq et al. 2014). Based on
our results and [UCN criteria, we propose the assignment
of T. h. boettgerito the Vulnerable category globally (i.e.,
throughout its distribution range). Our recommendation
is further supported by the recent threat assessment of
the T. h. boettgeri based on its distribution, ecology,
and life-history traits, which clearly showed that it is
especially sensitive to anthropogenic pressures and was
consequently assigned to the category Vulnerable in
Serbia (Tomovic¢ et al. 2015).
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AppENDIX. Known traffic from the Balkans between 1977 and 2016 according to TRAFFIC’s bulletins of seizures and prosecutions,
CITES biennial reports, as well as https:/trade.cites.org/en/cites_trade. For clarity names of importer and exporter countries are given in
internationally used two letters abbreviations (https://www.all-acad.com/docs/country abbreviations.html).

Importer Exporter

Year Taxon Importer  Exporter quantity quantity Term Purpose Source
1977 Testudo hermanni CH GR 6 live Personal

1980 Testudo hermanni CH GR 13 live Personal

1982 Testudo hermanni GB BG 1 live Personal

1989 Testudo hermanni DK GR 2 live Personal

1989 Testudo hermanni NL GR 12 live Confiscation
1990 Testudo hermanni DK GR 2 live Personal

1991 Testudo hermanni DK GR 2 live Personal Wild
1993 Testudo hermanni Ccz GR 16 live Commercial Unknown
1996 Testudo hermanni DE YU 88 live Personal Seizure
1997 Testudo hermanni us BG 1 live Confiscation
1997 Testudo hermanni AT GR 426 live Confiscation
1997 Testudo hermanni DE HR 1 live Personal Wild
1998 Testudo hermanni AT GR 30 live Confiscation
1998 Testudo hermanni us GR 1 live Personal Wild
1998 Testudo hermanni cz HR 3 live Commercial Confiscation
1999 Testudo hermanni UsS HR 3 live Captive-Bred
2001 Testudo hermanni usS BG 1 live Scientific Wild
2001 Testudo hermanni AT HR 2 live Confiscation
2002 Testudo hermanni AT HR 1 live Confiscation
2003 Testudo hermanni DE GR 400 live Commercial Captive-Bred
2003 Testudo hermanni DK GR 1 live Personal Pre-Convention
2003 Testudo hermanni JP GR 200 400 live Commercial Captive-Bred
2003 Testudo hermanni SI GR 755 live Commercial Captive-Bred
2003 Testudo hermanni AT HR 2 live Confiscation
2003 Testudo hermanni DK HR 1 1 carapaces  Educational Confiscation
2003 Testudo hermanni AT MK 11 live Confiscation
2003 Testudo hermanni PL MK 1,200 1,200 live Commercial Ranched
2004 Testudo hermanni GB AL 1 live Confiscation
2004 Testudo hermanni DK HR 1 1 carapaces  Educational Confiscation
2004 Testudo hermanni SI HR 9 live Confiscation
2004 Testudo hermanni PL MK 1,500 1,500 live Commercial Captive-Bred
2005 Testudo hermanni CH BG 3 live Personal Wild
2005 Testudo hermanni SI HR 2 live Personal Unknown
2006 Testudo hermanni SI HR 2 1 live Personal Captive-Bred
2006 Testudo hermanni SI HR 3 live Confiscation
2006 Testudo hermanni DE MK 22 live Seizure
2006 Testudo hermanni SI MK 1,000 live Commercial Captive-Bred
2006 Testudo hermanni SI MK 11 live Confiscation
2006 Testudo hermanni HU RS 3 live Confiscation
2006 Testudo hermanni HU RS 381 live Confiscation
2006 Testudo hermanni SI RS 1 live Confiscation
2007 Testudo hermanni SI HR 2 live Personal Unknown
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Importer Exporter

Year Taxon Importer  Exporter quantity quantity Term Purpose Source
2007 Testudo hermanni GB MK 200 live Confiscation
2007 Testudo hermanni SI MK 2,958 2,458 live Commercial Captive-Bred
2007 Testudo hermanni UA MK 1,000 live Commercial Captive-Bred
2008 Testudo hermanni CH HR 1 live Personal Wild
2008 Testudo hermanni SI HR 1 live Personal Unknown
2008 Testudo hermanni SI HR 2 live Personal Unknown
2008 Testudo hermanni SI HR 200 live Commercial Captive-Bred
2008 Testudo hermanni GB MK 2,900 2,700 live Commercial Captive-Bred
2008 Testudo hermanni 1IE MK 100 live Commercial Captive-Bred
2008 Testudo hermanni UA MK 700 live Commercial Captive-Bred
2008 Testudo hermanni CzZ RS 200 live Commercial Captive-Bred
2008 Testudo hermanni HU RS 300 live Commercial Captive-Bred
2009 Testudo hermanni SI HR 2 live Personal Unknown
2009 Testudo hermanni SI HR 100 200 live Commercial Captive-Bred
2009 Testudo hermanni FR MK 700 350 live Commercial Captive-Bred
2009 Testudo hermanni GB MK 4,300 4,500 live Commercial Captive-Bred
2009 Testudo hermanni JP MK 200 400 live Commercial Captive-Bred
2009 Testudo hermanni UA MK 600 live Commercial Captive-Bred
2009 Testudo hermanni CczZ RS 200 150 live Commercial Captive-Bred
2009 Testudo hermanni GB RS 6 live Personal Captive-Bred
2009 Testudo hermanni GB RS 100 live Commercial Captive-Bred
2009 Testudo hermanni HU RS 300 300 live Commercial Captive-Bred
2010 Testudo hermanni SI HR 2 live Personal Unknown
2010 Testudo hermanni SI HR 100 live Commercial Captive-Bred
2010 Testudo hermanni ES MK 100 live Commercial Captive-Bred
2010 Testudo hermanni ES MK 100 live Commercial Ranched
2010 Testudo hermanni FR MK 1,050 1,050 live Commercial Captive-Bred
2010 Testudo hermanni JP MK 300 600 live Commercial Captive-Bred
2010 Testudo hermanni PL MK 300 300 live Commercial Captive-Bred
2010 Testudo hermanni Us MK 500 500 live Commercial Captive-Bred
2010 Testudo hermanni CzZ RS 352 702 live Commercial Captive-Bred
2010 Testudo hermanni HU RS 300 400 live Commercial Captive-Bred
2011 Testudo hermanni XX BG 12 live Commercial Captive-Bred
2011 Testudo hermanni CczZ HR 500 live Commercial Captive-Bred
2011 Testudo hermanni (074 HR 500 live Commercial Captive-Bred
2011 Testudo hermanni CL MK 100 live Commercial Captive-Bred
2011 Testudo hermanni CN MK 1,000 live Commercial Captive-Bred
2011 Testudo hermanni FR MK 400 1,200 live Commercial Captive-Bred
2011 Testudo hermanni GB MK 1,015 5,500 live Commercial Captive-Bred
2011 Testudo hermanni HK MK 794 live Commercial Captive-Bred
2011 Testudo hermanni JP MK 1,000 800 live Commercial Captive-Bred
2011 Testudo hermanni KR MK 50 live Commercial Captive-Bred
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Importer Exporter

Year Taxon Importer  Exporter quantity quantity Term Purpose Source
2011 Testudo hermanni (074 RS 500 live Commercial Captive-Bred
2011 Testudo hermanni HU RS 400 live Commercial Captive-Bred
2012 Testudo hermanni CN MK 400 live Commercial Captive-Bred
2012 Testudo hermanni FR MK 2,000 2,000 live Commercial Captive-Bred
2012 Testudo hermanni GB MK 2,775 3,500 live Commercial Captive-Bred
2012 Testudo hermanni HK MK 400 live Commercial Captive-Bred
2012 Testudo hermanni JP MK 800 800 live Commercial Captive-Bred
2012 Testudo hermanni KR MK 50 50 live Commercial Captive-Bred
2012 Testudo hermanni PL MK 300 live Commercial Captive-Bred
2012 Testudo hermanni SK MK 101 live Commercial Captive-Bred
2012 Testudo hermanni ™ MK 250 live Commercial Captive-Bred
2012 Testudo hermanni usS MK 300 500 live Commercial Captive-Bred
2012 Testudo hermanni usS MK 200 live Commercial ~ Born in Captivity
2012 Testudo hermanni (074 RS 100 live Commercial Captive-Bred
2012 Testudo hermanni HU RS 200 live Commercial Captive-Bred
2013 Testudo hermanni CN MK 700 live Commercial Captive-Bred
2013 Testudo hermanni DE MK 550 550 live Commercial Captive-Bred
2013 Testudo hermanni FR MK 2,170 2,370 live Commercial Captive-Bred
2013 Testudo hermanni GB MK 2,500 3,500 live Commercial Captive-Bred
2013 Testudo hermanni HK MK 1,700 1,000 live Commercial Captive-Bred
2013 Testudo hermanni JP MK 126 151 live Commercial Captive-Bred
2013 Testudo hermanni PL MK 300 300 live Commercial Captive-Bred
2013 Testudo hermanni US MK 1,030 1,030 live Commercial Captive-Bred
2013 Testudo hermanni uz MK 500 500 live Commercial Captive-Bred
2013 Testudo hermanni CzZ RS 100 200 live Commercial Captive-Bred
2013 Testudo hermanni HK RS 100 200 live Commercial Captive-Bred
2013 Testudo hermanni HU RS 1,200 1,000 live Commercial Captive-Bred
2014 Testudo hermanni 1T AL 51 live Personal Captive-Bred
2014 Testudo hermanni 1T AL 77 live Commercial

2014 Testudo hermanni CH MK 255 255 live Commercial Captive-Bred
2014 Testudo hermanni CN MK 1,000 live Commercial Captive-Bred
2014 Testudo hermanni DE MK 1,700 1,700 live Commercial Captive-Bred
2014 Testudo hermanni FR MK 1,460 1,460 live Commercial Captive-Bred
2014 Testudo hermanni GB MK 1,000 live Commercial Captive-Bred
2014 Testudo hermanni HK MK 6,200 6,000 live Commercial Captive-Bred
2014 Testudo hermanni ™ MK 530 live Commercial Captive-Bred
2014 Testudo hermanni UsS MK 507 525 live Commercial Captive-Bred
2014 Testudo hermanni CzZ RS 200 150 live Commercial Captive-Bred
2014 Testudo hermanni GB RS 350 350 live Commercial Captive-Bred
2014 Testudo hermanni HK RS 800 800 live Commercial Captive-Bred
2014 Testudo hermanni HU RS 800 800 live Commercial Captive-Bred
2015 Testudo hermanni CH MK 70 live Commercial Captive-Bred
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Importer Exporter

Year Taxon Importer  Exporter quantity quantity Term Purpose Source
2015 Testudo hermanni CH MK 70 live Commercial

2015 Testudo hermanni CN MK 1,900 live Commercial Captive-Bred
2015 Testudo hermanni CN MK 700 live Commercial

2015 Testudo hermanni DE MK 2,541 1,550 live Commercial Captive-Bred
2015 Testudo hermanni DE MK 1,060 live Commercial

2015 Testudo hermanni FR MK 1,300 700 live Commercial Captive-Bred
2015 Testudo hermanni FR MK 1,200 live Commercial

2015 Testudo hermanni GB MK 1,000 live Commercial Captive-Bred
2015 Testudo hermanni GB MK 1,000 live Commercial

2015 Testudo hermanni HK MK 7,600 3,700 live Commercial Captive-Bred
2015 Testudo hermanni HK MK 3,500 live Commercial

2015 Testudo hermanni JP MK 770 670 live Commercial Captive-Bred
2015 Testudo hermanni JP MK 100 live Commercial

2015 Testudo hermanni KR MK 50 live Commercial Captive-Bred
2015 Testudo hermanni PL MK 200 200 live Commercial Captive-Bred
2015 Testudo hermanni ™ MK 500 live Commercial Captive-Bred
2015 Testudo hermanni ™™ MK 200 live Commercial

2015 Testudo hermanni UA MK 500 live Commercial Captive-Bred
2015 Testudo hermanni [ON) MK 1,330 1,080 live Commercial Captive-Bred
2015 Testudo hermanni UsS MK 355 live Commercial

2015 Testudo hermanni Ccz RS 150 live Commercial Captive-Bred
2015 Testudo hermanni GB RS 1,900 1,900 live Commercial Captive-Bred
2015 Testudo hermanni HK RS 600 600 live Commercial Captive-Bred
2015 Testudo hermanni HU RS 300 live Commercial Captive-Bred
2015 Testudo hermanni GB TR 22 160 live Commercial Captive-Bred
2016 Testudo hermanni CL MK 150 150 live Commercial Captive-Bred
2016 Testudo hermanni Ccz MK 2,300 2,300 live Commercial Captive-Bred
2016 Testudo hermanni DE MK 2,700 3,300 live Commercial Captive-Bred
2016 Testudo hermanni FR MK 970 1,970 live Commercial Captive-Bred
2016 Testudo hermanni GB MK 3,200 4,000 live Commercial Captive-Bred
2016 Testudo hermanni HK MK 14,600 16,100 live Commercial Captive-Bred
2016 Testudo hermanni JP MK 562 582 live Commercial Captive-Bred
2016 Testudo hermanni KR MK 40 live Commercial Captive-Bred
2016 Testudo hermanni ™ MK 300 live Commercial Captive-Bred
2016 Testudo hermanni [N MK 275 325 live Commercial Captive-Bred
2016 Testudo hermanni GB RS 1,800 1,800 live Commercial Captive-Bred
2016 Testudo hermanni DE TR 325 live Commercial Captive-Bred
2016 Testudo hermanni DE TR 230 live Commercial Ranched
2016 Testudo hermanni FR TR 50 live Commercial Captive-Bred
2016 Testudo hermanni FR TR 50 live Commercial Captive-Bred
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