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Abstract Understanding wildlife movements and habitat
selection are critical to drafting conservation and manage-
ment plans. We studied a population of eastern Hermann’s
tortoise (Testudo hermanni boettgeri) in a traditionally man-
aged rural landscape in Romania, near the northern edge of
the species geographic distribution. We used telemetry to
radio-track 24 individuals between 2005 and 2008 and
performed a Euclidian distance-based habitat selection anal-
ysis to investigate habitats preferred by tortoises at both
landscapes (second-order order selection) and individual
(third-order selection) home range scales. The home range
size for tortoises in our study area was 3.79+0.62 ha and did
not differ by gender or season (pre- and post-nesting sea-
sons). Their movement ecology was characterized by short-
distance movements (daily mean=31.18+1.59 m), appar-
ently unaffected by habitat type. In contrast to other studies,
movements of males and females were of similar magni-
tude. At the landscape (population home range) scale, grass-
lands and shrubs were preferred, but tortoises also showed
affinity to forest edges. At the individual home range scale,
tortoises selected grassland and shrub habitats, avoided for-
ests, and used forest edges randomly. Creeks were avoided
at both spatial scales. Our results suggest that tortoise home
ranges contain well-defined associations of habitats despite
a higher selection for grasslands. As such, avoiding land
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conversion to other uses and maintaining habitat heteroge-
neity through traditional practices (e.g., manual mowing of
grasslands, livestock grazing) are critical for the persistence
of tortoise populations.
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Introduction

The eastern Hermann’s tortoise (7estudo hermanni subsp.
boettgeri) is a Palearctic land tortoise restricted to southeastern
Europe (Cheylan 2001). One of its northernmost populations
occupies an area of approximately 700 km? in southwestern
Romania (Rozylowicz and Dobre 2010). Despite the relative-
ly optimistic assessments regarding its European conservation
status at species level (Cox and Temple 2009), Hermann’s
tortoise populations are declining across its entire range,
mainly due to habitat loss and degradation and illegal collect-
ing for pet trade (Bertolero et al. 2011). Along with these
threats, future climate change may act synergistically to in-
crease the extinction risk for this species (Fernandez-Chacon
etal. 2011). The eastern subspecies was assessed as having an
endangered status in Romania (Rozylowicz and Dobre 2010).
Hermann’s tortoise benefits of European-level protection sta-
tus under the European Union Habitats Directive (2006/105/
EC 2006; 92/43/EEC 1992).

As a long-lived, low-turnover species, with limited dis-
persal abilities, tortoises are particularly vulnerable to hab-
itat loss and fragmentation (Pough 2004). The geographic
distribution of Hermann’s tortoise in Romania was found to
be strongly affected by conversions of land cover from
traditional-use semi-natural habitats to intensively managed
agricultural lands (Rozylowicz and Dobre 2010). Such
effects are prevalent at the eastern distribution limit of
Hermann’s tortoise in Romania, where bioclimatic envelope
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models suggest that suitable climate space extends farther
east from the current area of occurrence (Rozylowicz 2008).

A thorough understanding of the home range behaviors
and habitat selection is critical for drafting effective man-
agement plans and conservation strategies aimed at popula-
tion recovery (Borger et al. 2008). Habitat selection studies
analyze resource use by individuals with respect to their
availability (Manly 2002). Habitat selection is a hierarchical
process occurring across multiple spatial scales, from the
individual home range to the geographical range of the
species (Johnson 1980; Aebischer et al. 1993). Resource
selection functions and habitat use are inextricably linked
to individual movements (Manly 2002). For Hermann’s
tortoise, the extent of distances traveled depends on the
configuration and composition of habitats, as well as sea-
sonal behavioral patterns (e.g., nesting, searching for mates,
aestivation, hibernation (Luiselli and Rugiero 2006; Mazzotti
et al. 2002)). As such, movement data can provide
managers realistic information regarding the ecology of
species (Kernohan et al. 2001).

One of the conceptual tools used for analyzing habitat
selection is represented by the Euclidian distances from ani-
mal locations or home ranges to habitat (Conner and Plowman
2001; Conner et al. 2003). Distance-based approaches inte-
grate areal and linear features (Conner et al. 2005), which are
known to determine habitat selection in Hermann’s tortoises
(Calzolai and Chelazzi 1991; Longepierre et al. 2001). Linear
or near-linear habitats such as forest edges or relatively small
patches of shrubs are critical to tortoise thermoregulation
behavior (Cheylan 2001).

This study investigates habitat selection by the eastern
Hermann'’s tortoise in a managed landscape in Romania using
a distance-based approach. This study has high biological
relevance given that ecological studies of northern populations
(north of the River Danube) are completely lacking, and little is
known about the status of these populations. In addition,
Hermann’s tortoise represents the conservation focus of several
Romanian Natura 2000 protected areas (Ioja et al. 2010), and
this study has the potential to offer clear habitat management
recommendations. The study objectives are: (a) to investigate
habitat selection at two local scales (landscape scale—home
range location within the landscape and home range scale—
individuals’ locations within their annual home ranges) and (b)
to assess the tortoises’ home range and movements through
forests and grassland patches.

Methods
Study site

The study was implemented in [ron Gates Natural Park (44° N,
21° E), a protected area located in southwestern Romanian
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Carpathians (Fig. 1). The Iron Gates Natural Park is man-
aged as a category V IUCN (protected landscape/seascape),
which places emphasis on nature conservation and interac-
tions with humans through traditional management practi-
ces (Patroescu and Rozylowicz 2000; Phillips 2002). The
climate is hot summer continental, with an average annual
temperature of 11.6 °C. The warmest month of the year is
July (average=29.7 °C) and the coldest is January
(average=2.3 °C). Total annual rainfall is 690 mm, with
May and June as the wettest months (= 80 mm per month)
and August as the driest month (= 42 mm) (Rozylowicz
2008). The study period (2005-2008) did not deviate from
the long-term normal in terms of annual precipitation and
average and maximum summer temperatures (recorded at
the Drobeta Turnu Severin weather station).

The area is dominated by thermophilous oak woodlands
(Quercus cerris, Quercus frainetto, Quercus pubescens) at
altitudes <200 m, sessile oak forests (Quercus petraea) at
altitudes between 200 and 500 m, and beech forests at
elevations between 500 and 1,000 m. A big percentage of
the natural forests located at low elevations, in lowlands as
well as the slopes adjacent to the Danube River, have
been replaced by secondary thermophilous shrubs. This
human-induced process started at least two to three cen-
turies ago through small clearings and maintenance of
open habitat for hayfield and livestock grazing (Mataca
2002). Land management is dominated by non-intensive,
traditional land management, such as limited logging to
meet local demands for heating, small-scale grazing, and
manually harvested hayfields. Open habitats (i.e., pastures,
hayfields) are maintained through mowing, regular clear-
ing of shrubs and trees, and animal grazing (e.g., goats,
cattle, and horses) (Mataca 2005).

Habitat delineation

We delineated the following habitat types based on vegeta-
tion structure and management regimes: (1) grassland—
open areas managed as hayfield or pastures, (2) shrub—
areas >10 m’, (3) forest—closed canopy areas >100 m>, (4)
forest edge—as 10-m wide strips within a forest habitat, (5)
creek—major channels of temporary streams and creeks,
and (6) road—unpaved and logging roads. We defined
shrubs as any habitat patch composed of woody shrubs
and thickets up to 5 m in height and >10 m? in area. By
doing so, we excluded individual, non-contiguous shrubs,
which could not be assigned an areal habitat representation.
We defined forest habitats as a minimum of 100-m? contig-
uous forest or woodland composed of tree species >5 m in
height and canopy closure >40 %. Similarly, we excluded
small patches of one to three individual trees which, despite
offering potential shelter and resting habitat, are not func-
tionally forest due to edge effects (Chen et al. 1999). All
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Fig. 1 Study site, habitat delineation, and hibernacula of eastern Hermann’s tortoises

habitat types were digitized using ArcGIS 9x (ESRI, Red-
lands, CA, USA) from 2005 aerial imagery (0.5-m resolu-
tion) and were verified on the ground. From the vector data,
we developed 5 x 5-m resolution grids for performing habitat
selection analyses.

Data collection—radio-telemetry

We radio-tracked 24 adult tortoises (15 females and 9 males)
between 2005 and 2008. In 2005, we tracked 7 tortoises, in
2006 12 tortoises, and in 2008 5 tortoises. Very-high-
frequency glue-on transmitters R1930 (ATS Inc, Isanti,
MN, USA) were fixed on the lateral-anterior part of the
carapace using an epoxy-based glue. The average weight
of the tortoises was 1,522+69 g, with males weighting less
than females (males, 1,108+24 g; females, 1,776=19 g).
The weight of the transmitter was ~23 g, an average of
1.42 % (range=1.15-2.02 %) of the tortoises weight. Each
tortoise was located at irregular intervals (1-30 days be-
tween consecutive relocations) using radio-telemetry until
visual contact between March and November of each year.
Generally, it is acknowledged that Hermann’s tortoises are
more active in the pre-nesting season compared to the post-
nesting season (Huot-Daubremont and Grenot 1997; Loy
and Cianfrani 2010; Luiselli et al. 2009; Willemsen 1991;
Cruce and Raducan 1975). Thus, we defined two activity
periods: the pre-nesting season (April-June) and post-
nesting season (July—October). Nesting can still occur later

in the season (i.e., July) but only among few individuals
in the population (Cruce and Raducan 1975; Cruce and
Raducan 1976).

Home range analyses

The population home range (i.e., study area for landscape
scale analysis) was calculated using the minimum convex
polygon with 100 % from annual telemetry locations (100 %
MCP). Individual home ranges were plotted as density kernels
with a smoothing factor scaled so as to generate an area equal
with that recorded at 100 % MCP (Row and Blouin-Demers
2006; Downs and Horner 2008; Edge et al. 2010). In addition,
we added a 50-m buffer around the population home range
(i.e., MCP) in order to completely include the limits of indi-
vidual kernel-based home ranges within the population MCP.
Thus, we accounted for potential consecutive-day movements
that were not captured by our irregular telemetry intervals. We
calculated the home ranges using software Biotas2a (Ecolog-
ical Software Solutions LLC). We partitioned data by season
(pre-nesting and post-nesting) and gender and tested for sea-
sonal and gender-specific differences in home range size using
non-parametric Mann—Whitney and Kruskal-Wallis tests.

Habitat selection analyses

We investigated habitat selection using a distance-based
analysis (Conner and Plowman 2001; Conner et al. 2003)
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at two spatial scales: selection of the population home range
within the entire study area (second-order—landscape scale)
and selection of habitat features within individual home
ranges (third-order—home range scale) (Johnson 1980).

We first simulated 3,023 points in a 25-m uniform pattern
from a uniform random distribution within the population
minimum convex polygon (i.e., random points at landscape
scale (Conner and Plowman 2001)). The median number of
random points within individual home ranges was 323
(range=32-897). Following Conner and Plowman (2001),
we measured the straight-line distance from each random
point to the nearest representative of each habitat type and
calculated a habitat availability vector (r;) as the average
distance between random points and each habitat type with-
in the population home range. We then measured the
straight-line distance between the known locations of each
individual (i.e., telemetry points) and calculated a habitat
use vector (u;) as the average distance between telemetry
points and each habitat type within that respective home
range. We created a vector of ratios for each tortoise by
dividing each element in the vector of habitat use by the
corresponding vector of habitat availability (d;=u,/r;). Lastly,
we calculated the average of vector ratios (mean vector = p),
which we used for the landscape scale analysis (second-order
habitat selection).

To test whether tortoises exhibited second-order (land-
scape scale) habitat selection, we performed a multivariate
analysis of variance (MANOVA) under the null hypothesis
that the mean ratios vector p did not differ from a vector of
1 s (i.e., habitat selection did not occur). The alternative
hypothesis was that the mean vector p differed from a vector
of 1 s (i.e., habitats were preferred non-randomly and habitat
selection occurred). If the MANOVA test rejected the null
hypothesis, we then used a two-tailed -test for pairwise
comparisons of mean vector ratios for each habitat type
and obtained a ranking matrix for the six types of habitats
in our study area. If the mean vector for a certain habitat
(Phavitat) Was <1, we can conclude that the corresponding
habitat was used more than expected. If ppapitar >1, the
corresponding habitat was avoided more than expected
(Conner and Plowman 2001). This pattern can be interpreted
as selected (phapitar <1) or avoided (phapitar >1) habitats
(Conner et al. 2003).

We repeated the same procedure (MANOVA followed by
t-tests for pairwise comparisons among habitat types) to
investigate third-order (home range scale) habitat selection
for each tortoise. For each individual analysis, we only used
random points that fell within each individual home range
and telemetry points for the respective tortoise to build the
vectors of availability and habitat use, respectively. To com-
ply with the assumptions for parametric methods, we based
the MANOVA and #-tests on 999 randomizations of the data
(Manly 1997).
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All statistical analyses were performed using SAS 9.2
(SAS Institute Inc., Cary, NC, USA). We tested the normal-
ity using Shapiro-Wilk test (Zar 2010). Alpha level was
0.05 for all tests.

Movement analyses

For the analysis of movement, we measured the distance
between radiolocations from consecutive days (i.e., step
lengths in meters) using the Movements tool from software
Biotas2a. Thus, we obtained a daily movement metric
(m/day), which we further separated into movements between
different habitat types and intra-grassland and intra-forests
movements (i.e., movements within the respective habitats
that did not intersect other habitat types). We tested for sea-
sonal and gender-specific differences in daily distance trav-
eled, intra-grassland, and intra-forest movements using z-test
(for Gaussian-distributed data) or non-parametric Mann—
Whitney and Kruskal-Wallis tests (for non-normal data). In
addition, we investigated the movement patterns of both males
and females on a monthly basis to identify high- versus low-
activity periods. We performed non-parametric multiple com-
parisons among months using Dunn’s test (Zar 2010).

Results
Population and individual home ranges

The number of locations for each individual ranged between
25 and 40 (median=36). The size of the population home
range (62.18 ha) reached an asymptote after including 71 %
from all radio-tracking points.

The average size (= 1 SE) of annual individual home ranges
was 3.79+0.62 ha (range=0.52—10.84), with no significant
differences between males and females (Mann—Whitney U=
41, p=0.12) (Table 1). Moreover, there were no significant
differences between home range sizes during study years
(Kruskal-Wallis H=1.54, df=2, p=0.46), during pre- and
post-nesting seasons (Mann—Whitney U=149, p=0.09), and
between the seasonal home range sizes by gender (pre-nesting,
Mann—Whitney U=21, p=0.13; post-nesting, Mann—Whitney
U=47, p=0.23). There was a negative correlation between
body weight and home range size for males (Spearman
rho=—0.6, p<0.0001); no correlation was found for females
(Spearman rho=—0.22, p=0.22).

Habitat selection

Hermann’s tortoises showed strong habitat selection at the
landscape scale (second-order). The distances from random
locations within individual home ranges to the nearest habitats
were different from the distances from random locations
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Table 1 Seasonal and annual mean (+ 1 SE) home range sizes and length of intra-grassland and intra-forests consecutive movements for male and

female eastern Hermann’s tortoise in Romania

Period of activity Home range size (ha)

Intra-grassland movement (m)

Intra-forest movement (m)

Male Female Male Female Male Female
Pre-nesting 0.77+0.33 1.93+0.52 22.99+5.60 28.93+3.78 40.77+15.18 38.90+24.70
Post-nesting 1.83+0.63 2.28+0.37 26.96+3.10 34.93+4.02 37.76+7.24 33.74+6.65
Annual 3.02+1.08 4.25+0.74 25.57+2.80 32.39+2.82 38.60+6.47 35.34+8.24

within population home ranges to the nearest habitats (F¢ 15=
19.38, p<0.001). Tortoises showed habitat selection (p<1;
Table 2) towards grasslands (r=—8.31, p<0.001), shrubs
(t=—4.30, p=0.0003), and forest edges (r=—3.44, p=0.002).
The only habitat feature with a ratio greater than 1 (i.e.,
avoided) was represented by creeks (=5.44, p<0.001). The
forest habitats (r=0.29, p=0.77) and roads were selected at
random (=—1.21, p=0.24). The pairwise comparison of dis-
tance ratios associated with each habitat indicated that individ-
ual home ranges were found to be significantly closer to
grasslands than to forests, shrubs, and creeks (Table 3).

Distance-based habitat selection analyses at the individual
home range scale (third-order) indicated that tortoise locations
differed from random locations (F 15=23.04, p<0.001).
Grasslands (r=—11.47, p<0.001), shrubs (z=—11.3, p<0.001),
and roads (r=—2.84, p=0.009) were selected (p<l1; Table 2),
therefore closer to tortoise locations than expected. The only
habitat selected randomly was forest edge (r=—0.91, p=0.37).
Tortoises were located at a greater distance than expected from
forests (=6.5, p<0. 001) and creeks (1=4.07, p=0.0005).
The pairwise comparison of distance ratio associated with
each habitat indicates that forests were most avoided and
grasslands were preferred in comparison to other habitat
features (Table 3).

Table 2 Use versus availability mean ratios (p) and associated stan-
dard errors for landscape (second-order habitat selection) and home
range scale (third-order habitat selection). Values for p <1 indicate that
home ranges (for second-order) and animal locations (third-order) were
closer (in terms of Euclidian distance) to the respective habitat type
than expected

Habitat Second order Third order
p SE p SE

Forests 1.02 n.s. 0.08 1.33 0.05
Forest edges 0.77 0.07 0.94 n.s. 0.07
Grasslands 0.58 0.05 0.35 0.06
Shrubs 0.77 0.05 0.51 0.04
Roads 0.93 n.s. 0.06 0.51 0.03
Creeks 1.37 0.07 1.10 0.02

n.s. non-significant habitat selection

Using pre- and post-nesting telemetry points separately,
habitat selection was random at the landscape scale, and there
were no differences between the pre- and post-nesting seasons
(F6,3O= 002, pr= 099)

Daily, monthly, and seasonal movements

We recorded a total of 816 locations for all tortoises during the
study period. The average distance (+ standard error) between
consecutive relocations was 41.10+2.16 m (range=0-
558.15 m). From all tortoise relocations, 424 were day-to-
day movements, with an average of 31.18+1.59 m (range=0-
190.73 m) daily distance traveled (Fig. 2). There were no
differences (#=0.6, p=0.95) in the average daily distance
traveled by females (31.11£2.14 m; range=0-191 m) and
by males (31.31£2.31 m; range=0-171 m).

As expected, tortoise movements varied by gender on a
monthly basis (males, Kruskal-Wallis H=19.66, df=6, p=
0.003; females, Kruskal-Wallis H=26.70, df=6, p<0.001)
with significantly longer daily movements by males in August
(average=40.58 m/day) and by females in July (average=
45.27 m/day). When compared with data in July (a month
with large movements for both sexes), males moved signifi-
cantly less at the beginning of the spring season (April:
average=10.19 m/day; Dunn’s test z=2.83, p=0.005)
as well as the beginning of fall (September: average=
22.58 m/day, z=2.87, p=0.006). Females moved signifi-
cantly less in fall (September: average=21.49 m/day; z=4.82,
»<0.001) (Fig. 3).

We detected 261 intra-grassland movements, with an
average of 30.01+33.69 m (range=0-191 m) in distance
moved. No gender-specific differences were recorded in the
mean daily distance traveled (r=—1.56, p=0.12) or the mean
daily distance traveled intra-grassland by season (r=—1.14,
p=0.26) (Table 1). We recorded 55 consecutive intra-forest
movements, with an average of 38.83+5.02 m (range=
0.85-112 m) of distance traveled. Tortoises were recorded
only accidentally in closed-canopy forested habitats at dis-
tances >100 m from the edge (maximum distance=112.7 m;
median=27.97 m).

Furthermore, there were no gender-specific differences in
the mean daily distance traveled intra-forest (Mann—Whitney
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Table 3 Pairwise comparisons

of use versus availability mean Forests Forest edges Grasslands Shrubs Roads
ratio (p) for second-order (land-
scape scale) and third-order Landscape scale habitat selection
(individual home range scale) Forests
distance-based selection by Forest edges  +5.77 (0.0001)
Hermann’s tortoises. We present
£statistics and associated Grasslands +3.68 (0.001) +2.05 (0.05)
p-values (in parentheses). For Shrubs +1.96 (0.06) —0.01 (0.99) =5.73 (<.0001)
Zach Colulmn{ nega‘ftlifle }Vlallgl{es , Roads +1.01 (0.32) ~1.86 (0.08) ~3.93 (0.0007)  —1.75 (0.09)
enote seiection of the habltat In ¢ =3.03 (0.006)  —6.01 (<.000) 806 (<.0001)  ~6.23 (<.0001)  —5.02
the column header over the hab-
o (<.0001)
itats in the same column (values
in italics denote significant Home range scale habitat selection
selection at alpha=0.05) Forests
Forest edges  +5.29 (<.0001)
Grasslands +11.55 (<.0001)  +7.81 (<.0001)
Shrubs +10.55 (<.0001) +6.15 (<.0001) —3.43 (0.002)
Roads +6.78 (<.0001) 0.29 (0.77) —9.24 (<.0001) —8.95 (<.0001)
Creeks +4.49 (0.0002) —2.01 (0.06) —10.75 (<.0001) —10.31 (<.0001) —4.03
(0.0005)

U=106, p=0.78) or the mean daily distance traveled intra-
forest by season (Mann—Whitney U=87, p=0.62).

We recorded 84 movements between forest and grassland
habitat types (37 for males and 47 for females). The average
distance moved (42.85+3.83 m) was similar to the intra-
grassland and intra-forest average movements.

Discussion

We found biologically significant habitat selection by eastern
Hermann’s tortoises at both the landscape scale and home
range scale. At the landscape scale, the habitat selection
process was dominated by higher selection for grasslands over
other habitat types, which suggests that grasslands are a crit-
ical habitat for tortoises. Forest edges and shrubs were also
selected at the landscape scale, while forests, and roads are

304
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% daily movements

04 —

0 30 60 90 120 150 180 210
distance (meters)

Fig. 2 Histogram of daily distances traveled by eastern Hermann’s
tortoises
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randomly selected in relation to each other. This selection
pattern confirms the cumulative value of the three types of
habitats—grasslands, shrubs, and forest edges—and sug-
gests that tortoises base their home ranges on an associa-
tion of habitats and not on a particular habitat type (e.g.,
grasslands). In our study, forest edges were an important
habitat type for tortoises, and its importance has been
demonstrated for other land tortoises, such as Testudo
graeca (Anadon et al. 2007).

At the individual home range scale, the habitat selection
process was more prominent compared to the landscape
scale. Grasslands were the preferred habitat at the individual
home range scale, followed by shrubs and forest edges. In
Iron Gates Natural Parks, grassland habitats are managed
primarily as hayfields (Mataca 2005) and are a critical
habitat for feeding, basking, and egg laying (Rozylowicz
2008). Grassland patches also provide shelter during the
pre-mowing season (which occurs in late summer) when
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Fig. 3 Monthly average (+ 1 SE) daily distances traveled by male and
female eastern Hermann’s tortoises during April-October
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the herbaceous vegetation can reach >0.5 m in height
(Mataca 2002). At our study sites, shrubs and forests edges
were mostly used for thermoregulation and overwintering,
and such use is supported by data from behavioral studies of
other reptile species (e.g., Blouin-Demers and Weatherhead
2001, 2002). Overwintering locations for the monitored
tortoises were forest edges with deep leaf litter and under-
story dominated by Rubus ssp. or Carpinus orientalis (per-
sonal observation; see Fig. 1). The partial inconsistencies in
habitat selection between the two scales of analysis could be
attributed to locations of individual home ranges with re-
spect to particular habitat features. For example, at the
individual home range scale, tortoises showed a higher
affinity for roads, which in our study area are represented
by unpaved forestry roads with very low levels of traffic that
do not pose a high mortality risk (Iosif 2012). Therefore, this
result is likely an outcome of roads potentially acting as a
low-resistance habitat that facilitate movements (losif
2012), as well as due to individual home ranges being
located in proximity to valley bottoms with less steep to-
pography, where roads also tend to occur.

The average individual annual home range size recorded in
this study (3.79+0.62 ha) is in agreement with those of other
studies of both the eastern and western Hermann’s tortoise
subspecies (Cheylan 2001; Longepierre et al. 2001; Loy and
Cianfrani 2010; Luiselli et al. 2009; Hailey 1989). Nonethe-
less, there was high variability among individuals (differences
up to 20 times), which is characteristic for herpetofauna
(Pough 2004). Such differences may be a function of tortoise
gender and age (Pough 2004) and the quality of the habitat
inhabited (Del Vecchio et al. 2011b). In contrast to other
studies (e.g., Mazzotti et al. (2002); Luiselli et al. (2009);
Longepierre et al. (2001)), we found no significant gender-
specific difference in home range size. This finding is poten-
tially related to the landscape heterogeneity which allows for
equal access to critical habitat resources (i.e., grasslands,
shrubs, and forest edges) by all animals (Cheylan 2001).
Pre- and post-nesting home range sizes were also similar, the
seasonal variation—important in the study of ectothermic
species—being smaller than for western Hermann’s tortoise
species (e.g., Luiselli et al. 2009). This is likely another
consequence of landscape heterogeneity in our study area,
suggesting that tortoises have access to the same amount and
types of habitat resources throughout the year.

Distances traveled by tortoises are influenced by changes
in the availability and quality of food, thermal habitat char-
acteristics, the suitability of habitat for nesting, wintering, or
aestivation, as well as the reproductive status (e.g., search
for mates) (Del Vecchio et al. 2011a, b; Huot-Daubremont
and Grenot 1997; Hailey 1989; Willemsen 1991). Tortoise
movement ecology in our study area is characterized by
short-distance movements, apparently unaffected by habitat
type. The daily average distance traveled by an individual

tortoise was 31.18 m, with a maximum distance of
190.73 m. These movements are considerably lower com-
pared to those of European land tortoises from semi-arid
areas (e.g., 50 m for . graeca in Spain (Diaz-Paniagua et al.
1995) and 80 m for 7. hermanni in Greece (Hailey 1989)).
Daily movements recorded in our study (see Fig. 2) are
likely a result of the heterogeneity of our study area, with
small habitat patches (and associated small inter-patch dis-
tances) meeting food (i.e., grassland) and thermoregulation
(i.e., shrub, forest edge) requirements. Female tortoises trav-
eled the same distances as males, in contrast with the find-
ings of Hailey (1989), Longepierre et al. (2001), and Loy
and Cianfrani (2010). Hermann’s tortoises moved at a sim-
ilar low step-length within and between grasslands and
forests, but in our study we recorded more intra-grassland
than intra-forests moves. Thus, tortoises tend to avoid en-
tering a forest habitat, which is only used as a temporary
refuge habitat. A plausible explanation for the similarity of
within- and between-habitat movements is that our study
landscape has a very heterogeneous composition and con-
figuration (e.g., small distances among diverse critical hab-
itat resources). In addition, tortoise density in our study area
(42 individuals/ha; Rozylowicz 2008) was close to the max-
imum density recorded for 7. hermanni (45 individuals/ha;
Cheylan 2001). Potentially, these factors make long move-
ments in search for mates (i.e., for males) or critical habitat
resources (i.e., nesting or high-quality feeding habitat for
females) unnecessary.

Furthermore, pre-nesting (April-June) and post-nesting
(July—October) season movements were similar in contrast
to the study of Cruce and Raducan (1976), which found that
tortoises traveled across greater distances in the pre-nesting
season in search of mates. However, the analysis of monthly
movements revealed periods of high versus low daily move-
ments, which is to be expected given the biology and ecol-
ogy of tortoises. The daily movements steadily increased in
magnitude from April (the spring month with lowest dis-
tances traveled by both males and females) until August (for
males) or July (for females), which were the most active
months (Fig. 3). One would expect male movements to peak
before females’ as males travel longer distances during the
mating season and females increase movement activity post-
mating in search of nesting sites. Therefore, the reversal of
this pattern deserves further discussion. A simple explana-
tion is that males could still be actively looking for mates
through late July—August, after the females laid eggs. In
addition, there is evidence of sperm storage from one year
to another in some Hermann’s tortoise populations (Loy and
Cianfrani 2010). If present in our study population, this
process might determine longer female movements earlier
in the season resulting from searches for nesting locations.
Beginning in September, the activity is decreasing for both
males and females.
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In general, small changes in the availability of critical
resources were found to influence site persistence in
Hermann’s tortoises. For example, at a fine scale, Hermann’s
tortoise occurrence was found to be highly dependent on
particular plant species associated with patches of suitable
habitat embedded within a matrix of unsuitable habitats (Del
Vecchio et al. 2011a, b). At a coarser scale, Rozylowicz and
Dobre (2010) found that populations from the eastern part of
Hermann’s tortoise Romanian range (i.e., east of our study
area) did not persist due to conversions of native forest and
grassland habitat to croplands or intensively managed pastures
despite suitable climate conditions (Rozylowicz 2008). Par-
ticularly to our study area, the availability of traditionally
managed grasslands is likely a limiting factor for tortoise
populations as the landscape has evolved over centuries of
human inhabitation. Loss of such habitat through afforestation
of abandoned grasslands or conversion to intensive manage-
ment that creates homogenous landscapes (e.g., cropland) has
the potential to lead to extirpation of local populations. From a
management and conservation standpoint, we recommend
that management efforts for Hermann'’s tortoise should focus
on maintaining traditional land uses, increasing landscape
heterogeneity of preferred habitats (grasslands, shrubs, and
forest edges), and avoiding both the abandonment and the
intensive use of grasslands.
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