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1 Effects of anthropogenic habitat alteration on aninal space use

1.1 Landscape fragmentation

In modern landscapes, human activities have altdrechatural environment, modifying
habitat characteristics, which has led to changgdant and animal communities. Habitat
loss or its reduction to single fragments isolatexdn one another is one of the major
threats to biodiversity and hence has been a darniasue in conservation biology since
its inception (BULE 1987). Landscape fragmentation restricts organismsmall areas
that provide limited connections to other suitaglgain and conspecifics. Thus, they face
a variety of problems: Homozygosity and inbreedidgpression represent severe
problems; furthermore small populations are inaredg vulnerable to stochastic effects
and catastrophes. Hence, as human-induced landattepation will continue, the long-
term survival of many endangered species will ddpen their capacity to cope with
anthropogenically shaped habitats.

Since habitat and population characteristics styomgfluence space use in animals,
anthropogenic changes can cause variances indgrasgter across populations exposed to
different degrees of human impact. Studies on spaeein response to human influence
operate at the interface between behavioural egaogd conservation, possibly providing
knowledge for successful conservation measuren{@so 1999). Different movement
patterns between sites may reflect direct consempseaf anthropogenic habitat alteration
or disturbance, or they may result from alteree-hfstory traits or demographic changes.
Space use can be measured at different levelgrmmstof dispersal patterns, home-range
size, or spacing.

1.2 Dispersal

In conservational contexts, much attention has Ipaéth to animal dispersal because of its
relevance for metapopulation dynamics (e.gaANki 1998, WOODROFFE 2003). A
metapopulation consists of several subpopulatiammected by dispersing individuals.
Enabling gene flow between colonies, dispersal roaynteract the typical problems
associated with small and isolated populationdh kegels of inbreeding, high genetic drift
(i.e. the stochastic change of allele frequenciesmfone generation to the next causing
eventual disappearance of alleles), and, consdgubigh levels of homozygosity and loss
of genetic diversity which means reduced possybilit adapt to environmental changes.
Thus, in fragmented landscapes, where suitabladigiatches are embedded in a more or
less hostile matrix, the degree to which individgustill move between subpopulations and
to unoccupied patches may decide on the fate oll solanies.

The resistance of a species to habitat fragmentatian be influenced by several
parameters. Findings from the long-term “Biologidaynamics of Forest Fragments
Project” conducted in the Amazon rain forest, wHesgments of different sizes where left
intact but the rest of the habitat was deforestathhasize the roles of the character of the
matrix surrounding the fragments and the readiné$ise animals to use it AURANCE et

al. 2002). Furthermore, the ability of an animalprcept the presence of high-quality
habitat in the surrounding area, as has been igaéstl in some sciurid specieso(ZNER
2000), presumably plays a role for movements frow@ patch to another.

The evolutionary causes of dispersal involve vemm in the non-social environment
(habitat quality, breeding sites, food availabjlifyarasites, and predation), the social
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environment (competition), and the genetic envirentr(inbreeding avoidance on the one
hand, presence of co-adapted genes on the othel;, I@oBERT et al. 2008). Who
disperses and when varies greatly between spécigseneralnatal dispersatan be found

in prereproductive individuals, anthreeding dispersalin reproductive individuals
(GREENWOOD 1980). Natal dispersal tends to be dimorphic amairds and mammals: it
is usually female-biased in birds, whereas in malamaales are the ones that usually
disperse further from their birth sites than feraaleawsoN HANDLEY & PERRIN 2007).
Sciurid species are apparently no exception togaitern (bLEkampP 1984), though in the
European ground squirrel sex-differences in disgdrave at present only been shown for
travel speed but not for distance from the nataldw (HOFFMANN et al. 2004a).

1.3 Home-range size
In this study, space use was investigated in tefrieome-range size. The concept of an
animal’s home range was established WrB(1943), who defined it as the area where
“normal activities of food gathering, mating, arariog for young” occur, but argued that
occasional excursions outside this area should@abnsidered as part of the home range.
During time, individuals can shift their home raage such a way that the new home
range is still overlapping with the former onetloey can departure permanently from their
original home range, i.e. disperse. Moving behavamcounts for the animals’ dispersion,
their socially mediated spatial arrangement. Sgabehaviour is usually associated with
the degree of sociality in a species (territorinlnot) and influences parameters such as
population density and home-range overlafe(&ETH & LIDICKER 1992).
The significance of home-range size has been leegrated in conservation issues
compared to dispersal patterns. Hence, knowledg@iplasticity of individual ranging
behaviour in dependence of anthropogenic habi@@is may yield insights on a species’
response to the challenges imposed by human a&ssi(i€RO 1999, APOLONIO et al.
2003). For example, knowing the average spatialirements of a species and relating it
to habitat patch size might help predicting hownzadi populations are affected by habitat
reduction, as well as assessing the likelihoodotdrazation and extinction at patches of a
given size. If individual home ranges are smalbtieé to the patch size, population
viability might be less threatened than when theylarge. This ratio also determines the
proportion of the population exposed to the habtatder, which may play a role in
species that are vulnerable to edge effectosddROFFE& GINSBERG 2000).
Certainly, the extent to which the space at digmsitends to be covered by more than
one individual is crucial. This factor strongly en&cts with a species’ social organisation
and mating system. Home ranges may overlap tordiffedegrees, or they can be distinct
from one another if the individuals defend perpktaspatiotemporal territories (e.g.
MURIE & HARRIS 1978, ESTA-BIANCHET & BOAG 1982). Movement behaviour and
territoriality may vary between sexes, and the horaege of one individual may
encompass those of several others, especially wimeale monopolizes several females. In
addition, individuals do not equally use all paststhe home range, but movements are
concentrated to a main activity areaX®N & CHAPMAN 1980, HhRRIS et al. 1990).
Variances in home-range size between individuats lztween populations of the same
species may reflect different parameters:
(1) First, home-range size may be influenced by indialdtraits, like sex, age,
condition or reproductive state (e.grRTEGA 1990). It is a general rule that home-
range size increases with body weight and energuimements (MNAB 1963,
HARESTAD & BUNELL 1979), across species as well as within spediesigh this
relationship does not seem to be lineagl(K& V AN VUREN 1999).



(2) Secondly, population characteristics may have &cebn home-range size, like
population density (RLINGE et al. 1990, OTFeLD 1986), sex-ratio, oestrus
synchrony, and the degree of intrasexual competi{(MURIE & HARRIS 1978,
MILLESI et al. 1998).

(3) Finally, environmental factors affect home randis, habitat patch sizeNiks et al.
1993), habitat structure, distribution, abundanod &e nutrient value of food
resources (OTFELD 1986, MARES & LACHER 1987, HiBBS & BOONSTRA 1998,
HARRIS & LEITNER 2004), the distribution of other resources (e.geeding or
resting sites), and predation pressuregst & BOONSTRA1998).

Human activities may alter a species home-range isidifferent ways, either directly in
terms of human disturbance and spatial limitation,indirectly, for example, through
effects on population demography or resource dvilitha From an experimental study
with root voles Kicrotus oeconomysIms et al. (1993) deduce three scenarios of space
use responses to habitat fragmentation, dependmgthe social behaviour of the
individuals as an intrinsic factor, and patch €igean extrinsic factor.

(1) Fusion responseln animals without aggressive behaviour, indiadu may
congregate on habitat patches in a way that th@mehranges overlap to a high
degree.

(2) Fission responseln aggressive animals, individuals may minimibeit home
ranges and keep home range overlap at a minimum.

(3) Expansion responsdf home ranges are sufficiently large in relationpatch size
and inter-patch matrix, individual home ranges datver more than one habitat
patch.



2 Study system: The European ground squirrel

2.1 Geographic range and endangerment

The European ground squirrébgermophilus citellugL. 1766), Scuridae), is a middle-
sized, diurnal rodent that typically inhabits stemd open grassland in eastern and south-
eastern Europe, to which it is endemi®@STUFEK 1999). In Austria, this habitat type can
be found only in the pannonian zone, confining gneund squirrel occurrence to the
country’s easternmost regions of Vienna, Lower Aasand Burgenland. Austrian ground
squirrel populations hence represent the westaiplssy of the species’ geographic range
(LEITNER 1988). A European-wide, small-scaled map of thexigs’ distribution, however,

is currently inexistent.

Since ground squirrels inhabit burrows, they reguvell drained soil (KRYSTUFEK 1999).
The massive reduction of dry grassland, the speprame habitat, due to agrarian use,
human settlement and establishment of industriaégaluring the past decades, has caused
a rapid decline of ground squirrel abundance intAagLEITNER 1988, FOFFMANN 2002,
HOFFMANN et al. 2003a). Hence, the species is listed aargeted since 1984 ABER
1989) and classified IUCN vulnerable KKSTUFEK 1999). The -current situation
dramatically differs from that during the first hadf the 2¢" century, when ground
squirrels were regarded an agricultural pest anal kcommunities paid rewards for their
ears and tails 8TzENBERGER& BAUER 2001, pers. comm. of local residents at one of the
study sites). The decrease of ground squirrel adrucelis apparently linked to an increase
of urbanisation which restricted ground squirrelpgi@ations in Austria to isolated
fragments, where altered environmental conditigogear to affect individual life history
traits as well as population dynamicsof#MANN 2002, HOFFMANN et al. 2008). Thus,
though in suburban environments ground squirrel regggions commonly exhibit
conspicuous densities (MEes! et al. 1999, BER 1996) it is assumed that those areas
represent rather suboptimal refugees than optinaditdts. Although anthropogenic
influence virtually has beneficial effects, likeetlpossible provision of additional food
resources, increased attraction of predators duggto density and population isolation
may lead to a higher vulnerability of these colsrn(ldoFFMANN et al. 2008).

© Boswarth

Fig. 1: The European ground squirrdpermophilus citellys a middle-sized, diurnal
rodent.



2.2 Biology

European ground squirrels live in loosely struadumelonies or “aggregations” (sensu
ARMITAGE 1981). They undergo a pronounced endogenous aoycial with 6-7 month of
hibernation. Body mass is dimorphic between seaad, strongly depends on age and
annual cycle, varying from 150 g for yearling fepsmahfter emergence from hibernation to
>400 g for males at the end of the active seastwe. dctive period sets off with the
emergence of adult males in early March, and yegsliof both sex classes emerge
together with adult females (MEsI et al. 1999). Since the latter, in contrast toeoth
Spermophiluspecies (McHENER 1984), are the first to start hibernation in autynhey
have a longer hibernation period and higher ovevimass loss than males. The last to
immerge are the juveniles, which have a lower bodgs than adults at the onset of their
yearling season, but catch up with them until the ef the summer (MLES!I et al. 1999).
The ground squirrels’ diet is predominantly vegetar with different herbal species, but
occasionally includes also small insectBi{3ENBERGER& BAUER 2001, pers. obs.).
Females typically reproduce as yearlings showiggssof gestation and lactation {BER

et al. 1999, M.LESI et al. 1999), whereas in males, sexual maturitylmadelayed to the
following year, as indicated by non-descendinget®sin contrast to other ground squirrel
species, it is assumed that females only mate aviingle male (MLESI et al. 1998).
Mean litter size has been described to be aboand females have only one litter per year
(MILLESI et al. 1999). Maximum life span was found to bewtl8 years for males and 5
years for females (MLEsI et al. 1999). The plasticity of the life-historgaptations has
been shown to be remarkable in this speciesFMANN 2002), and some characteristics
are apparently density-dependend@AMANN et al. 2003b).

2.3 Research aims

This study was part of a 3-year research projettlesh European ground squirrels in
Cultivated Landscapes: Ecological, Behavioural arigkenetic Adaptations in an
Endangered Specieded by llse E. Hoffmann (Department of BehaviouBEiblogy,
University of Vienna). The project aimed at prowgliinformation on the dynamics of
free-ranging ground squirrel aggregations in Aas@nd their interdependencies with
human-induced environmental changes, necessargrfoeffective conservation of this
species. To investigate the ground squirrels’ raspdo anthropogenic habitat usage and
degradation, five focal populations, inhabitingfeliént habitats on a degree form nearly
natural to strongly altered, were studied over ge&period in an interdisciplinary
approach, including ecological, demographical, piggical, genetic and behavioural
analysis. As part of this project, a study on haoargges of European ground squirrels was
conducted in the two most extreme habitats to imyat® potential effects of habitat
alteration on space use. Data on home-range size asoliected during the field season in
2008 using radiotelemetric methods.

European ground squirrels represent a beneficiadeinorganism to study behavioural
responses to habitat changes. The species remesetypical faunal element of the
pannonian region, but as a consequence of antheopoand use, has increasingly settled
in suburban areas, where it is exposed to a rahdmiman-induced limiting factors of
gradual effectiveness towards which populationshéglly sensitive (lFFMANN 2002).
Hence, different populations apparently exposedvdoying degrees of environmental
changes can be found. Insights gained from studireground squirrels can serve as
models for other small mammals, for example, EuaopbamstersQricetus cricetuks
Like ground squirrels, they have increasingly setih close association with humans and
their ability to deal with the challenge of modégindscapes will be crucial for the species’
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future fate. Conclusion from studies on habitagfnentation are applicable across taxa,
e.g. evidence for space use responses to hakaigiméntation of root voledMicrotus
oeconomus were used as a model for a bird species, thercaiie grouse Tetrao
urogallus Ims et al. 1993). Furthermore, ground squirrels atberaeasy to trap and
handle (which is especially important when operatwmith small radiotransmitters that
have limited batteries and must be taken off ire)inand their diurnal activity facilitates
field work, allowing extensive data acquisition $éde on time scales amenable for field
research. Lastly, the European ground squirref'igship species” with a public appeal.

Ground squirrels dwelling on anthropogenically uefhced small habitat patches face a
variety of interrelated conditions capable of iatgmg with their movement behaviour:
When habitat patches are restricted in size, spacemes a limited resource. This might,
predominantly via an increase in competition, iaflae not only the socially mediated
distribution, but also the home-range size of afsm&econdly, the aforementioned
elevated population densities commonly found irugrbsquirrel populations in suburban
environments presumably increase space limitatioth @ompetition for resources and
mates, but at the same time also the number oflpjessates in close proximity. A male
mating tactic that is successful when females @edly scattered might be less feasible in
high-density populations, afflicting the size oktmales’ home ranges. If the habitat is
saturated, high densities should promote disp€8saNsSETH& LIDICKER 1992), but if the
habitat is isolated and a dispersing individual hawhere to go, saturation dispersal is
possibly hindered. Another factor involved with idensities is an elevated attraction of
predators. Though per capita predation pressurenoialge higher than in populations with
lower densities (BHN 1990), the mere presence of predators may motarateals to limit
the time they are exposed to them by reducing apoued movements. Presence of
humans or cars may have a similar effect, gengragintrade-off between ‘predator’
avoidance and resource useL(G& SUTHERLAND 2000).

Though the ground squirrels’ diet is not very specdifferent food resources may vary in
their nutritional value (BNNET 1999). Anthropogenic activities may alter the hefs
plant composition and distribution of food resosroeither facilitating or complicating the
allocation of high-quality food. In European groumsduirrels, as hibernating small
mammals, the limited active season causes additeregetic and temporal constraints.
Mating, gestation and weaning of the young haveodour in a limited time period
allowing juveniles to complete growth and fattenprgr to hibernation.

To yield insights on the potential effects of habithanges on the animals’ space use, we
studied home ranges of European ground squirrdlseitwo most extreme study sites; the
nearly natural one, a secondary steppe, and thevibineéhe highest anthropogenic impact,
an alfalfa meadow, subjected to isolation, fragragom of the surroundings, alteration of
the vegetation and presence of humans. Home ramges compared between the two
habitats and sex and age differences were examined.



3 Field study: Home ranges of European ground squirrks
(Spermophilus citellus) in two habitats exposed to different degrees of
human impact

TURRINI T., BRENNER M., HOFFMANN I., MILLESI E., 2008: Home ranges of European
ground squirrels §permophilus citellysin two habitats exposed to different degrees of
human impactLynx 39: 323-332.

3.1 Abstract

Because of habitat loss and alteration, Europeanngr squirrel populations in Austria are
increasingly restricted to isolated fragments, whé&iowever, they can reach conspicuous
densities. To investigate potential effects of tatbalteration and population density on
space use, we radio-collared comparable numberadofiduals at two different study
sites; a secondary steppe with relatively low agbgenic influence and a highly altered,
isolated alfalfa meadow. Subsequently, individuabvements were recorded during
approximately one week. Home ranges were compaelen the two study sites and sex
and age differences were examined. Juveniles covarger areas in the secondary steppe,
where population density was relatively low Xhyear-old individuals, mean home ranges
did not differ between the two habitats, althouggytexhibited high individual variation in
the secondary steppe. At either of the study sitesex difference in home-range size was
found. In addition, minimal and maximal distancesved were calculated. One yearling
male with scrotal testes in the secondary stepppedied from its original home range,
moving about 750 m. We conclude that habitat chiaratics affect space use in juvenile
individuals. Since juveniles are the ones bengfitmost from selective foraging to
promote growth and fattening quality and distribatiof food resources probably
accounted for differences in home-range size atwbestudy sites. Furthermore, variances
in population density and predator presence cowldehcontributed to the observed
movement patterns.

3.2 Introduction

Over the past decades there has been a dramatigecha European ground squirrel
abundance in Austria and the species that was aenesl an agricultural pest during the
first half of the 28 century has been listed as endangered since B8R 1989).
Urbanisation and habitat destruction have restticggound-squirrel aggregations to
isolated habitat fragments, which increasingly laokridors allowing movements between
those patches f8rZzENBERGER& BAUER 2001). At the same time, however, populations in
anthropogenically shaped areas have reached editragly high densities (MLESI et al.
1999). These developments have heightened the foeed better understanding of how
habitat modifications caused by humans affect patpari dynamics and behavioural traits
of ground squirrels. Since space use is strongkelil to habitat structure, it represents a
key aspect in assessing the influence of anthropogdteration on this species and hence,
in developing concepts for its conservatiomgO 1999).

Several studies on home-range size have been ccayue in North American ground
squirrels, using either direct observations (e.grRM & HARRIS 1978, MCHENER 1979,
FESTA-BIANCHET & BOAG 1982, BOELLSTORFF & OWINGS 1995) or radiotelemetric
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techniques (e.g. 'EGA 1990, $IRINER & STACEY 1991, HUBBS & BOONSTRA 1998,
HARRIS & LEITNER 2004) to locate animals. So far, however, theseldeen little research
on movement patterns Bpermophilus citellusThose studies that involved radiotelemetric
techniques were aimed at assessing circadian risytiiraboveground activity patterns by
using light-sensitive transmitters @ et al. 1999, lBFFMANN et al. 2004b) or at
investigating sex differences in predation risijwofeniles (FOFFMANN et al. 2004a), and
did not focus on determining individual home-rarsgee. In another study that examined
space use in European ground squirrels, data wbtained exclusively by direct
observation with a binocular (ER 1996). The present study is the first one pubtisioe
provide information on home-range size of Europgaound squirrels obtained with
radiotelemetric methods.

Different degrees of isolation and fragmentatiogetber with other, possibly associated,
environmental factors such as availability andrdistion of food resources and predation
pressure may generate variances in movement behlmawiross populations. At the
individual level, sex, age, body condition and cejuctive state may affect an animal’s
space use. In this paper, we present results orednange sizes of juvenile and older
European ground squirrels in two habitats exposedifferent degrees of anthropogenic
influence. We aimed at determining effects of ratbitharacteristics and population
density on movement behaviour in European groundtreds and examined potential sex
and age differences.

3.3 Material and Methods

Study areasThe study was conducted from late March to eadgust 2008 and involved
two populations of European ground squirrels irtexasAustria. The distance between the
two study sites is about 58 km, and human actw/itiave subjected them to different
degrees of disturbance.

The first study area, a secondary steppe (47° 48.6% 33’ E), is located west of Lake
Neusiedl at an elevation of 164 m a. s. |. It engasses about 100 ha (Fig. 2); data were
collected on a focal area of 7 ha. The area wad egelusively as a pasture until the
1930s, when it was turned into an airfield and gigavas subsequently reduced. In the
1990s, flying activities were shut down, and fooatl0 years human activities have been
restricted to mowing the dry grassland once in semand occasionally letting sheep
graze on it in winter. Surroundings of the grasdlame hardly fragmented; dust roads,
small fields and vineyards provide connections awdridors to numerous adjacent
European ground squirrel habitats. There are oaeabkdisturbances by cars and walkers
with dogs, but mainly at the edge of the area. ldemee considered this area as nearly
natural.

The second study site, an alfalfgdicago sativd..) meadow, is located at Falkenberg in
the north of Vienna (48° 18’ N, 16° 22’ E) at aeation of 318 m a. s. |. The study was
carried out on a focal area of 1 ha that was pgaat@a 5 ha (Fig. 2) habitat fragment with
substantial human impact. The fragment is bordéngedvoodland; a huge conventional
vineyard, arable fields and a transmitting statianse further isolation of the focal ground
squirrel colony. The plant composition of the forngeassland was severely altered some
years ago when a farmer sowed the alfalfa. Eveagihdhe meadow is mown repeatedly,
this element has dominated the vegetation everesikioreover, the area belongs to a
region popular for recreational excursions and bgiresence of humans, often with dogs,
is almost permanent. Population density (N/ha) determined by the total number of
nonjuveniles captured and/or observed per aregadtabout 9 individuals/ha in the steppe
and 43 individuals/ha in the alfalfa meadow.
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Fig. 2: Aerial views of the two study sites (definey the red line), the secondary steppe
(left) and the alfalfa meadow (right).

Field study At both study sites, animals were captured witm&hawk life traps or with
self-made tube traps, the latter were preferabgdusr juveniles. The traps were baited
with hazelnut cream, peanut butter, carrots antee. Because of the high vegetation in
both study areas, especially in midsummer, it wadeasible to distribute the traps evenly
across the sites but set them at observable |losatithe traps were checked at 15 min-
intervals and for all captured ground squirrelsybatass, age, sex, and reproductive state
were recorded. We classified individuals born ia yfear of the study as juveniles; older
individuals were classified as nonjuveniles. Malege categorised as reproductive when
testes were scrotal and as nonreproductive whéestesere abdominal. In females, size of
the vulva and the teats were used to determinehgh#étey were pregnant or lactating, i.e.
reproductively active (MLESI et al. 1999). Of all collared nonjuveniles, ontyeomale in
the steppe was nonreproductive. Since this indalidlispersed from its original home
range during the radiotracking period, it was edellifrom the home-range analysis.

After capture, nonjuvenile as well as juvenile grdwsquirrels were equipped with ATS
radiocollars weighing about 3 g, which even for puyas less than 2% of the animals’
body mass. Original nitrile collars were cut, aatex was inserted to prevent strangling
and to ensure that in case of no recapture orgofsioss the latex would disintegrate and
the collar would fall off. Additionally, ground satels were marked individually with
conventional hair dye (Hair Culture intensiv). Sedpsently they were located with a
portable receiver (Telonics TR2+TS1, AVM LA12-Q)eeected to a handheld H-antenna
and earphones. In the alfalfa meadow, direct observ with a 10x40 binocular
additionally allowed to record movements of thenzals, whereas in the steppe, the size of
the area and the pronounced height of the vegetatisually disabled individual
recognition from the distance. From late March td May we fitted 12 nonjuveniles (8
males and 4 females) with transmitters in the steppd 8 nonjuveniles (5 males and 3
females) in the alfalfa meadow. In July, juvenilgere radiocollared: 8 individuals (4
males and 4 females) in the steppe and 9 indiwd{famales and 4 females) in the alfalfa
meadow.

After being collared, each individual was radiokmeda for several hours on successive days
until the mean percentage home-range size begatalnlize (NORBURY et al. 1998).
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Signal range varied intensively with height and giignof the vegetation as well as with
weather conditions, and was between 30 and 200smdapending on the position of the
collared animal (above- or underground). Interviaégween subsequent bearings were
about 30 minutes. Within this period ground squsreiould be able to traverse their entire
home ranges, a criterion recommended by & GARROT (1990) for independency of
two fixes. At both sites, coordinates of locatiomsre obtained on a 15x15 m grid to the
nearest 4 m. In the alfalfa meadow, topographitufea such as the adjacent wood, paths
or bushes made additional landmarks obsolete,rbthd steppe coloured wooden stakes
were placed at 60 m intervals with the help of aSG&armin etrex) where no other
structures for orientation were available.

On average, the animals were recaptured after 313#ays and their collars were
removed. Since battery life was about 30 days, taaresmitter could be used for several
trials. On average, 69.5+22.2 locations were remrdr nonjuveniles and 56.8+10.3 for
juveniles, the minimum number was 16 and the mamimmumber was 104. One male
individual from the alfalfa meadow that was notioadllared but frequently spotted with
the binocular and identified by its individual famark was also included in the analysis.
The analysis of home-range size was carried ouguRANGES6 software (BNWARD et

al. 2003), and home ranges were calculated witdl@0nimum convex polygons (MCP).
In spite of its tendency to overestimate home-rasiges, we chose this method because of
its comparability with other studies and relativabustness when operating with low
sample sizes (kRRIS et al. 1990). Since the bearings were not obtagoedinuously but
for several hours daily and therefore the outlyimecations did not necessarily lie beyond
the main activity area of an individual, all locats where individuals were radio-tracked,
trapped

or observed during the collared period were useght@e or observation data from other
periods were excluded from the analysis to avoidrestimation of home-range size in
cases of individuals that had shifted their hommeyeaduring the active season, particularly
with regard to the fact that we frequently locaé@dmals by sighting throughout the season
in the alfalfa meadow but could hardly obtain okagonal data in the steppe. Hence, the
calculated home ranges represent the space colgrgobund squirrels at a certain time
interval. In addition to home-range size, home-eaisgan, i.e. the maximum distance
between any two locations obtained for one indigldwas analysed.

Statistical proceduresStatistical procedures were carried out usingSflease 15.0, ©
SPSS Inc. Chicago/USA, 2006) software. Differenaeshome-range size and span
between groups were examined for significance iygusann-Whitney U tests. The p-
value was corrected for multiple comparisons usirggBonferroni adjustment: We applied
a corrected significance level of p=0.008 for tdmtveen sites and p=0.01 for tests within
sites. All tests were two-tailed. Means=SD are give
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3.4 Results

Animals in the steppe differed in their movemenhdagour from those in the alfalfa
meadow: In the nearly natural habitat, home ranga® significantly larger compared to
that with higher anthropogenic influence (Table This difference disappeared when
sexes were analysed separately, but separatddeste two age classes revealed that the
general site effect arose from a significant ddfeze within juvenile individuals, while
nonjuvenile individuals had similar home rangethattwo study sites (Table 1, Figs. 3, 4).
In juveniles, the difference between study sitsspipeared when the sample was restricted
to one sex (Table 1). When we examined differethetaeen age groups within each site,
we found that home ranges did not differ in sizéewlkeen juvenile and nonjuvenile
individuals, in the alfalfa meadow (P=0.965, U=4%) well as in the steppe (P=0.160,
u=27).

At either of the two study sites, home ranges oflesiand females did not differ
significantly, neither when all animals were incdddin the analysis, nor when age classes
were analysed separately (steppe both age claBs@s869, U=42, juveniles: P=0.773,
U=7, nonjuveniles: P=0.450, U=10, alfalfa meadowvthbage classes: P=0.026, U=14,
juveniles: P=0.08, U=3, nonjuveniles: P=0.197, Us49, Table 1). As home ranges were
similar between sites in nonjuveniles, data from $keppe and the alfalfa meadow were
pooled for a comparison of males and females, whigs not significant (males:
0.318+0.085, n=13, females: 0.245+0.102, n=7, F31).U=29).

Steppe Alfalfa Statistics

Both sexes  0.448+0.332(n=19) 0.175+0.081(n=18) Wk P =0.003
juvenile 0.518 £ 0.296 (n = 8) 0.183 + 0.100 (n=9) U="P=0.005
nonjuvenile 0.397 £0.361(n=11)  0.166 + 0.060 (n = 9) U =P1=0.160

Males 0.435+0.322 (n=11)  0.205+0.091 (n=11) U8 P =0.033
juvenile 0.436 £0.213(n=4)  0.232+0.115 (n = 5) U=4 =0.142
nonjuvenile 0.435+0.387 (n=7) 0.182 + 0.069 (n = 6) U=1=0.116

Females 0.465 £ 0.368 (n = 8) 0.127£0.018 (n=7) U =12=0.064
juvenile 0.600 £ 0.377 (n=4) 0.123+£0.023 (n =4) U=0 =0.021
nonjuvenile 0.330 +0.300 (n = 4) 0.132+0.010 (n=3) U =6 = P.000

Tab. 1: Mean (= SD) home ranges of European gregudrels [ha] in two habitats during
periods of about one week duration from March fy fu2008. Bonferroni-corrected level
of significance: P = 0.008.

In the steppe, the minimum home-range span was 7ih juveniles and 39 m in
nonjuveniles, and the maximum home-range span B88sn8in juveniles and 203 m in
nonjuveniles. In the alfalfa meadow, home-rangenspaged between 40 m and 136 m in
juveniles and between 45 m and 93 m in nonjuvenideerences between groups were
consistent with the home-range size data, i.e. wdlemdividuals were included in the
analysis, it turned out that in the steppe groupdreels moved longer distances than in the
alfalfa meadow (P=0.001, U=68, steppe: n=19, afatieadow: n=18). Separate tests for
age classes were significant for juveniles (P=0.0057, steppe: n=8, alfalfa meadow:
n=9), but not for nonjuveniles (P=0.063, U=25, pem=11, alfalfa meadow: n=9).
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In the steppe, we were able to document one diapevent in a nonjuvenile individual:
one nonreproductive male yearling moved about 75@neh subsequently established a
new home range at the edge of the grassland adolsenhan settlements, but was directly
observed to be killed by a housecat 5 days lateis ihdividual was not included in the
home-range analysis, given that it had permandsitiyts original home range.

1.4

1.2 - * o — steppe
= alfalfa
< 1.0
S
2 0.8 -
©
o 0.6 -
=
o 0.4
I

0.2 - @ @

0.0

juv nonjuv

Age

Fig. 3: Differences in home-range size between thtbiwithin age classes. Juvenile
individuals at the secondary steppe used more spse individuals at the alfalfa
meadow, whereas home ranges of nonjuveniles wergasibetween study sites (* p <
0.008, for details see Tab. 1).

150 m

Fig. 4. Home ranges of nine juveniles at the adfatfeadow (left) and eight juveniles at the
steppe (right).
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3.5 Discussion

This research attempted to determine home-rangs sizEuropean ground squirrels and
to investigate effects of habitat structure, agd aex. Home ranges of juveniles were
larger in the steppe than in the alfalfa meadovd distances travelled were longer. In
nonjuveniles, even though mean home-range sizeersteppe more than doubled that in
the alfalfa meadow (Table 1), the difference watssignificant, due to the high individual
variation in the steppe (Fig. 3).

Home ranges of adult Arctic ground squirrepérmophilus parryji were smaller on
food-supplemented grids compared to non-supplerdegtels (HUBBS & BOONSTRA
1998), and a study on eastern chipmurikanfias striatuy another burrowing sciurid
species, revealed similar resultsAiEs & LACHER 1987). In rock squirrelsS( variegatups
the temporal decrease of home ranges met the periadhich several plants produced
seeds the animals feed onR@GA 1990). Though mere plant biomass was not obviously
different at the two sites in our study, qualitydgmrobably distribution of food resources
may have affected the ground squirrels’ movemertitabieur. Mean body mass of
nonjuveniles was higher in the alfalfa meadow comgdo the steppe (bFFMANN et al.
2008), indicating that alfalfa is a nutritious fomburce for ground squirrels. This
assumption is supported by reports on North Amariarichardsoniicausing substantial
damage to alfalfa fields through feeding and bumgw(YENSEN & SHERMAN 2003,
JOHNSON-NISTLER et al. 2005), and the finding that the growth raflejuvenile S.
columbianuswas enhanced on sites with higher forb versussgcastent in the forage
supply (BENNETT 1999). We therefore assume that alfalfa motivgtesind squirrels to
stay where it is abundant, in this way reducingdistance they travel to get to it, which
also means reducing the time they are exposedetapors (lMA & DiLL 1990). In the
steppe, on the other hand, the vegetation was daetrby presumably less nutritioBea
spp, and in addition appeared less homogeneous, fdtgmnducing ground squirrels to
move around more in order to exploit different faedources. Some travels of juveniles
were directed towards a grain field located wedhefgrassland (Fig. 4), where nutritious
crops were available. Young animals benefit froned&e foraging to promote growth
and fattening, and thus, additional food resourcay be the reason for increased home
ranges in the steppe. As body-mass gain is especraicial for juveniles (WBER et al.
2001) we probably did not observe the same paittemonjuveniles.

Population density in the alfalfa meadow was alngosines higher than in the steppe. The
experimental manipulations of food availability anmbpulation density in eastern
chipmunk populations suggested that home-rangev&®sedetermined rather by resource
abundance than by density ARES & LACHER 1987). Although lBBS & BOONSTRA
(1998) discuss the possibility that increased dgrisrces animals to reduce their home
ranges in order to reduce conflict with conspesifithiey expect that the same is true for
Arctic ground squirrels. Nevertheless, high popatatiensities attract predators. Although
not recorded quantitatively, raptors were lessuesdly observed in the steppe than in the
alfalfa meadow, where almost every day after jueeamergence a kestrel killed a pup.
Moreover, in the alfalfa meadow the numerous visitspeople with dogs may alert
animals. Altogether, this presumably leads to iaseel frequency of alarm calls which
possibly deters juveniles from covering long dis&s aboveground. This interpretation
conflicts with the study of bBBs & BOONSTRA (1998), where predator exclusion had little
effect on home-range size. However, this resulttniesconsidered with caution since
predation by raptors could not be totally inhibitad in any case, avian predators could
still be spotted by the ground squirrels.

In our study, the only individual in which dispdrs#as observed was a male yearling in
the steppe. Since it was not sexually mature, @sabiour falls within Greenwood’s
definition of natal dispersal as the permanent dapaof a prereproductive animal from
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its birth site (REeNwooD 1980, adopted by dlLeEkamP 1984). As far as juveniles are
concerned, we attribute the lack of observationsdividuals permanently leaving their
natal places to relatively short radiotracking pds. Nevertheless, different movement
patterns in juveniles recorded at the two studgssihay indicate differences in dispersal
rates. Although natal dispersal was described turowithin short time periods in some
Spermophilusspecies (QANSTROM 1971, BOAG & MURIE 1981), HOLEKAMP (1984)
found that juvenile Belding’s ground squirrelS. (beldingi explore their habitat after
emergence and gradually expand forays prior to aeemtly leaving their natal area. A
former study by IBFFMANN et al. (2004a) indicated similar patterns $rcitellus Given
that natal dispersal is not necessarily a singénelut presumably rather a process during
which a prereproductive ground squirrel gradualipands its home range prior to
permanently departing from its natal site, theatghce in home-range size of juvenile
animals between the two study sites suggests #iat dispersal is less pronounced in the
alfalfa meadow compared to the steppe. This iscoom@ance with the findings of low
dispersal rates in high-density vole populatioktéc(otus spp. e.g. 3NDELL et al. 1990,
MCGUIRE et al. 1993, ADREASSEN& IMs 2001).

The loss of suitable habitats in the surroundingd$gape could be another factor
influencing movement behaviour of ground squirréds the alfalfa meadow. The
population is restricted to a 5 ha habitat fragm#rdt is furthermore bordered by
woodland, which hinders animals from leaving inrekaof other suitable patches. Hence,
pronounced one-way movements, like the one observdt yearling male in the steppe,
are hardly possible in the alfalfa meadow.

Our study did not offer support for sex differendasspace use in European ground
squirrels. Since it has been reported that reptoduenales enlarge their home ranges
during the mating period (M8ER 1996, MLLESI et. al. 1998), potential sex differences in
movement behaviour of nonjuveniles might have bmmrcealed in our study because we
were not able to analyse seasonal patterns in gfs&cdue to limited sample size and short
radiotracking periods. In juveniles, male-biasespdisal, common in many related species
(HoLEkAMP 1984, QSON & VAN HORNE 1998, B'ROM & KREBS 1999, DEVILLARD et al.
2004), was not indicated by sex differences in hoamge size.

Regarding absolute home-range size, ground scuirmel the studied areas used
considerably more space than calculated in aneeatfudy close to one of the field sites
(HUBER 1996). We assume that these differences are dtretdifferent methods of data
collection. HUBER used direct observations and the sample wasatestrio a 1 ha focal
area, leading to an exclusion of individuals legvinom it, whereas in this study the
application of radiotelemetric techniques allowed follow the animals’ movements
beyond the focal area. Also in North American rosfjuirrels, studies involving
radiotelemetric methods E@EGA 1990, $IRINER & STACEY 1991) revealed that home
ranges were considerably larger than reportedeeaulsing direct observation methods
(JoHNSON 1981). However, it cannot be excluded that WBER's study high food quality
provided by the rich meadow and the extraordindmilyh population density (up to 100
individuals/ha) could have contributed to reducethb-range size.

Because of different sampling and home-range catiom methods, comparisons between
S. citellushome-range sizes and those of North American awargeare limited. It appears
that absolute home ranges of European ground stpunesemble those of nonjuvensie
beecheyi (BOELSSTORFF & OWINGS 1995), S. richardsonii (MICHENER 1979), S.
columbianus(females: MRIE & HARRIS 1978, males: ESTA-BIANCHET & BOAG 1982)
and females. mohavensi@HARRIS & LEITNER 2004), wherea$. parryii(on grids without
food supplementation, bBS & BOONSTRA 1998),S. variegatugORTEGA 1990, $IRINER

& STACEY 1991) and mal&. mohavensi@ARRIS & LEITNER 2004) cover larger areas.
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We conclude that anthropogenic activities at onelystsite, namely the alteration of the
vegetation and the isolation of the habitat, wére teason for smaller home ranges in
juveniles, probably acting through changes in adity of high-quality food and
population density. Different frequencies of predairesence may have contributed to the
observed patterns. However, further data are nages$s elucidate the effects of habitat
fragmentation and isolation on the movement behaviud European ground squirrels in
order to define implications for the species’ comagon management. Also, sex
differences in home-range size and dispersal rasswell as changes in space use
throughout the season, need to be clarified.

15






References

ANDREASSENH.P.& IMS R.A., 2001: Dispersal in patchy vole populationsieRof patch
configuration, density dependence, and demograptglogy, 82 2911-2926.

APPOLONIOM., BASSANO B., MUSTONI A., 2003: Behavioral aspects of conservation and
management of european mammals. In: Festa-Bianbhet Appolonio M. [eds.]:
Behaviour and conservatiofsland Press, Washington: 157-170.

ARMITAGE K.B., 1981: Sociality as a life-history tactic afogind squirrelsOecologia 48:
36-49.

BAUER K. (ed.), 1989Rote Listen der gefahrdeten Vogel und Saugetieteregchs und
Verzeichnisse der in Osterreich vorkommenden AiRad List of threatened Birds and
Mammals in Austria and index of spegig9sterreichische Gesellschaft fiir Vogelkunde,
Wien, 59 pp. (in German).

BENNETTR.P.,1999: Effects of food quality on growth and survViggjuvenile Columbian
ground squirrels§permophilus columbianusCan. J. Zool.77: 1555-1561.

BOELLSTORFFD.E. & OwINGs D.H., 1995: Home range, population structure, goatial
organization of California ground squirrels.Mamm, 76: 551-561.

BoaG D.A. & MURIE J.O., 1981: Population ecology of Columbian growadirrels in
southwestern Albert&Can. J. Zool.59: 2230-2240.

BURT W.H., 1943: Territoriality and home range concegss applied to mammals.
Mamm, 24: 346-352.

BYROM A.E. & KREBSC.J., 1999: Natal dispersal of juvenile Arctic gndusquirrels in the
boreal forestCan. J. Zool.77: 1048-1059.

CAROT., 1999: The behaviour-conservation interfadends Ecol. Evol14: 366-369.
CLOBERT J., FRAPOINT M. DE, DANCHIN E., 2008: Evolution of dispersal. In: Danchin E.,
Giraldeau L-A., Cézilly F.Behavioural EcologyOxford University Press, Oxford, 323-
359.

DeHN M.M., 1990: Vigilance for predators: Detection atitlition effects.Behav. Ecol.
Sociobiol, 26: 337-342.

DEVILLARD S.,ALLAINE J.-M. G., PONTIER D., 2004: Does social complexity lead to sex-
biased dispersal in polygynous mammals? A test rmungl-dwelling sciuridsBehav.
Ecol, 15: 83-87.

DixoN K.R. & CHAPMAN J.A., 1980: Harmonic mean measures of animal agtareas. In:
Ecology,6: 1040-1044.

16



ERLINGE S., HOOGENBOOMI., AGRELL J., NELSON J., SANDELL M., 1990: Density-related
home-range size and overlap in adult field voMgotus agrestri¥ in Southern Sweden.
J. Mamm, 71: 597-603.

FESTA-BIANCHET M. & BoAG D.A., 1982: Territoriality in adult female Columipiaground
squirrels.Can. J. Zool.60: 1060-1066.

GILL J.A. & SUTHERLAND W.J., 2000: Predicting the consequences of humstnriance
from behavioural decisions. In: Gosling L.M. & Settand W.J. [eds]Behaviour and
conservationCambridge University Press, London: 51-64.

GREENWOODP.J., 1980: Mating systems, philopatry, and disdersbirds and mammals.
Anim. Behay.28: 1140-1162.

HANsKI 1., 1998: Metapopulation dynamics. Nature 396 41-49.

HARESTAD A.S. & BUNNEL F.L., 1979: Home range and body weight — a reevialua
Ecology 60: 389-402

HARRIS S., CRESSWELL W.J., FORDE P.G., TREWHELLA W.J., WOOLLARD T., WRAY S.,
1990: Home-range analysis using radio-tracking data review of problems and
techniques particularly as applied to the studpnafmmalsMamm. Rev20: 97-123.

HARRIS J.H. & LEITNER P., 2004: Home-range size and use of space by &thliave
ground squirrelsSpermophilus mohavensls Mamm, 85: 517-523.

HoOFFMANN LLE., 2002:The case of the European ground squirrel. Poputatignamics
and plasticity of life-history traits in a suburbaanvironment.Ph.D. dissertation,
University of Vienna, 110 pp.

HOFFMANN L.E., MILLESI E., PIETA K., DITTAMI J.P., 2003a: Anthropogenic effects on the
population ecology of European ground squirr@pgrmophilus citellysat the periphery
of their geographic rang&amm. Biol.68: 205-213.

HOFFMANN LE., MILLESI E., HUBER S., EVERTS L.G., DiTTAMI J., 2003b: Population
dynamics of European ground squirre&pérmophilus citellysin a suburban areal.
Mamm.,84: 615-626.

HOFFMANN LE., Muck E., MILLESI E., 2004a: Why males incur a greater predation risk
than females in juvenile European sousl®&pdrmophilus citellysin: Lutra, 47: 85-94.

HOFFMANN L.E., GRUBERM., MILLESI E., 2004b: Application of a radio-tracking techrequ
to determine maternal effort during lactation inr&aean ground squirrelSpermophilus
citellus). Adv. Ethol. 38: 107.

HOFFMANN |.LE., TURRINI T., BRENNER M., 2008: Do European Ground Squirrels

(Spermophilus citellysin Austria adjust their life history to anthropogc influence?
Lynx 39: 241-250.

17



HoLeEkaMP K.E., 1984: Dispersal in ground-dwelling sciuridis. Murie J.O. & Michener
G.R. (eds.):The biology of ground-dwelling squirrel®Jniversity of Nebraska Press,
Lincoln and London 1984, 459 pp.

HusBs A.H. & BOONSTRAR., 1998: Effects of food and predators on the hoange sizes
of Arctic ground squirrelspermophilus parryji Can. J. Zool.76: 592-596.

HuBer S., 1996: Lebensraumnutzung, Verhalten und ihre Bedeutung die
Fortpflanzungsbiologie beim Europaischen Ziesele(8wphilus citellus citellus) [Space
use, behaviour and their relevance for reproduciiothe European souslik (Spermophilus
citellus citellus)] Ph.D. dissertation, University of Vienna, 99 gm German, with a
summary in English).

HUBER S.,MILLESI E., WALZL M., DiTTAMI J.,ARNOLD W., 1999: Reproductive effort and
costs of reproduction in female European groundrsais. Oecologia 121 19-24.

HUBER S., HOFFMANN I.E., MILLESI E., DiITTAMI J.P.,ARNOLD W., 2001: Explaining the
seasonal decline in litter size in European grosgdirrels. Ecography 24: 205-211.

HUT R.A.,VAN OORTB.E.H.,DAAN S., 1999: Natural entrainment without dawn and dusk
The case of the European ground squirBgdermophilus citellysJ. Biol. Rhythms14:
290-299.

IMs R.A., RoLsTAD J., WEGGE P., 1993: Predicting space use responses to habitat
fragmentation: Can voleMlicrotus oeconomuserve as an experimental model system
(EMS) for capercaillie grousé&eatro urogallusin boreal forestBiol. Consery,. 6: 261-

268.

JOHNSON K., 1981: Social organization in a colony of rocgusrels Spermophilus
variegatus Sciuridae)Southw. Nat.26: 237-242.

JOHNSON-NISTLER C.M., KNIGHT J.E., CAsH S.D., 2005: Considerations related to
Richardson’s ground squirreSpermohilus richardsorjiicontrol in MontanaAgron. J,
97: 1460-1464.

KELT D.A. & VAN VUREN D., 1999: Energetic constraints and the relatigndigtween
body size and home range area in mamniadslogy 80, 337-340.

KENWARD R.E.,SOUTH A.E. & WALLS S.S., 2003Ranges6: For the analysis of tracking
and location dataOnline Manual. Anatrack Ltd., Wareham.

KRYSTUFEK B., 1999: Spermophilus citellus (Linnaeus, 1766). INTGAHELL-JONES A. J.,
AMORI G., BogbANoOwICz W., KRYSTUFEK B., REIUNDERSP. J. H., 8ITZENBERGERF.,
STUBBLE M., THISSEN J. B. M., VOHRALIK V., ZIMA J. [eds.]: The atlas of European
mammals. Academic Press, London, 190-192.

LAURANCE W., LoveJoY T., VASCONCELOSH., BRUNA E., DIDHAM R., STOUFFER P.,

GASCON C., BIERREGAARD R., LAURANCE S., SAMPAIO E., 2002: Ecosystem decay of
Amazonian forest fragments: A 22-year investigatioonserv. Biol.16: 605-618.

18



LAWSONHANDLEY L.J.& PeERRINN., 2007: Advances in our understanding of mammalia
sex-biased dispersdlol. Ecol, 16: 1559-1578.

LEITNERM., 1988: Ziesel gpermophilus citellysIn: SPITZENBERGERF. [ed.]:Artenschutz
in Osterreich[Conservation in Austria]. Grine Reihe des BM fimwelt, Jugend und
Familie, Wien8: 177-179.

LiMA S.L. & DiLL L.M, 1990: Behavioral decisions made under the riskretigtion: A
review and prospectu€an. J. Zool.68: 619-640.

MARES M.A. & LACHER T.E. JR., 1987: Social spacing in small mammals: Paitedn
individual variation Amer. Zool,. 27: 293-306.

McGUIRE B., GETz L.L., HOFMANN J.E.,PizzuTo T., FRASEB., 1993: Natal dispersal and
philopatry in prairie volesMicrotus ochrogastérin relation to population density, season,
and natal social environmeiehav. Ecol. Sociobigl32: 293-302.

McNaB B.K., 1963: Bioenergetics and the determinatiohahe range sizédm. Nat, 97:
133-140.

MICHENER G.R., 1984: Age, sex and species differences imatimaial cycles of ground-
dwelling sciurids: Implications for sociality. Ifvlurie J.0. & Michener G.R. (eds.Tthe
biology of ground-dwelling squirreldJniversity of Nebraska Press, Lincoln and London
1984, 81-107.

MICHENER G.R., 1979: Spatial relationships and social ozgtion of adult Richardson’s
ground squirrelsCan. J. Zool.57: 125-139.

MILLESI E.,HUBERS.,DiTTAMI J.P.,HOFFMANN L.E., DAAN S., 1998: Parameters of mating
effort and success in male European ground sgsiirSgermophilus citellusEthology
104 298-313.

MILLESI E., STRIKSTRAA.M., HOFFMANN L.E., DiTTAMI J.P.,.DAAN S., 1999: Sex and age
differences in mass, morphology, and annual cycleEuropean ground squirrels,
Spermophilus citellus). Mamm, 80: 218-231.

MURIE J.0.& HARRISM.A., 1978: Territoriality and dominance in malel@mbian ground
squirrels Epermophilus columbianugan. J. Zool.56: 2402-2412.

NORBURY G.L., NORBURY D.C., HEYWARD R.P., 1998: Space use and denning behaviour
of wild ferrets Mustela furg and catsKelis catu3. NewZealand J. Eco}.22: 149-159.

ORTEGA J.C., 1990: Home-range size of adult rock squirg8fgermophilus variegatysn
southeastern Arizond. Mamm, 71: 171-176.

OLsSON G.S.& VAN HORNE B., 1998: Dispersal patterns of juvenile Townsergfsund
squirrels in southwestern Idal@an. J. Zool.76: 2084-2089.

OsTFELDR.S., 1986: Territoriality an mating system of fainia voles.J. Anim. Ecal 55:
691-706.

19



QUANTSTROM W.R., 1971: Behaviour of Richardson’s ground salsrrSpermophilus
richardsonii richardsoniAnim. Behay.19: 646-652.

SANDELL M., AGRELL J., ERLINGE S., NcLSON J., 1990: Natal dispersal in relation to
population density and sex ratio in the field valcrotus agrestisOecologia 83 145-
149.

SHRINER W.M. & STACEY P.B., 1991: Spatial relationships and dispersaiepad in the
rock squirrel, Spermophilus variegatug. Mamm, 72: 601-606.

SPITZENBERGERF. & BAUER K., 2001: Ziesel Spermophilus citellus (Linnaeu36a)
[European souslik]. Pp.: 356-365. In: Spitzenberder (ed.): Die Saugetierfauna
Osterreichs[Atlas of mammals in AustjfiaGriine Reihe des Bundesministeriums fur
Land- und Forstwirtschaft, Umwelt und Wasserwiregfthwien, 895 pp. (in German.)

SOULE M.E., 1987:Viable populations fur conservatiolCambridge University Press,
Cambridge. 189 pp.

STENSETHN.C. & LIDICKER W.Z. JR. [eds.], 1992Animal dispersal: Small mammals as a
model.Chapman and Hall, London, 365 pp.

WHITE G.C. & GARROT R.A., 1990: Analysis of wildlife radio-tracking datal® ed.,
Academic Press, San Diego, 383 pp.

WOoODROFFE R., 2003: Dispersal and conservation: A behavioysatspective on
metapopulation persistence. In: Festa-BianchetAypolonio M. [eds.]:Behaviour and
conservationlsland Press, Washington: 33-48.

WOODROFFER. & GINSBERGJ.R., 2000: Ranging behaviour and vulnerabilitgxtinction
in carnivores. In: Gosling L.M. & Sutherland W.&dE]: Behaviour and conservation
Cambridge University Press, London: 125-140.

YENSENE. & SHERMAN P.W., 2003: Ground squirrels. Pp. 211-231. In: Raider G.A.,
Thompson B.C. & Chapman J.A. (edfild mammals of north America: Biology,
management and conservatid@ohns Hopkins Univ. Press, Baltimore.

ZOLLNER P.A., 2000: Comparing the landscape level percéjatoiities of forest sciurids
in fragmented agricultural landscapkandsc. Ecal 15: 523-533.

20






Zusammenfassung

Moderne Landschaften sind von anthropogenem Emfligepragt, welcher zu
Veranderungen in der Habitatstruktur und in denrdlgefihrt hat. Habitatverlust und -
-fragmentierung aufgrund menschlicher Aktivitatetellen die Hauptursachen fir die
Gefahrdung zahlreicher Arten und die weltweite Bbdng der Biodiversitat dar.
Populationen werden auf Resthabitatflachen zuriddéget und sind dort umso
gefahrdeter, je kleiner und isolierter diese suohal stochastische Effekte in Bezug auf die
Demographie oder Genetik zunehmen. Wanderbewegungethen Populationen, die
diesen Effekten entgegenwirken koénnten, werden Hdudie Fragmentierung der
umgebenden Landschaft stark eingeschrankt oder indeth. Neben dem
Wanderungsverhalten kann auch der individuelle @gxdraum ljome rangg durch
menschliche Aktivitdten, welche primar die Umwettimgungen und sekundar die
Populationsdynamik verandern, beeinflusst werden.

In der vorliegenden Studie wurde der mogliche Esdl anthropogener
Habitatsveranderung auf den Aktionsraum des Euschén Ziesels SJpermophilus
citellus untersucht. Diese Kleinsaugerart, die ursprihgliccockenrasengebiete und
Steppen in Ost- und Siudosteuropa bewohnte, istiwass der Zerstérung ihres
naturlichen Habitats betroffen. Zieselkolonien &ndsich mittlerweile vermehrt auf
anthropogen beeinflussten Flachen wie Erholungs¢emi Industriebrachen oder
Sportfeldern. Die hohen Populationsdichten, weldhsweilen in solchen Kolonien
auftreten konnen, durfen jedoch nicht Uber die emtigine Gefahrdung des Ziesels
hinwegtauschen; in den letzten Jahrzehnten wundedimatischer Bestandesriickgang
verzeichnet und die einst weit verbreitete Art beét sich heute auf der roten Liste der
gefahrdeten Tier- und Pflanzenarten Osterreichs.

Mittels radiotelemetrischer Methoden wurden die idhksrdume von insgesamt 38
Individuen in zwei unterschiedlichen Habitaten ssta Dabei handelte es sich einerseits
um eine naturnahe sekundare Steppe sidlich vondEas#t und andererseits um eine stark
anthropogen beeinflusste Luzernwiese bei Wien, wigtetere durch eine Anderung der
naturlichen Vegetationszusammensetzung sowie dunéfige Anwesenheit von
Menschen gekennzeichnet ist. Der anthropogene usmflkommt aufl3erdem in der
Isolierung des Habitats sowie in der Fragmentierdeg umgebenden Landschaft zum
Tragen. Die Populationsdichten in den beiden Gebiainterschieden sich stark und
betrugen im Untersuchungsjahr 9 Individuen/ha im dekundaren Steppe und 43
Individuen/ha in der Luzernwiese. Die Tiere wurderLebendfallen gefangen und, nach
der Bestimmung von Geschlecht und Alter (juvenileodl Jahr alt), mit einem
Halsbandsender versehen. Anschlie3end wurde ilsgidtomehrmals taglich tber einen
Zeitraum von etwa einer Woche aufgenommen.

Zur Berechnung der Grof3e der Aktionsraume mithdés Programms Ranges6 kam die
Methode des minimalen konvexen Polygons (MCP) zunwéndung. Die
Aktionsraumgrof3en wurden zwischen den beiden Uintbrisngsgebieten verglichen und
geschlechtsspezifische Unterschiede sowie Unterdehizwischen den Altersklassen
bestimmt. Die Bewegungen von Jahrlingen und altérdividuen schlossen in der Steppe
0.397 £ 0.361 ha (n = 11) und in der Luzernwiese6®.+ 0.060 ha (n = 9) ein, jene
juveniler Individuen 0.518 £ 0.296 ha (n = 8) irr &&eppe und 0.183 + 0.100 ha (n = 9)
in der Luzernwiese. Jahrlinge und altere Individueeigten in der GroRRe ihrer
Aktionsraume keinen signifikanten Unterschied zWwest den beiden Gebieten und es
konnten allgemein keine geschlechtsspezifischenekEdf festgestellt werden. Die
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Bewegungen juveniler Individuen schlossen jedocklén sekundaren Steppe signifikant
groRere Flachen ein als in der Luzernwiese.

Vermutlich ist dies vor allem auf die unterschiedé Qualitdt und Verteilung von
Nahrungsressourcen in den Untersuchungsgebietéickaufiihren. Obwohl die Nahrung
des Ziesels relativ unspezifisch ist, kann der Néhalt verschiedener Nahrungsquellen
variieren und es gibt aus anderen Untersuchungenvéise darauf, dass Luzerne flr
Ziesel eine Nahrungsquelle hoher Qualitat darstdlie Abundanz und relative
Homogenitat der Luzerne im anthropogen beeinflms¢iabitat dirfte deshalb zu den
verminderten Aktionsrdumen in diesem Untersuchuelgeg gefiihrt haben. Da juvenile
Individuen Wachstum und Anlegung von Fettreserveeaimer limitierten zeitliche Periode
vollenden mussen, kénnen Qualitdt und Verteilungn \Futterressourcen bedeutende
Faktoren fiir das Uberleben des Winterschlafes el@st Die groReren Aktionsraume in
der Steppe werden deshalb auf selektive Nahrumagsgien zurtckgefuhrt. Diese
Interpretation wird von der Beobachtung gestiutagsdin diesem Habitat Bewegungen der
juvenilen Individuen mehrfach zu einem am Rand 8&ppe gelegenen Weizenfeld
fuhrten. AuRerdem werden eine erhOohte Anwesenhmit Rradatoren, Menschen und
Hunden sowie das limitierte Platzangebot als mébglicUrsachen fur kleinere
Aktionsradien bei Juvenilen in der Luzernwiese digkt. Obwohl anthropogene Einflisse
offensichtlich  vorteilhafte Effekte im Sinne der rBastellung zuséatzlicher
Nahrungsressourcen haben kénnen, darf nicht vengeserden, dass solche Kolonien
durch Isolation einerseits und Attraktivitat fir &Batoren aufgrund hoher
Populationsdichten andererseits dennoch stark gefgikind.
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