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Abstract Reintroductions are considered an important part of
the action plans and recovery strategies of endangered ground
squirrel species, but so far little is known about their proper
methodology. We collected primary data on 12 European
ground squirrel reintroduction projects carried out at 14 local-
ities in the Czech Republic, Slovakia and Poland since 1989.
We focused on seven methodological aspects of each reintro-
duction: selection of release site, method of releasing, date of
releasing, origin of released animals, total number of released
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animals, mean number of released animals per season and
reintroduction site management. The method of releasing was
found to be the key factor in determining the settlement of
animals at the target locality. Only soft releasing methods, i.e.
the use of enclosures and/or artificial burrows, ensure that
animals remain at the target locality. The other factors signif-
icantly determining reintroduction success are the number of
released animals per season (at least 23 animals required) and
the total number of released animals (a minimum of 60
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individuals). Long-term management of the site and regular
monitoring of the newly established population are necessary.
Our recommendations, based on experience with the
successes and failures of previous reintroductions, could
largely improve the efficiency of future reintroductions
of highly endangered species.

Keywords Translocation - Endangered species - Rodentia

Introduction

The International Union for the Conservation of Nature and
Natural Resources defines a reintroduction as “an attempt to
establish a species in an area which was once a part of its
previous historical range” (IUCN 1998). In general, reintro-
duction, translocation or repatriation projects are intensive,
expensive, species-focused conservation actions intended to
contribute to the restoration of biodiversity. Although rein-
troductions are frequently used tools in conservation biology
and wildlife management, the average success rate for endan-
gered species is only about 25% (Griffith et al. 1989; Fischer
and Lindenmayer 2000).

Ground squirrels and prairie dogs (genera Spermophilus
and Cynomys) have long been considered agricultural pests
and exterminated by poisoning or shooting (Grulich
1960; Van Horne 2007). Their typical steppe biotopes were
also reduced by conversion to fields or by development
(Biedrzycka and Konopinski 2008; Grulich 1960; Hoogland
2007; Matgju et al. 2010a). At present, 8 out of 47 Spermo-
philus and Cynomys species are endangered by extinction
or considered vulnerable, and negative population trends
have been observed in another nine species (IUCN
2011).

Reintroductions of ground squirrels are considered an
important part of the action plans and recovery strate-
gies of endangered species from the genus Spermophilus
(e.g. Hafner et al. 1998; Matéju et al. 2010a; U.S. Fish and
Wildlife Service 2003). Compared to frequent translocations
of prairie dogs of the genus Cynomys (Hoogland 2007,
Roe and Roe 2003; Truett et al. 2001), translocations of
Spermophilus species are still uncommon and little is known
about the proper methodology (Hapl et al. 2006; Van Vuren
et al. 1997). This lack of information is probably due to the
common practice in wildlife management of not publishing
negative results from reintroduction projects (MacNab
1983) even if subsequently repeating the same mistakes
could be prevented (Short et al. 1992).

The European ground squirrel, Spermophilus citellus
(Linnaeus, 1766), inhabits central and southeastern
Europe, ranging from the Czech Republic, Austria and
Slovakia in the northwest to the European part of
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Turkey, northern Greece and western Ukraine in the
southeast (Mitchell-Jones et al. 1999; Wilson and Reeder
2005; see Fig. 1). Previous studies have reported an almost
continuous distribution of the S. citellus throughout the
agricultural landscape of Central Europe (e.g. Jacobi 1902;
Werth 1936; Grulich 1960; Spitzenberger 2001). In the
1950s, S. citellus abundance began an ongoing decline and
it became extinct in Germany (Feiler 1988) and Poland
(Meczynski 1985). The dramatic decline of the species'
area and abundance was most likely caused by the intensi-
fication of agricultural practices, i.e. alteration of meadows
and pastures into fields and the absence of regular mowing
in the remaining grasslands, resulting in habitat loss and
fragmentation (Cepakova and Hulova 2002; Koshev 2008;
Matéji et al. 2008). Comparing older data about S. citellus
occurrence in the Czech part of the former Czechoslovakia
(Grulich 1960) with the recent situation shows that the
current S. citellus distribution is only relict in character. In
2008, the S. citellus in the Czech Republic was found at
only 35 sites and the overall abundance was estimated to be
ca 3,600 individuals. The remaining ground squirrel colo-
nies are restricted to grasslands regularly managed by
humans (Matéjt et al. 2008). The decline of the S. citellus
abundance and distribution pattern in Austria, Slovakia,
Hungary and Bulgaria is similar (e.g. Spitzenberger 2001;
Ambros 2008; Koshev 2008). The decline in ground squir-
rel abundance may also negatively affect the abundance of
some specialised predators such as the European marbled
polecat (Vormela peregusna) or steppe polecat (Mustela
eversmannii; ITUCN 2011). Analogously, the predatory
black-footed ferret (Mustela nigripes) was almost wiped
out in response to the poisoning and disappearance of
prairie dogs in North America (Lockhart et al. 2006;
Lockhart 2009).

The total decline across the S. citellus range has been
estimated to be about 30% in the past 10 years; the species
was thus included as a vulnerable species in the Red List of
Threatened Species (IUCN 2011) and is protected by the
European directive 92/43/EHS “the Habitat Directive”.
National laws of particular countries also protect the
European ground squirrel as an endangered species.
The protection of this species is important for both
governmental and non-governmental wildlife manage-
ment institutions across Central Europe (e.g. Ambros
2008; Balaz et al. 2008; Enzinger et al. 2008; Gedeon et
al. 2011; Hapl et al. 2006; Kala and Kepel 2006; Maté&ji et
al. 2010a), but a critical review of past reintroduction
attempts is still missing. The main objectives of this work
were (1) to review and evaluate the methods and results of
all past reintroduction projects of the S. citellus within
Central Europe and (2) to suggest specific recommendations
for future S. citellus reintroductions.


https://www.researchgate.net/publication/223070877_Reintroduction_of_macropods_Marsupialia_Macropodoidea_in_Australia-A_review?el=1_x_8&enrichId=rgreq-9e07e6d0-cdb1-4072-95c6-4aa8e9edab3d&enrichSource=Y292ZXJQYWdlOzIzMzkyNDE5MTtBUzo5OTU2MzM3NzUyODgzM0AxNDAwNzQ5MTY3MTUz
https://www.researchgate.net/publication/258015032_Reintroductions_of_the_European_Ground_Squirrel_Spermophilus_citellus_in_Central_Europe_Rodentia_Sciuridae?el=1_x_8&enrichId=rgreq-9e07e6d0-cdb1-4072-95c6-4aa8e9edab3d&enrichSource=Y292ZXJQYWdlOzIzMzkyNDE5MTtBUzo5OTU2MzM3NzUyODgzM0AxNDAwNzQ5MTY3MTUz
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Fig. 1 Map of sites where
European ground squirrels were
reintroduced and the total distri-
bution of the species in Europe
(TUCN 2011) marked by hatched
lines. Legend: Slovakia: 1.1a
Buzica, /.1b Milhost’, 1.1¢
Perin-Chym, /.2 Breziny, 1.3
Jakub, /.4 Biele vody, 1.5
Kuchymia; Czech Republic: 2.1
Zlaty Kun, 2.2 Novina, 2.3
Vitkav vrch, 2.4 Repické
rybniky, 2.5 Velka Dobra, 2.6
Pise¢ny vrch; Poland: 3.0
Kamien Slaski

Methods
Data collection

We collected data from electronic journal databases, databases
of national libraries, web searches and personal references. At
least in six cases, data about S. citellus reintroductions and
translocations in Central Europe that have never been pub-
lished were also included. We also asked wildlife managers
from several governmental and non-governmental institu-
tions about their experience with ground squirrel reintroduc-
tions. Wildlife managers provided us detailed and mostly
unpublished information about reintroductions that were
part of wildlife rescue projects as well as about any reintro-
duction attempts. Raw data, including detailed descriptions
of reintroduction projects but without a detailed evaluation,
were published by Matéju et al. (2010b).

Data analysis

Information about S. cifellus reintroduction projects have a
high variability in the quality of data, with some parameters

missing. Therefore, we selected particular aspects of rein-

troductions and evaluated these separately. Some reintro-

duction projects consisted of releasing the S. citellus at a

few distinct sites, with no possibility for released animals to

disperse among them. In such cases, reintroductions at these

sites were considered and evaluated as independent projects.
We focused on the following aspects:

1. Site selection—non-specific, based on the opinion of
wildlife managers; or specific, based on the former
occurrence of ground squirrels

2. Methods of releasing—we used a division according to
Beck et al. (1994), i.e. hard and soft. Hard releasing
means that animals were released directly at the site
without any preadaptation period or artificial support
after release (Beck et al. 1994). Soft releasing means
releasing of animals into abandoned or artificial bur-
rows with a retention cap and/or enclosures, occasion-
ally also with a food supply

3. Date of releasing—in the spring (during the mating
season, focused on the transfer of females in the early
stage of gestation) and/or late summer (after weaning of
juveniles)
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4. The origin of released animals—from the wild or mixed
groups of wild animals and animals bred in captivity

5. Number of released individuals during the whole project

6. Mean number—mean number of released individuals
per season and

7. Management of release site—management could be either
insufficient (absent or insufficient—low frequency of
mowing or low intensity of grazing—high vegetation
cover and presence of shrubs/high intensity of grazing—
destruction of vegetation cover and soil surface) or suffi-
cient (mowing and grazing provided at optimal frequency
and intensity—height of vegetation cover never exceed
20 cm, only sporadic shrubs are present).

Success of the reintroduction project was evaluated
according to three criteria: survival of the animals after
release (phase I), settlement of the released individuals at
the site of release (phase II) and proven reproduction of the
released animals (phase III; Letty et al. 2003; Teixeira et al.
2007).

Statistical analysis

Site management was not included in the statistical analyses
because it was not known in five cases. Firstly, we looked
for important factors influencing classification of the rein-
troduction to one of the three success criteria, performing a
classification tree analysis in STATISTICA 8.0 (StatSoft
Inc. 2007). This method is nonlinear and nonparametric.
The stop criterion for splitting was based on misclassifica-
tion. For computational details involved in determining the
best split conditions to construct a simple and informative
tree see Breiman et al. (1984) for a discussion on their
CART® algorithm.

Then, we analysed the probability of settlement (yes/no)
and reproduction (yes/no) in relation to the evaluated pre-
dictors. These analyses were done by forward selection in
generalised linear models (GLM) for binomial distribution
with a logit link function in the programme R 2.12 (http://
cran.r-project.org/). The best model was selected based on
Akaike information criterion.

Results

We summarised all available information and analysed
aspects of 12 ground squirrel repatriation projects in Central
Europe. Within these 12 projects, about 2,500 ground
squirrels were released at 14 distinct sites (see Fig. 1 and
Table 1). In Slovakia, five projects have been organised
since 1992 (one of them is still in process). They were
usually not primarily focused on S. citellus conservation,
but as support for the foraging base of the saker falcon
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(Falco cherrug) and the imperial eagle (Aquila heliaca,
“LIFE” projects). One of the Slovak projects (Repatriation
of S. citellus in the KoSice region) was evaluated as three
separate reintroductions because it comprised releases of
animals at three distinct sites in the KoSice region
(Budayova 1995). Six projects are known from the Czech
Republic during 1988-2007, and one project starting in
2000 is still in progress in Poland. All reintroduction proj-
ects in the Czech Republic and Poland were primarily fo-
cused on conservation of the S. citellus. Aspects and results
of these repatriation projects are reviewed in Table 1.

Site selection

More than half of the reintroduction projects (8 of 14) used
specific site selection based on the previous occurrence of
ground squirrels at the site or in the close surroundings (see
Table 1). Five of these projects were successful and repro-
duction of released animals was observed. In one case
during repatriation at Vitkiv vrch (CZ), animals moved ca
400 m from the site of release, but then also settled and
started to reproduce. Two projects reached phase II (settlement
of released animals), but ground squirrel populations at the
localities were destroyed by cattle in one case (Perin-Chym,
SK) (Budayova 1995). In the second case (Repické rybniky,
CZ), the reason the population went extinct is unknown. The
last of these projects (Pisecny vrch, CZ) failed shortly after
the release of animals (between phases I and II).

Non-specific site selection was used in six cases (see
Table 1). In projects using non-specific site selection, re-
leased individuals moved into the surroundings or they
dispersed to suitable places and repatriation usually failed.
Only two of these projects (Kuchyna, SK and Velka Dobra,
CZ) resulted in a sustainable colony because animals found
appropriate habitats near the site of the release.

Methods of releasing

In 11 of 14 reintroductions in Central Europe, the soft
method of releasing was used (see Table 1). One of these
projects (site Jakub) failed soon after the release of animals,
probably due to the dissipation of individuals to the sur-
roundings. The survival and settlement of ground squirrels
at the site was successful in three projects, but reproduction
was not observed. Seven projects resulted in colonies with
reproduction observed in the year following release. Hard or
combined (first hard and then soft) releasing was used in
only three projects, and all failed.

Date of releasing

For two of the reintroduction projects, the season of release
is not known. Releasing in early spring was used in three


http://cran.r-project.org/
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repatriation projects in the KoSice region (SK). During
April, ground squirrels were released at three target locali-
ties. At two sites survival and reproduction of released
animals were observed, while at the Perin-Chym locality
settlement was observed, but the population was later
destroyed by wintering cattle that completely crush vegeta-
tion cover and turn soil surface in to mud (Budayova 1995).

Transfers of animals in summer (from June to early
September) were attempted in four projects. In two of them,
animals were reported to settle at the site of release, and in
the other two projects reproduction was also successful.

Both early and late releases were performed in five proj-
ects; in two of them survival, but not the settlement of
released animals, was observed at the target locality. Three
projects were successful and resulted in populations with
successful reproduction.

In summary, spring, late summer and combined periods
of transfer all resulted in stable populations in some cases.
For overview, see Table 1.

Origin of animals

Animals from wild populations were used in all of the
reintroduction projects studied here. They usually came
from nearby abundant populations or as rescue transfers
from populations threatened by destruction (e.g. construc-
tion, ploughing, etc.). At three sites, Novina (CZ), Zlaty
K (CZ) and Kamien Slaski (PL), animals first reproduced
in captivity and their offspring were also released. At Zlaty
Kan the survival and settlement of released animals was
observed, but the colony later vanished (Jansova 1992).
During the Novina reintroduction project, there was a severe
infection of ground squirrels in captivity by ectoparasites
(mostly fleas) and the mixed population of wild and captive
individuals disappeared before reaching phase II (Hulova
2005). In Poland, none of the above-mentioned negative
events were observed and the project seems to be successful.

Number of individuals

The number of released individuals varied greatly among
both the reintroduction projects and seasons. The lowest
number of animals used for reintroduction was 4 and the
highest 1,057 individuals. As expected, the success of rein-
troduction increases with the number of released animals,
but the mean number of reintroduced individuals per season
is statistically more important than their total amount during
the whole project (see below).

Management of the release site

Of the 14 repatriations, 5 reintroductions lack information
on the subsequent management of vegetation cover at the
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release site. In six projects, management of the release site
was sufficient (i.e. was sufficiently mowed or grazed). As
mentioned above, at Novina, CZ released animals survived
but did not settle, and at Zlaty Kin, CZ animals survived
and settled, but later they vanished (Jansova 1992). At four
sites (Kuchyna, Muranska planina, SK; Velkd Dobra, CZ
and Kamien Slqski, PL), the reproduction of released
ground squirrels was observed.

Insufficient vegetation cover management caused the
extinction of the colony at the locality Perin-Chym (SK)
(Budayova 1995). Repatriation at Pise¢ny vrch (CZ) proba-
bly also failed due to insufficient management as well as the
small number of released individuals. The project at Vitkav
vrch (CZ) demonstrates the importance of appropriate
release-site management. Regular management of the local-
ity was halted during the project and the overgrowing veg-
etation probably caused released animals to move to a
different site.

Analysis of the reintroduction programmes

Based on statistical analysis, the method of releasing was
identified as the main factor leading to the three possible
scenarios of the reintroduction programme (survival, settle-
ment and reproduction; Fig. 2). Hard releasing leads only to
the survival of individuals, not to settlement or reproduc-
tion. When a soft or combined (used only at the site Zlaty
Kian, CZ) release method was used, the median number of
animals released per season was the essential factor. The
crucial number of animals was 23, and when more animals
were released, the project was nearly always successful and
animals reproduced.

The probability of settlement itself is only influenced by
the release method (forward selection GLM, chi square=
7.3, df=1, p=0.007). The probability of reproduction
depends only on the median number of released animals
per season (forward selection GLM, chi square=6.4, df=1,
p=0.011) (Fig. 3).

Discussion

Reintroductions of ground squirrels and similarly living
prairie dogs were rare until the 1990s and only limited
information about this topic was published (e.g. Brown et
al. 1974; Panzer and Schipp 1986). As such, it is clear that
the first reintroductions of the S. citellus in Central Europe
were based only on the judgement and enthusiasm of wild-
life managers (Jansova 1992; Budayova 1995; Hulova
2005).

From the seven aspects of S. citellus reintroductions
analysed, the method of releasing and number of animals
released per season were identified as the key factors in
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Fig. 2 A regression tree show-
ing significant aspects affecting
the results of reintroduction
attempts. Success of reintroduc-
tion depends first on the method
of releasing and second on mean
number of individuals released
per season. /D—sequence
number of splitting node,
N—number of reintroduction

—survival
- gettlement
------ reproduction

N=14

others

1
hard

attempts in each particular group

N=12 N=2

mean number per season

1

N=4

determining success. In agreement with Gedeon et al.
(2011), we found that a soft method of releasing (usage of
artificial burrows and/or fences) is essential for a successful
reintroduction (Fig. 2). Soft releasing methods prevent ani-
mals from panicking, moving erratically and rapidly leaving
the release site. The panic reaction of ground squirrels was
well documented during the first season of the reintroduc-
tion programme at the locality Zlaty Kun, where two indi-
viduals were found to have been run over on a nearby road a
short time after releasing (Jansova 1992). It is necessary to
keep animals at the release site and allow them to get
familiar with their new surroundings, establish a new social

Success of reproduction

40 60 80 100 120

Mean number per season

140

Fig. 3 Relationship between the mean numbers of European ground
squirrel released per season and the probability of reproduction success
(phase III). Each dot represents one reintroduction attempt

order and locate food sources (Short et al. 1992). Soft
release methods result in more animals settling and remain-
ing at the release site (e.g. Van Vuren et al. 1997).
Maintaining the animals at a release site can be attained
using artificial burrows and/or enclosures. The clear advan-
tage of artificial burrows is that they protect animals against
unsuitable weather conditions including hypo- and hyper-
thermia (Long et al. 2005; Gedeon et al. 2011). Enclosures
lack this function; however, they also ensure retention of the
animals at the release site. Their advantage compared to
artificial burrows is that they protect the released animals
against predators (e.g. Hapl et al. 2006; Truett et al. 2001).
For instance Hapl et al. (2006) observed systematic preda-
tion of ground squirrels released into artificial burrows by
the European badger (Meles meles). A combination of both
artificial burrows and enclosures appears to be most advan-
tageous. When the usage of enclosures is too expensive, it is
recommended to substitute their protective function by
directly guarding the release site for at least 2 or 3 days,
24 h a day (Hapl et al. 2006). Reduction of post-release
stress and dispersal tendencies can be achieved by supple-
mentary food and water (Truett et al. 2001). As one would
expect, the success of reintroduction is increased by releas-
ing more animals at the site (e.g. MacArthur and Wilson
1967). In the projects reviewed here, the number of individ-
uals varied considerably, from 4 to 1,057 (Table 1). The
number of animals in successful projects had almost the
same range (from 10 to 1,057). In our analysis, the median
number of released individuals per season was a more
important factor affecting reintroduction success than the
total numbers during the whole project. The critical number
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was an average of 23 individuals per season (Fig. 2), but as
estimated by the best GLM, the minimum number for a
successful reintroduction is approximately 60 individuals
per season (Fig. 3). A similar number has also been recom-
mended for reintroductions of black tailed prairie dogs
(Cynomys ludovicianus; Robinette et al. 1995). Dullum et
al. (2005) found no significant difference in survival be-
tween released groups of 60 and 120 prairie dogs, but
they recommend releasing a minimum of 120 individu-
als, since the more numerous groups had a higher pop-
ulation growth rate and hence a greater proportional
increase in colony size.

There are no data on the duration of reintroductions and
frequency of animal releases. However, from our data it is
clear that for the successful establishment of a new popula-
tion it is necessary to release animals within a short period (a
maximum of two or three seasons). Conversely, it is unsuit-
able to release animals into a locality several times, in small
numbers and with long time gaps (even years) between
individual release attempts (as was done e.g. at Novina,
CZ). The positive effect of newly released individuals is
probably reduced in this situation because the population
abundance may already be decreased due to predation,
unsuitable weather conditions, etc. In extreme cases the
subsequent release may act as a new (independent) reintro-
duction attempt, as formerly released individuals may have
completely disappeared from the locality (e.g. Breziny, SK).

Differences in the two release periods studied here,
spring versus late summer, are probably not critical. In both
cases, the animals probably have enough time to get used to
a new site, establish social interactions and store fat reserves
for the coming hibernation.

The origin of animals was also not found to be very
important. With the exception of Poland, the animals used
in these projects were mainly from the wild, with a minority
from captivity. McPhee (2003) demonstrated two effects of
captive breeding on the deer mouse (Peromyscus polionotus
subgriseus): a decrease in reaction to predators and higher
behavioural variance, which could translate into increased
variability in survivorship during reintroduction. Aaltonen
et al. (2009) observed higher mortality, predominantly
caused by aerial predators, in captive bred Vancouver Island
marmots (Marmota vancouverensis). Such detailed data are
not available for the S. citellus though Budayova (1995)
warned about such problems. However, none of these prob-
lems were reported during the reintroductions in Poland.

Due to lacking information, it was not possible to evalu-
ate the management of release sites. However, from regular
monitoring data (Matéji et al. 2008) and field experience
(Grulich 1960; Hapl et al. 20006), it is evident that mowing
or grazing localities to maintain low grass cover is crucial
for a long-term prosperous and stable ground squirrel pop-
ulation. Similarly, Truet et al. (2001) mentioned vegetation
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management as the most commonly cited management
needed for prairie dog (Cynomys spp.) colonies.

Recommendations for the future

We hope to call attention to the procedures used in success-
ful projects so that basic mistakes can be avoided and
meaningful reintroductions can be performed. Appropriate
conditions at the site of release, i.e. prepared burrows,
protection from predators and additional food, seem to be
critical for the acclimatisation of animals and their success-
ful settlement at the locality. In future reintroduction
attempts, we should target efforts on breeding of the species
in captivity. For example, reproduction of the Vancouver
Island marmot (M. vancouverensis) endemic to Vancouver
Island in British Columbia has been accomplished at several
captive breeding centres across Canada, and reintroductions
back to the wild have been successful (Vancouver Island
Marmot Recovery Team 2008; Aaltonen et al. 2009).
Another important factor is that newly reintroduced pop-
ulations should not be isolated. To establish a new stable
population is the first step, but it is not feasible to sustain a
viable population resistant to unpredictable events (weather
extremes, predation stress, diseases, etc.) without the possi-
bility of immigration from neighbouring populations. In
addition, small and isolated populations can be affected by
inbreeding depression (mating between related animals)
(Allendorf and Luikart 2007; Hulova and Sedlacek 2008).
Thus, a combination of the soft releasing of a sufficient
number of animals and continued site maintenance will
result in the best chance for a successful reintroduction.
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