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SUMMARY.—Multi-scale habitat association of the ortolan bunting Emberiza hortulana in a sub-
Mediterranean area in Slovenia.

The habitat selection of the ortolan bunting Emberiza hortulana has been examined on multiple
spatial scales. Habitat variables of territories and random points were measured in the field on a 25 m
radius and from GIS layers on scales of 25 m, 100 m, 500 m and 1,000 m radius. Habitat variables were
analysed by a generalized linear model. The ortolan bunting was found on a 25 m radius in areas with
a few black pines, with low grass and open patches within the herbaceous layer. On a 100 m radius scale,
the probability of occurrence was highest in areas with meadows with large trees, permanent and partly
overgrown meadows, and small areas of forests. On a 500 m radius scale, the occurrence of the ortolan
bunting was negatively affected by urban areas and their infrastructure and by forests, and positively by
partly overgrown meadows and permanent meadows with or without large trees. On a 1,000 m radius,
permanent meadows with or without large trees, and the absence of large urban areas and infrastructure
positively affected the presence of the ortolan bunting. In conclusion, factors influencing habitat selection
by the ortolan bunting differ according to spatial scale. On the territorial level, its presence was only
influenced by cover of open and partly overgrown meadows and by forest, while on larger scales it was
also affected by the cover of urban areas. Factors influence habitat selection differently on different
scales; a forest influences the probability of a territory positively on a small scale while negatively on
larger scales. Factors influencing the habitat selection positively on a larger scale are becoming less
common and therefore fewer suitable sites are available for the ortolan bunting in Kras.

Key words: anthropogenic disturbance, conservation, Emberiza hortulana, Emberizidae, habitat
selection, multi-scale habitat association, ortolan bunting, succession.

RESUMEN.—Asociación de hábitat en multiescala del escribano hortelano Emberiza hortulana en un
área submediterránea de Eslovenia.

La selección de hábitat del escribano hortelano Emberiza hortulana ha sido examinada con múlti-
ples escalas espaciales. Las variables del hábitat de sus territorios y puntos al azar fueron medidas en el
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INTRODUCTION

Populations of birds favouring open habi-
tats have declined rapidly over the last few
decades in Europe (Siriwardena et al., 1998;
Evans, 2004). Land use changes, such as in-
tensification (Evans, 2004), and abandonment
of land are often cited as causes (Preiss et al.,
1997; Sirami et al., 2007a). In the Mediterra-
nean basin there is a strong trend of abando-
ning agricultural areas and, as a consequence,
many meadows are becoming overgrown
(Mazzoleni et al., 2004). Management of ve-
getation in the Mediterranean basin is, there-
fore, a conservation priority for open habitat
birds (Pain and Dixon, 1998; Whittingham et
al., 2007).

There is a growing awareness that, for con-
servation, more than one spatial scale has to
be taken into account within the home range
(López-López et al., 2006). Birds select their
habitat on different scales, ranging from the
home range to the nest site scale, reflecting

decisions on critical parameters such as nest
safety and proximity of food resources (Ló-
pez-López et al., 2006). If the critical para-
meters at different scales do not match, this
can prevent the species occupying a certain
habitat.

One of the open habitat birds which have
declined rapidly is the ortolan bunting Embe-
riza hortulana (BirdLife International, 2004).
The ortolan bunting is a migratory bird who-
se breeding distribution extends over the
Mediterranean basin and temperate parts of
Europe and Asia (Cramp and Perrins, 1994).
Habitat loss (Vepsäläinen et al., 2005, Preiss
et al., 1997), female post-natal dispersion
(Dale, 2005; Steifetten and Dale, 2006),
change of wintering quarters (Stolt, 1993) and
trapping (Stolt, 1993; Geister, 1992) have all
been suggested as causes for the decline.

The habitat of the ortolan bunting in the
temperate part of Europe is confined mainly
to mixed farmland and raised peat bogs
(Cramp and Perrins, 1994; Dale and Hagen,
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campo en un radio de 25 m y en estratos GIS en escalas de 25 m, 100 m, 500 m y 1.000 m de radio. Las
variables del hábitat fueron analizadas mediante un modelo lineal general. El escribano hortelano fue
encontrado en un radio de 25 m en áreas con escasa abundancia de pino negro, de pastos bajos y zonas
de claros en el estrato herbáceo. A la escala de 100 m, la probabilidad de incidencia fue mayor en áreas
de pradera con árboles de gran porte, praderas permanentes y parcialmente con maleza, y en pequeñas
áreas boscosas. En la escala de 500 m de radio, la incidencia de escribano hortelano se vio afectada ne-
gativamente por la presencia de áreas urbanas y sus infraestructuras y por zonas de bosque, mientras
estuvo favorecida por praderas con cobertura parcial de maleza y praderas permanentes con o sin árbo-
les de gran tamaño. En la escala de 1.000 m de radio, las praderas permanentes con o sin árboles gran-
des y la ausencia de zonas urbanas e infraestructuras afectaron de manera positiva la presencia de
escribano hortelano. En conclusión, los factores que influyen en la selección de hábitat del escribano
hortelano difieren según la escala espacial. A nivel territorial, su presencia estuvo influida únicamente
por la cobertura de las praderas abiertas y con presencia de maleza, y por las zonas de bosque, mientras
que a escalas mayores también se vio afectada por las zonas urbanas. Los factores influyen de manera
distinta en la selección de hábitat a diferentes escalas; una zona de bosque actúa de manera positiva a
pequeña escala en la probabilidad de territorio, mientras que influye de manera negativa a mayores
escalas. Los factores que intervienen positivamente en la selección de hábitat a mayores escalas son
menos frecuentes y, consecuentemente, hay una menor disponibilidad de lugares apropiados para el
escribano hortelano en Kras.

Palabras clave: conservación, Emberiza hortulana, Emberizidae, escribano hortelano, molestias an-
tropogénicas, selección de hábitat, asociación de hábitat en multiescalas, sucesión.



1997). However, in the Mediterranean area
the species breeds in open bushy areas mixed
with meadows (Cramp and Perrins, 1994;
Fonderflick et al., 2005). The collapse of
the ortolan bunting populations is sugges-
ted as having various causes in the different
habitats in temperate and Mediterranean
Europe (Vepsäläinen et al., 2005; Sirami et
al., 2007b).

Regional differences and multidimensio-
nality are important aspects of habitat selec-
tion and can be important for conservation
of the ortolan bunting. Comparison of two
extreme habitat types in different regions
can reveal underlying mechanisms of habi-
tat selection of a species (e.g. Sànchez et al.,
2009). Habitat preference of the ortolan bun-
ting has been studied mainly in temperate
areas (Conrads, 1969; Dale and Hagen, 1997;
Vepsäläinen et al., 2005, Berg, 2008), while
in sub-Mediterranean areas knowledge of its
habitat is restricted and mostly anecdotal
(Cramp and Perrins, 1994, Fonderflick et al.,
2005). Most of these studies have focused
only on the nesting site scale (but see Berg,
2008). Dale (2000) found that the ortolan
bunting uses surrounding farmland hundreds
of metres from nesting locations as feeding
areas, but breeds on raised peat bogs. The
answer to the question whether its habitat
selection operates on different spatial scales
can provide an insight into its complexity
and thus, possibly, to solutions for its con-
servation.

In Slovenia, the ortolan bunting has its
stronghold in the south-western, sub-Medite-
rranean area (Geister, 1995), with some pos-
sible breeding locations in other parts of the
country. It was reported to be in decline in
2000, with an estimated population of 200 -
300 pairs (BirdLife International, 2004). In
the Red List of Breeding Birds of Slovenia
it has the status of a highly endangered spe-
cies (E2; Official Gazette of the Republic of
Slovenia 2002). A recent report estimated its
population in 2008 to be 50 - 100 singing ma-

les, which occurred almost exclusively in the
Important Bird Area (IBA) Kras (Rubinić et
al., 2008).

We have examined the habitat selection of
the ortolan bunting on different scales. Our
aim was to investigate (i) the influence of
habitat type, vegetation succession stage and
anthropogenic disturbance on the occurrence
of the ortolan bunting, all at different spatial
scales in a sub-Mediterranean area; (ii) the
influence of possibly contrasting important
factors at different scales on the occurrence of
an ortolan bunting territory and (iii) whether
there are other potentially suitable breeding
areas for the ortolan bunting on Kras, besides
those found during the research.

METHODS

Study area

Kras is a region with an area of 429 km2

located in the south west of Slovenia (cen-
troid coordinates: 45˚ 40’ N / 13˚ 55’ E). It is
a mezzo region in the Mediterranean macro-
region of Slovenia (Perko and Orožen Ada-
mič, 1999) that starts south of Nova Gorica
and continues southward to the Croatian bor-
der. A sub-Mediterranean climate and karstic
phenomena, characteristic of most of the area,
make this a dry landscape. Kras is covered by
a wide variety of vegetation types, many of
them the consequence of human management
and exploitation. Desertification had taken
place, with a peak in the 18th century. Since
then, the area has gradually become over-
grown, at first with grasslands, but nowadays
also with scrub of a variety of species, de-
pending on the local (and very variable) cli-
matic conditions. Kras is largely covered with
black pine Pinus nigra, which has been plan-
ted there since the 18th century. A similar area
further south is Podgorski Kras, Čičarija and
Podgrajsko podolje, with an area of 244 km2,
which is considered as a separate mezzo re-

Ardeola 57(1), 2010, 55-68

HABITAT OF THE ORTOLAN BUNTING IN SLOVENIA 57



gion in the Mediterranean macro-region of
Slovenia (Perko and Orožen Adamič, 1999).
Since 2003, the greater part of each mezzo
region has the status of IBA Kras (Božič,
2003). Our study area comprised IBA Kras
with some smaller adjoining areas (fig 1).

FIG. 1.—Study area Kras with an example of the
different scales.
[El área de estudio en Kras, a diferentes escalas.]

Bird survey

The number of ortolan bunting male terri-
tories was defined as the number of singing
males. The territories were mapped between
May 15 and June 28 2006 in a single survey
that covered the entire area of Kras, by visi-
ting all non-forest habitats. Sites with open
habitats were first located using aerial photos
and GIS. In total, an area of 18,176 ha was
searched in 66 hours of field work divided
between six people. As the ortolan bunting is
active during daytime (Conradts, 1969; Cramp
and Perrins, 1994), the searching period was
between 7:00 h and 18:00 h. Mapping took
place only when it was not raining and when

the wind speed was below force 3 Beaufort.
GPS coordinates were recorded for every
singing post. To avoid double counting of
territories, two territories were considered
as different only when the neighbours were
heard simultaneously.

Many territories were distinctly aggrega-
ted into subpopulations. A subpopulation was
defined as a group of singing males that were
at most 1,000 m from each other.

Selection of scales and habitat
measurement

We distinguished four different spatial
scales: singing location (r = 25 m), territory
scale (r = 100) (Dale and Olsen 2002), fora-
ging scale (r = 500 m) (Dale and Olsen 2002)
and landscape scale (r = 1,000 m). For the
singing location we collected only field data
and for the larger scales we used only GIS
data. These two data sets could not be com-
bined since the random points of the field
data overlapped on larger scales (> 500 m).
The sample sizes for different scales are
shown on table 1.

We compared actually used and poten-
tially suitable breeding habitats. Literature
data (Fonderflick et al., 2005) and data co-
llected through field surveys were used to
describe the habitat of the ortolan bunting in
sub-Mediterranean landscapes. We considered
permanent meadows and partly overgrown
agricultural land as potentially suitable bree-
ding habitat. Within this habitat we chose ran-
dom points that represented possibly suitable
breeding habitats.

For the singing location analysis we mea-
sured field variables. Additionally we chose
random points which did not overlap with the
25 m radius, although some overlapped on
larger scales. The scales from 100 m upwards
were investigated with the GIS data only. The
singing posts and the random points were
used as spatial centres in the analysis (fig 1).
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All singing posts were used when the 100 m
and 500 m scales were analysed. For the 1,000
m scale we had to omit five of the singing
posts, because these included part of the ra-
dius in Croatia, for which land use data was
not available. The random points for the lar-
ger scales were positioned at distances of at
least 2,000 m from the singing posts and other
random points, so they would not overlap on
the largest scale. Due to this constraint, the
random points were equally distributed over
the potentially suitable habitat and covered
more than 70 % of its surface.

A total of 12 variables were investigated, of
which 4 were obtained in the field and 8 from
digital land use maps (http://rkg.gov.si/GERK/)
(table 2). These variables were surveyed as
categorical, which was more practical in the
field. All GIS variables were obtained from
a land use digital map, based on aerial pho-
tos (10 m spatial resolution) taken in 2006
(MKGP 2007). The GIS variables were mea-
sured as proportions within 100, 500 and
1,000 m radius.

Data analysis

The field data (25 m) and GIS data (100,
500, 1,000 m) sets were analysed separately.
For the former, we constructed separate best
fitting models using logistic regression. For
the GIS data, we used logistic regression for
the 100 m scale. A likelihood ratio backward
stepwise procedure was used for model se-
lection criteria (Quinn and Keough, 2002). At
each step, the criterion was P = 0.05 for entry
and P = 0.10 for removal of a parameter.

The land use data on larger scales were
overlapping and therefore autocorrelated. We
used a penalized quasi likelihood generalized
linear mixed model (PQLglmm) with bino-
mial distribution, and included an autocorre-
lation coefficient (Dormann et al., 2007).

In the 100 m radius, 500 m radius and
1,000 m radius scales we checked for the
influence of land use. The land use variables
were divided between three subsets at each
scale: habitat variables (hab), succession va-
riables (suc) and anthropogenic disturbance
variables (dist) (table 2). Seven global mo-
dels were prepared. First, simple models
were developed with variables from only one
subset. Then all possible combinations of
double (i.e. hab + suc) and triple subsets (i.e.
hab + suc + dist) of variables were added. The
most parsimonious model was prepared from
each global model using logistic regression
and PQLglmm for larger scales. Parameters
were estimated using maximum likelihood.

For each of the seven models, the most par-
simonious model for each scale was selected
by calculating the second order Akaike Infor-
mation Criterion (AICc), because the sam-
ple size divided by the number of variables
was smaller than 40 (Johnson and Omland,
2004). For the 500 m and 1,000 m scales the
second-order quasi AIC (QAICc) was calcu-
lated, as the PQLglmm does not calculate
the actual maximum likelihood. The models
within two (Q)AIC units from the most par-
simonious model have comparable explana-
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TABLE 1

Sample sizes of singing posts of ortolans and ran-
dom points on Kras used for analysing different
scales.
[Tamaño de muestras de los puntos de canto del
escribano hortelano y puntos al azar utilizados
para el análisis a diferentes escalas en la zona de
Kras.]

Singing posts Random points

Field data
25 m 57 29

GIS data
100 m 57 45
500 m 57 45
1,000 m 52 45



tory value (Johnson and Omland, 2004) and
are discussed below. The two most informa-
tive parameters with the smallest standard
error in the best model per scale, were plotted
against the probability of an ortolan bunting
territory. Furthermore the proportion of plots
in which an ortolan bunting was not obser-

ved, but predicted with the best models, was
calculated to see whether or not the ortolan
bunting occupied all areas with available
habitats. These proportions were compared
between the different scales. All analyses
were done using R statistics (R Development
Core Team, 2008).
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TABLE 2

Habitat and land use variables used for logistic regression and generalized linear mixed models.
[Variables de hábitat y uso del suelo utilizadas en el análisis de regresión logística y en los modelos li-
neales generalizados.]

Name Description of category and variable Radius

Field variables
Height of black pines No trees / trees lower than 1.8 m / trees 25 m

higher than 1.8 m

Number of black pines No trees / < 30 trees / > 30 trees 25 m

Height of the herbaceous layer Lower than 40 cm / higher than 40 cm 25 m

Bare land between the grass More than 50 % / 10-50 % bare land / 25 m
patches 0-10 % bare land

GIS variables
Habitat

Proportion of permanent Area of meadows with less than 100 m, 500 m, 1,000 m
meadows 50 trees / ha

Proportion of bushes Area with bushes and bushes like hedges 100 m, 500 m, 1,000 m
and trees between the meadow parcels

Succession
Proportion of partly overgrown Arable land in which 20-75 % is 100 m, 500 m, 1,000 m
arable land overgrown by trees larger than 10 cm

and not used for more than 20 years.

Proportion of meadows Meadows with large trees under which 100 m, 500 m, 1,000 m
with large trees grass is grazed or mown once a year.

Meadows have an area of around 80 %
and the tree crown cover is less than 75 %

Proportion of forest Forest cover 100 m, 500 m, 1,000 m

Anthropogenic disturbance
Proportion of urban areas Area covered with buildings and roads 100 m, 500 m, 1,000 m



RESULTS

57 singing males were recorded within the
study area. Altogether we found 9 sub popu-
lations. At the smallest scale, 25 m radius,
three habitat parameters were included in the
most parsimonious model: black pine abun-
dance, height of the herbaceous vegetation
and bare land between the grass patches. A
large part of the variability of the data was ex-
plained by this model (Nagelkerke r2 = 0.54).
The habitat suitability for the ortolan bunting
appeared higher when there were up to 30
black pines present than when there were no
trees, but statistical support was not convin-
cing (P = 0.069). If there were more than 30
black pine trees, no positive effect was ob-
served (P = ns) (fig 2a). The probability of
territories was higher for a lower herbaceous
layer (< 40 cm) than for higher vegetation
(> 40 cm) (P < 0.01) (fig 2b). Places with a low
proportion of bare ground (< 20 %) appear
to be less suitable for the ortolan bunting
than those with some bare patches (20 - 50 %),
although this difference was not statistically
significant (P = 0.078). There was a positive
effect when there were large surfaces of bare
land (> 50 %) (P < 0.01) (fig 2c).

The succession parameters combined with
habitat parameters gave the best fit for the
data of territorial habitat use in the 100 m ra-
dius scale (table 3; fig 3a). Permanent mea-
dows, meadows with large trees, partly over-
grown meadows and forest were favourable
for the ortolan bunting occurrence. Permanent
meadows and meadows with large trees were
the most favourable.

Two models were the most parsimonious
for the 500 m scale. The first included a ne-
gative effect of urban area cover and positive
effects of cover of permanent meadows, co-
ver of partly overgrown meadows and cover
of meadows with large trees (table 3; fig 3b).
The second model included cover of urban
area, cover of permanent meadows and cover
of meadows with large trees. The least expla-
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FIG. 2.—Proportion of investigated points with
ortolan bunting territories for the different habi-
tat parameter classes, within a 25 m radius area
around the singing post, using logistic regression:
(a) abundance of black pines, (b) height of the
herbaceous layer and (c) percentage of bare land
between grass patches. The letters indicate diffe-
rent groups.
[Probabilidad de que los puntos investigados in-
cluyan territorios de escribano hortelano para
las diferentes clases de parámetros de hábitats,
en un radio de 25 m alrededor del punto de
muestreo, usando regresión logística: (a) abun-
dancia de pino negro, (b) altura del estrato her-
báceo y (c) porcentaje de suelo desnudo entre
parches herbáceos. Las letras indican diferentes
grupos.]

a)

b)

c)
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natory model shows a positive effect of forest
cover in association with permanent meadows,
partly overgrown meadows and permanent
meadows with large trees.

On the 1,000 m scale, urban area cover
exhibited a negative effect, and positive effects
of permanent meadows with or without large
trees were included in the most parsimonious
model. In the less explanatory models, the fo-
rest cover had a negative effect when urban
area cover was included, but a positive effect
when the positively affecting partly overgrown
meadow cover was included (fig 3c).

The percentage of random points predicted
to be occupied by the ortolan bunting decrea-
sed at scales larger than 500 m but increased
at 1,000 m (fig 4). The proportion of inco-
rrectly predicted random plots at 100 m radius
scale was smaller by 0.27 than at the 500 m
radius (P < 0.05), but not different at the
1,000 m radius (P = 0.20). For all the scales,
the proportion of random points with a suita-
ble habitat for the ortolan bunting was less
than 0.3.
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FIG. 3.—Influence of the retained variables with
the largest effect in the models on the probability
of an ortolan bunting to occur in a 100 m (a), 500
m (b) or 1,000 m (c) territory.
[Influencia de las variables retenidas con mayor
efecto en los modelos sobre la probabilidad de que
un territorio de un radio de (a) 100 m, (b) 500 m
y (c) 1.000 m contenga escribano hortelano.]

FIG. 4.—Difference in proportions of random plots
with suitable habitats for ortolan bunting between
different scales.
[Diferencia en las proporciones de parcelas al
azar con hábitats propicios para el escribano hor-
telano entre escalas diferentes.]

a)

b)

c)



DISCUSSION

The ortolan bunting selects its territories
on the basis of different land use on different
scales. This is a step-down process: on lar-
ger scales (landscape and foraging scale), the
higher the proportion of meadows with or
without large trees the more likely the ortolan
bunting is to occur, while on the territory sca-
le the larger proportion of meadows comple-
tely or only partly overgrown with large trees
and a larger proportion of forest increased the
probability of the occurrence of a territory.
The number of sites which were not occupied
was better predicted for the larger scales than
at the territory level.

Regional differences and similarities between
temperate and Mediterranean habitats

The ortolan bunting breeds in both tem-
perate and sub-Mediterranean areas in very
different habitats (Cramp and Perrins, 1994;
BirdLife International, 2004). Our study
shows that they occur in open grassland are-
as, such as grazed or unmanaged pastures,
with bushes, large trees or patches of forests
in the vicinity, while having less forest cover
and urban area on the large scale. In tempe-
rate areas, on the other hand, it breeds in
farmland and bogs with dry and open micro-
habitat, and feeds in farmland (Dale, 2000;
Conrads, 1969). The ortolan bunting is posi-
tively related to permanent set-aside fields,
short rotation coppice and grazed and unma-
naged semi natural pastures on the territorial
scale (Berg, 2008). On the larger scale, the
probability of occurrence was higher in areas
where the preferred habitat types were clus-
tered (Berg, 2008).

The differences in selected habitat factors
between temperate and sub-Mediterranean
areas can be caused by several factors. First,
the ortolan bunting uses different habitat attri-
butes of the two areas for the same function.

For instance, a different array of high objects
is used as singing posts (e.g. houses, electric
wires and large bushes for temperate areas
and trees and electric wires for sub-Medite-
rranean areas). Again, it needs large open
areas for breeding sites, such as pastures in
sub-Mediterranean areas and open peatland
and farmland in temperate areas. Secondly,
some land uses, for example, the use of set-
aside fields or short rotation coppice, simply
do not exist or are not so frequent in sub-Me-
diterranean areas, where pastures are much
more common. Fonderflick et al., (2005)
found no influence of distance or proximity
of agricultural land on the probability of an
ortolan territory in sub-Mediterranean areas.
Other factors, such as food availability, were
not taken into account in the surveys but could
influence the occurrence of the ortolan bun-
ting. Further research on its general habitat
requirements is needed to determine the fac-
tors influencing the occurrence of the species
(Sánchez et al., 2009).

Multidimensionality in habitat selection

Birds have a hierarchical approach to selec-
ting their territories (Klopfer and Ganzhorn,
1985). This means that certain habitat attri-
butes are important on certain scales. In the
case of the ortolan bunting, it appears to have
a threshold strategy in that it visits at least two
suitable habitat patches and settles at the last
one (Dale et al., 2006). The actual choice of
its territory appears to be complex: the aggre-
gation of individuals in a preferred habitat
(Berg, 2008; this study) suggests that the lar-
ge size of areas with preferred habitat is an in-
dication for selection, but conspecific attrac-
tion can also play a large role (Vepsäläinen et
al., 2007). It is likely that a mixture of conspe-
cific attraction and environmental effects are
involved in its habitat selection.

Different ecological attributes are impor-
tant on different scales in habitat selection by

Ardeola 57(1), 2010, 55-68

DE GROOT, M., KMECL, P., FIGELJ, A., FIGELJ, J., MIHELIČ, T. and RUBINIĆ, B.64



the ortolan bunting. On the 100 m scale, the
territory level, patches of forests, high trees
and partly overgrown meadows are prefe-
rred. High trees and patches of forest are used
for singing posts (Fonderflick et al., 2005).
The trees on permanent meadows might also
be used as a breeding site because, although
the ortolan bunting is a ground breeder, it
also breeds occasionally in trees (Glutz von
Blotzheim and Bauer, 1997). However, this
study only focused on territories and it cannot
be affirmed where actual nesting sites were
located. Finally, the ortolan bunting is found
to feed on agricultural land at least 46 m from
the nest (Dale, 2000). In Kras, where there are
many insects, they could also use pastures as
a feeding ground.

On both 500 m and 1,000 m scales, road
and urban area cover, permanent meadows, and
permanent meadows with large trees, were the
parameters that best account for the probability
of a territory. The availability of feeding habi-
tats near breeding habitats could be another
reason for habitat selection of the ortolan bun-
ting (Dale, 2000). The ortolan bunting, which
is generally granivorous, switches to inverte-
brate food during the breeding season (Cramp
and Perrins, 1994). It usually prefers bare ground
between the vegetation, where food can be
collected more easily (Claessens, 1994; Glutz
von Blotzheim and Bauer, 1997), although
they are sometimes also seen feeding in trees.
They are known to collect food up to 2.7 km
outside the territory (e.g. Dale, 2000). Howe-
ver, in this study only a scale up to 1,000 m was
used. The feeding habitat use of the ortolan
bunting in Kras should be further investigated.

Interestingly, the effects of forest cover on
the occurrence of the ortolan bunting contrasts
between best and less explanatory models on
all scales. On the territorial scale, the forest
has a positive effect in the best explanatory
model and a negative effect in a poorer ex-
planatory model, while on the foraging level
the effect is opposite. On the landscape level,
there are also contrasting effects, but all in the

poorer explanatory models. These effects are
associated with other parameters in the mo-
dels. Where there is a much preferred habitat
(permanent meadows with or without large
trees), the ortolan bunting is positively affec-
ted, as the trees not only provide resources
such as insects, but also singing posts (Cramp
and Perrins, 1994). However, when disturbing
factors are included, the effect of forest is ne-
gative. The strong negative effect of forest
cover indicates the influence of the final sta-
ge of succession. Due to the loss of preferred
habitat, like permanent meadows, the ortolan
bunting is likely to avoid such areas.

This study shows the connection between
different habitats on different scales. The im-
portance of the connection between feeding
habitat and breeding habitat has been high-
lighted, for example, by Chalfoun and Martin
(2007). They found that the presence of diffe-
rent habitat attributes, such as density of po-
tential nest shrubs, that reduced predation rate
at the territorial scale and food availability at
the landscape level, can affect the survival rate
of the birds (Chalfoun and Martin, 2007).

Anthropogenic factors

The decrease of territory probability in
the vicinity of villages, settlements and in-
frastructure can be explained from a socio-
historical perspective and by direct anthropo-
genic disturbance.

Concerning the former, past overexploi-
tation in Kras has resulted in desertification.
Climate conditions in Kras are harsh and
settlements have been aggregated in the lower
altitudes, while pastures, the preferred habitat
of the ortolan bunting, were in the open areas.
Farmers have been abandoning their land for
some decades, since pasturing on these poor
grounds was not sufficiently profitable. The
former pastures thus became overgrown by
trees and bushes. However, the remaining
farmers still use pastures and permanent
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meadows, most of them being more than one
kilometre away from the settlements.

There is, however, the additional possi-
bility of direct anthropogenic disturbance.
Roads make areas more accessible for peo-
ple, enhancing disturbance in breeding and
feeding areas during the breeding season.
Additionally, pets, especially cats, increase
in numbers in the vicinity of settlements and
predate on the local bird fauna (Woods et al.,
2002). Bird and nest predation was beyond
the scope of this survey, but needs to be stu-
died to ascertain whether the absence is due
to predation by pets or other animals or to di-
rect disturbance by humans, or is the result of
socio-historical factors.

Implications for conservation

Many reasons have been suggested for the
decline of the ortolan bunting (Preiss et al.,
1997; Steifetten and Dale, 2006; Stolt, 1993).
In this study we found that habitat loss is one
of the main drivers of the rarity of the ortolan
bunting, which is now confined to only a very
few sites in Kras. These sites are characteri-
sed by large stretches of permanent meadows
with occasional patches of forest and bushes.
Due to abandonment of agriculture on the
permanent meadows and subsequent succes-
sion, they are disappearing. Overgrown mea-
dows, or areas with large forest covers in the
proximity, are usually avoided on a larger
scale. Thus the preferred habitat types are be-
coming increasingly rare in Kras. It has been
found that, when the patch size with preferred
habitat is maintained or increased, the popu-
lation of the ortolan bunting has the poten-
tial to increase in sub Mediterranean areas
(Brotons et al., 2005, Brotons et al., 2008).
Conservation effort should therefore be di-
rected to the increase of meadows in these and
surrounding areas.

In conclusion, our study shows first of all
that at territorial level habitat type and vege-

tation succession stages have a positive in-
fluence on the presence of the ortolan bunting,
while on larger scales the succession stages,
habitat types and anthropogenic disturbance
influence the presence of the ortolan bunting.
Second, the final succession stage, forest, has
a positive influence on territorial level while
a negative influence on larger level. Third,
there are less suitable sites, due to habitat se-
lection on the larger scales. This study shows
that habitat selection operates over different
spatial scales for the ortolan bunting. It is
therefore important, for the purpose of con-
servation, to incorporate this in species con-
servation plans.
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knjiga. Ljubljana.

PREISS, E., MARTIN, J.-L. and DEBUSSCHE, M. 1997.
Rural depopulation and recent landscape chan-
ges in a Mediterranean region: Consequences to
the breeding avifauna. Landscape Ecology, 12:
51-61.

QUINN, G. P. and KEOUGH, M. J. 2002. Experi-
mental design and data analysis for biologists.
University Press. Cambridge.

R DEVELOPMENT CORE TEAM 2008. R: A lan-
guage and environment for statistical compu-
ting. R Foundation for Statistical Computing.
Vienna.
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