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Abstract. As a result of human activities, natural Mediterranean landscapes (including agro-eco-
systems) are characterised by a mosaic-like structure with habitat-patches at different successional
stages. These systems have high biodiversity levels and are home to a large number of species
protected by European laws whose habitats should be adequately managed. In the present work, we
study habitat use from an applied point of view in the spur-thighed tortoise Testudo graeca, an
endangered reptile present in semi-arid Mediterranean agro-ecosystems. Results show that, at a
landscape scale, the species selects simplified vegetation structures and includes in its home range
re-colonisation shrubland and small non-irrigated fields. Within the home range, habitat selection
patterns vary and areas with higher vegetation cover and complexity are selected. Detected patterns
are discussed in terms of the ecological requirements of the species and with a hierarchical view of
resources and conditions. The implications of our findings for habitat management aimed at the
conservation of the species are also discussed.

Introduction

Historically, European ecosystems have been disturbed by human activity.
This fact is especially relevant in the Mediterranean basin, where fires of an-
thropic origin, wood-extraction, grazing and low-intensity farming have all
acted upon ecosystems dating from the Pleistocene (Le Honerou 1981). This
human influence has led to the existence of semi-natural habitats or agro-
ecosystems in which landscapes are characterised by a mosaic-like structure
with habitat-patches at different successional stages reflecting the particular
land-use history. These landscapes, also called cultural landscapes, have begun
to disappear alarmingly over the last few decades owing to socio-economic
changes in Mediterranean European countries. This decline has been speeded
up recently by the Common Agricultural Policy (CAP), which has encouraged
intensive farming in the most productive areas and the abandonment of large
areas of marginal farmland (Baldock et al. 1996).
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Cultural landscapes, characterised by intermediate levels of disturbance, are
home to a great biodiversity (Bignal and McCracken 1996). A large number of
species from these systems are included in the European Habitat Directive and
many agro-ecosystems have been declared part of the Natura 2000 sites net-
work. The question as to how exactly to manage these protected areas is
nowadays one of the most important challenges facing environmental decision-
makers in Europe (Oestermann 1998).

In the present work, we discuss management strategies for the conservation
of the spur-thighed tortoise Testudo graeca, a threatened species living in multi-
successional Mediterranean systems. Its main European population is located
in southeast Spain in an area of 3000 km? (Giménez et al. 2001). The species is
in serious decline throughout its range owing to habitat loss and fragmentation
and its popularity as a pet (IUCN 2003). In southeast Spain the capture of the
species for commercial purposes seems to have diminished in recent decades
(Pérez et al. 2004). Thus, the main threat to the species is habitat loss and
fragmentation caused mainly by the implantation of new irrigated farming
schemes and the growth of towns and tourism (Giménez et al. 2001).

The species is classified as ‘of interest’ in the Habitats Directive and 11
Natura 2000 sites, with a total area of 800 km?, have been declared to protect
it. Apart from a number of other horizontal measures, these sites are the main
tool for biodiversity management in the area. In this respect, the spur-thighed
tortoise may also play a key role as a flagship species (Caro and O’Doherty
1999) in the conservation of a large portion of semi-arid Mediterranean
ecosystems in southeast Spain (Esteve and Calvo 2000).

Throughout the distribution range of the species in southeast Spain, the ori-
ginal shrub vegetation was mainly formed of Chamaerops humilis, Rhamnus ly-
cioides, Periploca angustifolia, Pistacia lentiscus and Quercus coccifera (Lopez
2000), along with small patches of Pinus halepensis and Quercus ilex woodland
(Chaparro 1996). Due to secular human activities (wood extraction, grazing and
setting of fires), this vegetation has often given way to a less complex mixed shrub
habitat with species such as Rosmarinus officinalis, Artemisia spp., Thymus spp.
and Genista spp. These natural areas have been historically mixed with ploughed
agricultural land (mainly non-irrigated crops). The extent of non-irrigated
croplands has fluctuated throughout time, being closely linked with economic
and demographic cycles. It is known, however, that its maximum extent was
reached during the middle of the last century, when a great part of the distribution
area of the spur-thighed tortoise was transformed in agricultural land. Since then,
farming activity has decreased notably in the region, leading to the colonisation
of abandoned fields by shrub vegetation dominated by Anthyllis cytisoides. These
secondary-growth shrublands have less cover and a more simplified structure
than the shrublands mentioned above. The abandonment of farmland has been
encouraged by Common Agricultural Policies especially in marginal moun-
tainous and semi-mountainous areas (Esteve et al. 1993).

In this study, we used radio-tracking to investigate habitat use in the spur-
thighed tortoise in a traditional semi-abandoned landscape containing the
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main vegetation units present in the distribution area of the species. The
objectives were: (i) to study the habitat selection patterns at two different scales
(home range location within the landscape and microhabitat within the home
range); (i) to discuss habitat selection patterns in relation to the main
requirements for the species, and (iii) to analyze the implications of the results
of the study for habitat management as a part of the conservation strategy of
the species.

Methods
Study area

The study was carried out in the Biological Reserve ‘La Galera’ (Sierra de la
Carrasquilla, Murcia, Spain). The reserve has ca. 90 ha. It has a mean annual
rainfall of 295 mm and mean annual temperature of 18—-19 °C. The altitudinal
range of the reserve is 515-655 m a.s.l. The relief of the reserve is characterised
by a system of ramblas (gullies) separated by hillsides of moderate-to-steep
slopes composed of metamorphic (schist) and calcareous materials. The
landscape structure is composed of a mosaic of the three main vegetation units
present throughout the distribution of the species (see Introduction): shrub-
lands dominated by Anthyllis cytisoides, mixed shrublands (Rosmarinus offici-
nalis, Artemisia barrelieri, Helianthemum almeriensis) and small non-irrigated
fields at the bottom of the ramblas. There are also patches of the perennial
grass Stipa tenacissima. Typical species from the original mature shrublands,
characterised by their larger size and cover (mainly Rhamnus lycioides), are
scattered all over the study area, especially in the mixed shrublands. However,
they do not form a distinguishable vegetation unit. According to regional
habitat models, the reserve contains optimum habitat for the species in relation
to climate, relief and lithology (Giménez et al. 2001). On the basis of capture—
recapture studies, mean density values of tortoises in the reserve is around
17 ind/ha (authors, unpublished data).

Animal biometry and tracking

During 1 year (from June to June) we radiotracked 10 adult tortoises (six
females and four males). Transmitters (AYAMA TRS2, SEGUTEL,
Barcelona, Spain) were attached to the lateral-anterior part of the caparace
with an epoxi glue. The weight of the transmitters (from 10 to 20 g) was less
than 5% of the weight of the animals (White and Garrot 1990). We considered
individuals over 7 years old to be adults (Andreu et al. 2000). Growth rings of
the caparace scutes were used to estimate age (Castanet and Cheylan 1979;
Germano and Bury 1998). Males and females were distinguished visually by
secondary sexual characteristics (Andreu and Lopez-Jurado 1998).
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Individuals were located once per week, 2 weeks out of every 3 weeks,
usually in the mid-day. Locations were recorded with a GPS (GeoExplorer 3.0,
Trimble) with an error of 1-3 m.

Habitat characterisation

The study area was characterised by six variables concerning land-use history,
vegetation structure and aspect. The land-use history variable had three classes:
mixed shrubland (old shrublands), re-colonisation shrubland and cropland.
The perimeter of cropland areas was geo-referenced in the field with a GPS
(GeoExplorer 3.0, Trimble). For mapping mixed and re-colonisation shrub-
land we digitized and compared aereal photographs dating from 1999 (current
situation) and 1955, when the amount of cropland was at its greatest. We
considered those areas ploughed in 1955 but not in 1999 to be re-colonisation
shrubs, whereas those areas not ploughed neither in 1955 nor in 1999 were
considered to be mixed shrubs. In order to characterise the vegetation structure
we made a systematic sampling of the vegetation. We used circular sample
plots with a radius of 3m located every 20 m in the form of a grid (number of
samples = 738). We also established non-systematic plots wherever there were
sudden changes in vegetation cover. In every plot we measured four vegetation
variables: shrub cover (>25 cm height, generally including species such as
A. cytisoides, R. officinalis, Helichrysum stoechas or Cistus ssp.), low shrub
cover (<20 cm height with species such as Thymus ssp., Helianthemum
almeriensis or Artemisia ssp), S. tenacissima cover and annual grass cover. The
perennial grass S. tenacissima was considered as a separate group since it forms
monospecific patches with a different structure from other shrub species. For
each variable we considered five cover classes: less than 10% cover, 11-33%,
33-50%, 51-66% and more than 67%. Cover was measured visually with a
previous calibration among the samplers. With the help of a GIS (GRASS 5.0;
GRASS Development Team 1999; http://grass.itc.it/) we constructed vegeta-
tion maps of the four variables using interpolation techniques.

Aspect was characterised by a Digital Land Model 1:5000. In order to map
the different aspect patches we used first-, second- and third-order watersheds
as references. Nine classes were considered: N, NE, E, SE, S, SW, W, NW and
F (flat areas, usually in valley bottoms).

Habitat selection analysis

For the habitat selection analysis, we adopted a hierarchical approach of habitat
selection at a local scale (Johnson 1980; Schaeffer and Messier 1995). According
to this approach, there are different selection levels in both space and time. At
each of these levels requirements may differ and thus lead to different selection
patterns. The most commonly employed spatial levels, and the ones which we
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have employed here too, are the location of the home range and selection within
the home range (levels IT and I1T of Johnson 1980). It has been proposed recently
that this spatial hierarchy could be directly related to a hierarchy of conditions
and resources. Habitat selection patterns should enable animals to avoid the
negative effects of factors that mostly limit individual fitness, and should be
strongest at the largest scales of selection. Less important limiting factors may
influence selection patterns only at smaller scales (Rettie and Messier 2000).

We carried out our habitat selection analysis by means of a compositional
analysis (Aebischer et al. 1993) based on a search for differences between avail-
able habitats and the habitats actually used by animals. The compositional
analysis had three steps. First, we tested for the overall departure from random
habitat use. If there was a habitat-use pattern that differed from a random pat-
tern, the next step was to rank the habitats in order of use by comparing the
pairwise differences between habitats. Finally, significant differences between
pairs of habitats were assessed. We performed a compositional analysis at two
scales or levels. At the first level, we compared the home range habitat compo-
sition vs. the total study area habitat composition. At the second level, we
compared the proportion of habitats used as based on the ratio between radio-
locations and home range habitat composition. These two levels have a different
biological significance: the upper level indicates selection patterns on a landscape
level, whereas the second level indicates the habitat or microhabitats that are
actually occupied by the animal.

We performed a compositional analysis on these two levels for the six habitat
variables, for all individuals and for females separately. Analysis for males sep-
arately were not performed due to its small sample size (Aebischer et al. 1993).
For each habitat variable, classes were pooled when necessary for the composi-
tional analysis and non-utilised but available habitats were replaced by 0.01%,
following Aebischer et al. (1993). The definition of true availability is problem-
atical since it is an arbitrary decision (Johnson 1980; Aebischer et al. 1993). Here,
we have defined the study area as being all the slopes where animals were located,
while the home range was estimated with the Minimum Convex Polygonum
(MCP; Mohr 1947). For the delimitation of the study area and the estimation of
home range we used all locations (one location per week, 2 weeks out every
3 weeks) during 1 year. For habitat analysis we employed all locations, lefting
out consecutive repeated locations that denoted inactivity (hibernation and
aestivation). These periods of inactivity extended for over 6 months (Pérez et al.
2002) and their inclusion in the analysis would have led to a description skewed
towards their annual refuges rather than the habitat actually used during activ-
ities such as feeding, thermoregulation, egg-laying and courtship.

Results

Total number of locations per individual, including consecutive repeated
locations, varied between 30 and 35. The resulting study area for analysis



2292

purposes had 31 ha (see Methods). Mean home range size using the MCP
estimator was 1.71 &+ 1.61 ha for all individuals. Mean home range size for
males was 2.56 + 3.02 ha for males and 1.15 £+ 0.15 ha for females. A Wil-
coxon test did not detect significant differences in the home range size between
sexes (p = 0.201).

The number of locations employed for habitat analysis was lower. After
excluding repeated locations, six tortoises had 24 different locations along the
year, whereas four tortoises that presented a reduced (or even null) autumn
activity period had from 14 to 21 activity locations.

Selection at landscape level

For all individuals, patterns of habitat selection were detected for all variables,
except for low shrub cover and S. tenacissima cover (Table 1). Tortoises se-
lected croplands in their home ranges, while the least selected vegetation unit
was mixed shrublands. There was also a preference for areas with low cover
values for shrubs. Tortoises selected areas with intermediate annual grass
cover, rejecting areas with minimum and, above all, maximum values for an-
nual grass cover. Regarding aspect, individuals located their home ranges on
slopes facing west and northwest and flat areas, whereas areas facing east and
northeast were very much avoided.
Separate analyses for females maintained the general pattern (Table 2).

Selection within the home range

Analyses for all individuals within the home range were only significant for two
variables (Table 1). Tortoises rejected places with high cover values for shrubs
and for S. tenacissima. However, analyses for females were significant for a
large number of variables (Table 2). Females selected places with very low
shrub cover, low shrubs and S. tenacissima cover, and did not show any habitat
pattern related to annual grass cover. Places used by females were generally
located on east- or northeast-facing slopes and flat areas were the least used.
The land-use history did not yield any selection pattern. However, when we
compared all shrub areas (re-colonisation shrubland and mixed shrubland)
with croplands, females showed a preference for places with natural vegetation.

Discussion
Selection at landscape scale
Results showed that spur-thighed tortoises prefer re-colonisation shrubland and

cropland over more complex mixed shrubland, which agrees with a selection for
low vegetation cover values. Numerous studies on habitat selection by
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ectotherms have confirmed the importance of habitat structure in thermoregu-
lation (e.g. Litzgus and Brooks 2000; Bryant et al. 2002). The preference for areas
with an open vegetation structure is likely to be linked to the thermoregulation
requirements of tortoises. The preference of T. graeca for low cover values has
also been indicated by other authors (Wright et al. 1988, Willemsem 1991). The
strong selection for non-irrigated croplands could also be due to its role in egg-
laying, as is the case in other Testudo populations (Stubbs and Swingland 1984;
Swingland and Stubbs 1985). On the other hand, it has been shown that the
ecotones between crops and natural vegetation areas are optimum places for
thermoregulation in the black rat snake (Blouin-Demers and Weatherhead
2001a, b), because they contain basking places near shadier areas where animals
can cool down.

The spur-thighed tortoise selects areas with intermediate annual grass cover
and rejects areas with very high or very low cover. Annual grass cover could be
useful as an approximate descriptor of food resource availability. Andreu et al.
(2000) determined the presence of more than eighty plant species in the diet of
T. graeca, corresponding to 21 genera, with a predominance of grasses and other
annual herbaceous plants. The rejection of areas with the highest annual grass
cover values suggests that conditions in these areas are not appropriate for the
species and that grass cover preference is related to other factors than feeding
resource availability. Highest values of annual grass cover are obtained in the
coolest and shadiest areas facing north and east (Anadon 2002), areas which may
have low thermal quality for tortoises.

Tortoises had a preference for northwest- and west-facing slopes, whereas
those facing east, north and, above all, east, were clearly rejected. This pattern
agrees with the results obtained from analysing census data (Anadon et al. in
press). The selected range may be a reflection of a trade-off between thermo-
regulation and feeding requirements. North and northeast slopes are the shadi-
est, most moist and with the greatest vegetation cover areas (Ferrer Castan 1994),
and may be the least preferred because they strongly restrict thermoregulation.
On the other hand, southwest, south and southeast slopes, are the warmest and
most arid orientations (Ferrer Castan 1994) and present the lowest values for
annual grass and vegetation cover (Anadon 2002). These slopes could be rejected
for both feeding and thermoregulation issues.

Our results suggest that in a multi-successional landscapes the requirements of
T. graeca (mainly thermoregulation, feeding and egg-lying) may be better sat-
isfied in the early stages of the successional gradient (colonisation by shrubs and
small non-irrigated croplands). However, this selection process is constrained by
environmental heterogeneity caused by relief factors (for example, low prefer-
ence for more arid areas facing south and, especially, for more shady areas facing
north—northeast). The role of open areas is likely to vary along the environmental
gradient of the distribution area of T. graeca. For example, open areas are
probably more valuable in the northern part of the range, where the vegetation
cover is more closed, than in the southern part, where arid conditions naturally
lead to more open shrublands.
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Selection patterns inside the home range

Inside home ranges, there was a very weak overall response of all individuals.
Females separately, however, showed more marked patterns. This suggests a
differential habitat response between sexes. Females tended to select areas of
natural vegetation (mixed and re-colonisation shrubs) compared to crops. It
implies an inversion of the habitat selection patterns with scale: habitats that
are selected at a landscape level are, however, not intensively used along the
whole activity period. The ecological requirements that are behind the detected
patterns (such as food resources, places for egg-lying or for thermoregulation
purposes or shelter) may not be important within the home range considering
the annual cycle, although they could be significant in particular periods of the
year. Regarding this point, patterns detected at lower spatial scales are as-
sumed to correspond to processes operating on smaller temporal scales (Rettie
and Messier 2000; McLoughlin et al. 2002). The annual cycle seems an
appropriate time scale in which to detect selection processes at a landscape
scale (position of the home range), although this scale may be too coarse for
analysis within the home range. Seasonal selection analysis could yield more
precise information regarding the spatial location of requirements within the
home range.

Implications for habitat management

Our results showed that spur-thighed tortoises selected habitat features found
in the early stages of vegetation succession (croplands, re-colonisiation shrubs).
The maintenance of small-scale non-irrigated croplands may increase the
habitat quality for the species, as has also been suggested for T. hermanni
(Stubbs and Swingland 1984; Swingland and Stubs 1985). However, regional
habitat models (Giménez et al. 2001) have shown that large areas of non-
irrigated cropland have a negative effect on the species and probably promote
fragmentation processes. Therefore, the positive effect of non-irrigated crop-
lands must be seen in the context of a landscape with a fine-grained mosaic
structure.

The preference for intermediate successional stages has been noted in other
species of tortoises (Auffenberg and Franz 1982; Stubbs 1995; Kazmaier et al.
2001). In the distribution area of 7. graeca in southeast Spain, the generation
and maintenance of intermediate vegetation stages has been historically related
to relief, natural fires and the action of wild herbivores. Heterogeneous land-
scapes have been favoured by traditional forms of land-use and nowadays most
intermediate successional stages of vegetation are of anthropic origin. These
habitats are found today in cultural landscapes where shrubs are cut down and
grazed, two activities which may have a positive effect on 7. graeca. An
important proportion of the range of the species in southeast Spain is com-
posed of re-colonisation shrublands coming from abandoned croplands. The
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abandonment of large areas of continuous croplands in the 1950s has probably
had a positive, though ephemeral, effect on the species. It has been hypoth-
esised that vegetational succession can have a significant impact upon habitat
availability for ecthotherms by affecting the thermal characteristics of habitats
(Meik et al. 2002; Pringle et al. 2003). Furthermore, several studies have related
local extinctions of reptile populations with successional vegetation changes
(Ballinger and Watts 1995; Jaggi and Baur 1999). Classical conservation pol-
icies, based on non-intervention, may thus lead to a decrease in habitat quality
due to an encroachment of shrublands within natural succession dynamics.
Management measures that lead to an increase in vegetation cover, such as
reforestation, may also have a negative effect on the species. This management
consideration agree with those made for other terrestrial tortoises (USFWS
1990; Diemer 1986; Montori et al. 2001).

Some semi-arid Mediterranean shrublands are protected under European
directives and should be managed accordingly (CEE Habitat Directive 92/43).
Habitat management in the areas inhabited by the spur-thighed tortoise should
consist of a trade-off between direct tortoise management actions (to favour
immature stages of vegetation) and vegetation management (that will lead to
mature stages of vegetation). The maintenance of a fine-grained landscape
mosaic with patches of different complexity (and land-uses) could conceal these
two conservation strategies. This could be achieved by adequate agro-envi-
ronment schemes (Kleijn and Sutherland 2003). In this sense, the latest reforms
of the PAC (2078/1992; 1782/2003 EEC) have integrated measures for biodi-
versity conservation issues that could be useful (Ormerod et al. 2003). How-
ever, current policies are far from solving the problem of the conservation of
semi-natural areas or agro-ecosystems (Oestermann 1998), and further efforts
are needed.
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