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Occupancy and abundance of Little Owl Athene noctua
in an intensively managed forest area in Biscay
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We censused a population of Little Owls in Biscay (North Iberian Peninsula) using play-
back calls. We modelled their distribution using Geographic Information System (GIS),
extracting data on land use and landscape composition in occupied and unoccupied areas
at two different scales. Little Owl presence and habitat selection were mainly governed by
land use practice. The species was linked to traditional agri-pastoral exploitations. Vari-
ables such as topography, altitude, road density and urban areas had an effect at the lower
scale, whilst density of predator species had an effect only over habitat selection but not
over occupancy. At larger scales, the occupancy of apparently suitable areas was related
to the structure and spatial composition of land use and, especially, to the proportion of
forest plantations. Current policies of land management pay no attention to traditional ex-
ploitations and associated wildlife, and the promotion of forest cultures is responsible for
the decline of the species in many areas.

2001). This holds especially true in areas of West-
ern Europe, where demographic pressure, techno-

Precise knowledge of the habitat requirements of a
given species is needed for conservation purposes
as well as for developing adequate landscape man-
agement practices and regional or global policies
(Sanchez-Zapata & Calvo 1999, Pedrini & Sergio

logical development and market preferences, as
well as European agrarian policies, and global en-
vironmental policies, induce constant and drastic
changes in traditional agricultural practices and
land use (Potter 1997, Macdonald ez al. 2000). In
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general, habitat studies focus on large, flagship,
rare or endangered species, whereas species linked
to traditional agri-pastoral and rural systems are
usually regarded as abundant, and are therefore
relatively little studied (Tucker & Heath 1994).
Hence, there is a lack of information about species
that occupy such areas, although these areas are
among the most intensely managed ones. As a con-
sequence, it is often difficult to evaluate the impact
of common and widespread management prac-
tices.

This problem is illustrated by the Little Owl,
whose biology has received not much scientific at-
tention (with the exception of its diet), despite the
fact that it is widely distributed throughout Europe
(Mikkola 1983). Data available hitherto on Little
Owl’s habitat requirements are preliminary results
of broad censuses, coarse-grained studies or stud-
ies conducted at large ecological scales, and ge-
neric data directly derived from field observations
or personal experience (Zuberogoitia & Martinez-
Climent 2001, Ferrus ef al. 2002). Recently, some
specific works have been published focusing on its
ecology but mainly in Mediterranean areas (Mar-
tinez & Zuberogoita 2004a,b, Tomé et al. 2004).
The Little Owl’s suitable habitat is commonly de-
scribed as open agri-pastoral areas, meadows and
rural settlements. However, studies conducted so
far stress a decline in numbers of the species and
the existence of apparently suitable but unoccu-
pied areas (Zuberogoitia et al. 1998, Ferrus et al.
2002, Zuberogoitia 2002).

Habitat selection studies are commonly used in
ecology in order to understand distribution pat-
terns and regression causes of species, although it
should be noted that several problems regarding
techniques and terminology have arisen (Garshelis
2000). The main aims of this study are to identify
factors affecting site occupancy and density of Lit-
tle Owls in an area with an oceanic climate. We
here use habitat as a species-specific term, com-
prising the set of resources, conditions and struc-
tures required for its occupancy, and consider hab-
itat selection as the choice or use of precise struc-
tures resulting in an enhancement of the fitness of
the species (Garshelis 2000). Therefore, we com-
pare occupied areas to similar but unoccupied ones
in order to find variables defining habitat at fine-
scales, and we use an indirect method for measur-
ing habitat quality, assuming that higher quality ar-
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eas can harbour more individuals and, therefore,
that Little Owl occupancy and density are indica-
tive of habitat quality and fitness.

2. Material and Methods
2.1. Study area

The study was conducted in Biscay (SW Europe)
(Fig. 1). Biscay has an area of 2,236 km? and a po-
pulation of about 1,200,000 inhabitants. The land-
scape is hilly and rugged, and altitudes range from
sea level to 1,475 m.a.s.l. Hillsides and, especially,
valley bottoms are densely populated. The climate
is oceanic, with annual rainfall ranging between
1,200 and 2,200 mm, and annual average tempera-
tures varying from 13.8°C to 12°C. Winters are
mild and there is no summer drought. Outside ur-
ban areas, the land is mainly devoted to forest
plantations, mainly exotic Pinus radiata and Eu-
calyptus globulus, which occupy more than half
the surface of the area. Forest cultures underwent a
great expansion in 1995, and have since then been
expanding but to a much smaller extent (Depart-
ment of Environment and Land Use 2001). These
forests never reach maturity because they are cut
down every 30 and 15 years respectively (Loidi
1987). There are no other extensive cultures, and
agricultural practices are traditional small, mixed
cultures and orchards, as well as cattle and sheep
rearing, always in small quantities.

2.2. Census

The Little Owl population of Biscay was inten-
sively monitored from 1992 to 2002 as a part of a
wide research program on owl status and distribu-
tion in Biscay (Zuberogoitia 2002). For this pur-
pose, we performed playback calls in 2,056 points
homogenously distributed across the study area,
since this overcomes the problem of sampling bi-
ases towards areas of known presence or appar-
ently suitable ones. It also precludes errors in the
perceived abundance of Little Owls due to
changes in habitat quality, so that the obtained den-
sities are reliable (Martinez & Zuberogoitia
2004a). Previous studies determined that playback
broadcasting is the most efficient method for Little
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Fig. 1. Location of the study area (inset), and the distribution and density of Little Owl in Biscay, where darker ar-

eas show higher density.

Owl detection and that the season and the weather
conditions under which the playbacks are broad-
casted have no effect: Little Owl answering to
playbacks throughout the year and in every
weather conditions (Zuberogoitia & Campos
1998, Zuberogoitia 2002).

Therefore, we conducted censuses regardless of
season and weather conditions with the exception
of heavy rains, windy or stormy nights and others
that might lessen the audibility of playbacks and
responses. A tape with calls of males, females and
chicks was broadcasted for five minutes followed
by 10 minutes of listening (Zuberogoitia & Cam-
pos 1997). In case of broadcasting more than one
owl species, taped vocalizations were broadcasted
according to owl size, from the smallest to the big-
gest, to avoid antipredatory and competitive be-
haviours (Mikkola 1983). Distance between
censusing points was 200 m in flat areas and a
maximum of 500 m in slope ones. In addition, we
visited 1,180 churches and old buildings, all the
quarries in the study area, over 100 cliffs and rocky
areas and an undetermined number of trees as pos-
sible nesting places, and conducted 713 interviews
to keepers, wildlife biologists, naturalists and
countryside inhabitants. A first survey was con-
ducted from 1992 to 1996 covering the whole

study area, and negative points were revisited at
least two-three more times at different seasons to
double-check them. From 1996 to 2002 only
positives and apparently suitable areas were revis-
ited to check the general status and trends of the
population. For further details on census see
Zuberogoitia & Campos (1997, 1998).

2.3. Geographic modelling

We translated the 276 presence data obtained dur-
ing the census into a Geographic Information Sy-
stem (GIS) using digital cartography and geo-
referenced aerial photographs at ascale of 1:5,000.
We performed the Nearest Neighbour Analysis
(NNA) and found that the species had a clumped
distribution (Z=-19.9; P=0.361) and it was pos-
sible to distinguish seven population nuclei. The
average distance between Little Owls was 526
metres (SD = 573 m). We then produced a kernel
density estimator for the species distribution, us-
ing Least Square Cross Validation (Kenward
2001) for the calculation of the window radius.
Because the density estimator is not sensitive to
grid size, we used an ad hoc grid of 25 x 25 m
(Kenward 2001).
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Table 1. Variables included in the different analyses. NO indicates that the variable was not considered for that
particular analysis, and YES that it was included. Water, Rocky outcrops, Mixed uses, Urban, Meadows, Bush-
land, Conifers, and Broadleaves are the surface covered by each land use type in the area around the point of
census. Polygons, the number of different land use polygons in the area, Land uses, the number of different
land uses in the area. Altitude is the elevation (in m.a.s.l) of the Presence/Absence point. Relief and Buildings is
the number of isoclines and buildings within the area. Roads and Rivers the distance of paved road, and of
rivers and streams within the area. Tawny Owl is the density of that species in the central point of the area. Vari-
ables Meadow area, Meadow Perimeter and the Area/Perimeter ratio are only considered for the comparison
of meadows where the Little Owl is present and those from which it is absent.

Variables Habitat Site occupancy Site occupancy Meadows
selection at Home range at local landscape comparison
scale scale
Mixed uses and others NO NO YES NO
Urban YES YES YES NO
Meadows YES YES YES NO
Bushland YES YES YES NO
Conifers YES YES YES NO
Broadleaves YES YES YES NO
Polygons YES YES YES NO
Land uses YES YES YES NO
Altitude YES YES YES NO
Relief YES YES YES NO
Buildings YES YES YES NO
Roads YES YES YES NO
Rivers YES YES YES NO
Tawny Owl YES YES YES NO
Meadow area NO NO NO YES
Meadow perimeter NO NO NO YES
Area/perimeter NO NO NO YES

2.3.1. Scale selection

We selected two scales for the analyses: home
range scale and local landscape scale. For the cal-
culation of home range size we used the Nearest
Neighbour Distance (NND) and considered its
half as the home range size. The obtained radius of
263 metres is in agreement with the size of home
ranges obtained through radio-tracking in other ar-
eas (284 m in Miiller ez al. (2001), 309 m in Génot
& Wilhelm (1993)). For the analysis of landscape
scales, we could not use the landscape scale of 100
km? (Martinez et al. 2003, Martinez & Zubero-
goitia 2004b), because it would have provided too
few points for analysis, and would group together
areas of presence with large areas of absence.
Therefore, we used a smaller scale of 1,000 m ra-
dius as representative of local landscape and better
suited to the clumped distribution of the Little Owl
in the study area. This last scale did not produce
sufficient presence data for an analysis of habitat

selection and so we only tested its effect on occu-
pancy.

2.3.2. Variable selection and extraction

To assess how the distribution and proportion of
open areas, described as Little Owl’s habitat
(Génot & Wilhelm 1993, Zuberogoitia et al. 1998,
Ille & Grinschgl 2001), and other land uses affect
the species’ distribution, we measured the propor-
tion of each land use at both scales. The number of
land use polygons and the number of different land
uses within the area were included as indicators of
the mosaic of land management and of landscape
heterogeneity at both scales. We also computed the
length of rivers within the area. Since road traffic is
reported to have caused several Little Owl casual-
ties (Fajardo et al 1998, Martinez & Zuberogoitia
2004a), we included the length of paved roads as a
variable in the analyses. In the same way, as Little
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Owls use old buildings as nesting sites and urban
development may cause population decline (Mar-
tinez & Zuberogoitia 2004a), we included the
number of buildings within the area as independ-
ent variable. The possible influence of altitude and
topography were also considered, entering as in-
dependent variables the elevation of the centre of
the area and the number of isoclines within the area
(at each 20 m). Finally, because Tawny Owl (Strix
aluco) has been proposed as having a negative ef-
fect on Little Owl distribution through predation
(Zuberogoita et al. 1998, Zuberogoitia et al.
2005), we included the density of Tawny Owl as
independent variable at both scales (Table 1).

To extract the values of the variables, we first
randomly selected 110 out of the 276 presence
points. Then we created a set of buffers around
them using a radius of 263 metres and another of
1,000 m. To avoid pseudoreplication we discarded
overlapping areas, reducing available points to
103 areas with 263 m radius and 48 areas with
1,000 m radius. Then we overlaid these areas on
1:5,000 digital cartographic maps and aerial pho-
tographs, and 1:25,000 based digital land use
maps. Each area was converted intoa 5 x 5 m grid,
assigning to each cell its main use. Thus, land uses
in areas of 263 m radius were defined with 8,648
cells, and in areas of 1,000 m radius with 125,046
cells. In addition, we randomly created 43 points
in meadows without Little Owl to test for factors
that precluded its presence in apparently suitable
areas (Génot & Wilhelm 1993, Zuberogoitia et al.
1998, Ille & Grinschgl 2001, Ferrus et al. 2002),
and characterised them using the 263 and 1,000 m
radii.

For other variables, we calculated the number
of buildings included, length of paved roads, the
length of watercourses, altitude at the central point
and number of isoclines within each area using
digital cartography. In addition, to evaluate the in-
cidence of Tawny Owl densities, 1,683 presence
points of Tawny Owls obtained during the census
were digitalised. Then, we produced a kernel den-
sity estimator for the Tawny Owl using the LSCV
to set the window size and a 25 x 25 m grid. We
considered the density value for the species at the
central point of the areas as independent variable
for the analyses.

Finally, we used the kernel 95% probability
function for the Little Owl as species’ presence
area and separated meadows and pastures within
Little Owl presence areas from those outside Little
Owl areas. Then we measured the area and perime-
ter of each meadow and computed the area/perim-
eter ratio. We considered the former as indicator of
the total surface and the latter two as estimators of
the border effect and regularity of the shape.

2.4. Statistical analyses
2.4.1. Site occupancy

For the comparison of occupied and unoccupied
sites, we performed a Logistic Regression (LR)
(Morrison et al. 1998). The presence/absence bi-
nary response was used as dependent variable and
those landscape elements detailed in Table 1 at
each scale as dependent variables. Following the
recommendations of Morrison et al. (1998), we
used a set of 20 points and 5 plus for each variable
and a balanced representation of presence and ab-
sence points in the LR. For the LR we used the
Wald statistic and the Forward Stepwise method,
which is an exploratory tool that allows the best
predictors from the pool of potentially useful pa-
rameters to be identified. In this way, variables are
entered into the LR individually if they fulfil cer-
tain requirements. The selection of variables ends
when no further increase in the accuracy of the
model can be achieved.

2.4.2. Habitat selection

For this, we used the value of the Little Owl kernel
density estimator at the presence points as depend-
ent variable, which was normally distributed
/Kolmogorov-Smirnov test Z = 0.938; P = 0.34).
We tested the relationship between dependent and
independent variables using a Multiple Linear Re-
gression (MLR). The MLR is a parametric test that
analyses relationships between a normally distrib-
uted dependent variable and a set of independent
variables, looking also for possible synergies and
correlations among the latter (Shaw 2003).
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Table 2. Final steps of a stepwise forward logistic regression (entering variables in Table 1) for the occupancy at
the home range scale. Shown are the third and fourth steps. Variables included in the final model (third inclu-
sion step) are shown in bold. The fourth step had a lower kappa value and the variable included (Relief) was not
statistically significant, and this last step was therefore discarded (see text).

Step Variable Wald Beta P Correctly predicts
Positives Negatives Total
3 Conifers 4.431 -0.001 0.035
3 Altitude 3.881 -0.014 0.000 791 78.6 78.8
3 Roads 14.783 -0.003 0.000
3 Constant 18.635 4972 0.000
4 Conifers 4.588 -0.001 0.032
4 Relief 3.672 0.242 0.055
4 Altitude 14.847 -0.016 0.000 74.4 78.6 76.5
4 Roads 9.021 —-0.003 0.002
4 Constant 7.754 3.620 0.005

2.4.3. Comparison of meadows through presence
or absence of the Little Owl in the area

We performed the Mann-Whitney test (Zar 1999)
for the three variables, considering Little Owl
presence and absence areas as different data sets.

The critical probability value for statistical ac-
ceptance was always set at 0.05.

3. Results

3.1. Site occupancy

We used 43 Little Owl presence data and 42 ab-
sence data located in meadows for the study of oc-
cupancy at the home range scale. Main difference
between occupied and unoccupied sites was the
proportion of pine cultures in the area, with Little
Owl being absent of areas surrounded of or with a
great proportion of conifer forest (Table 2). Sec-
ond to the proportion of pine cultures, dense road
networks precluded presence of Little Owl at the
home range scale. Finally, a little proportion of ab-
sences was explained after the altitude of the area,
with Little Owl being absent from highlands (Ta-
ble 2). The LR for this scale produced a fourth step
including relief with a positive value, indicating
that Little Owl may prefer slope areas to flat ones,
but this variable did no reach statistical signifi-
cance and the fourth step had lower performance

that the third ones, so we discarded it (Table 2).
Little owl presence at the home range scale, there-
fore, was related to areas without conifers, scarce
paved roads and low altitudes.

For the analysis of the occupancy at the local
landscape scale we introduced 48 presence points
and 42 absence points. Again the key variable was
the amount of conifer cultures in the landscape
(Single step LR, Wald xz =20.0; P =10.001; cor-
rectly predicts 78.7%) as responsible for the ab-
sence of the Little Owl.

In conclusion, whilst dense networks of paved
roads and altitude of the area had a negative effect
over presence of little owl at fine scales, occu-
pancy of theoretically suitable areas for Little Owl
was heavily influenced by the presence and den-
sity of conifer cultures in the area as well as in the
surrounding landscape.

3.2. Habitat selection

In evaluating the effect of land use and other vari-
ables on the density of Little Owl, we used 103
presence points and the density of Little Owls as
dependent variable. The MLR produced a model
in six steps (Table 3), which included six variables
indicating a complex pattern of habitat selection.
The proportion of urban areas had a negative effect
on Little Owl’s density, with the species being
scarce in highly urbanised areas. In this way, ur-
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banisation of rural areas had a negative effect on
the species, although it creates open areas, glades
and fields in woodlands. In addition, Little Owls
became scarcer at higher altitudes. Little Owl den-
sity declines as overall proportion of forests (both
coniferous and broadleaved) increased and at
higher Tawny Owl densities (Table 3). We per-
formed Pearson’s correlation analysis with these
variables and found that, while Tawny Owl density
was independent of broadleaved forest surface
(Pearson’sr=0.099; P=0.24; n=145), there was a
correlation between Tawny Owl density and the
area covered by conifers (Pearson’s r = 0.28;
P =0.001; n = 145). Relief was the only variable
with positive value extracted by the MLR, indicat-
ing that Little Owl density was favoured in slope
areas while decreased in flat ones.

3.3. Comparison of meadows
through presence or absence
of the Little Owl in the area

We characterised 3,113 meadows from the study
area considering their area, perimeter and
area/perimeter ratio. 1077 of them were included
within the Little Owl’s distribution area, and the
other 2036 were from areas where Little Owl is ab-
sent. Meadows within Little Owl distribution area
where larger than meadows from areas where the
Little Owl is absent (Area: Mann-Whitney’s U=
992526.50; z= —4.373; sig=0.001. Perimeter; U=
993557.5; Z=-4.3; P=0.001.). More interesting,
Meadows within Little Owl distribution area were
more regular in shape as showed by their higher
Area/perimeter ratio (U = 986168.0; Z = —4.6;
P=0.001), indicating lower incidence of fragmen-
tation and border effect caused by woods and other
land uses in meadows from areas where Little Owl
is present than in meadows where the species is ab-
sent.

4. Discussion
4.1. Little Owl habitat in Biscay
We show that habitat occupancy and habitat selec-

tion of Little Owls are determined by a similar set
of variables. Remarkably, our models stress the

Table 3. Final model of a stepwise forward multiple
linear regression analysis on the habitat selection
analysis at the home range scale. For all variables
considered, see Table 1.

Variable Cumu- t Sig.
lative R

Urban 0.315 -6.3 0.000
Altitude 0.495 57 0.000
Conifers 0.565 -3.5 0.001
Density

of Tawny Owl 0.620 -3.1 0.003
Relief 0.651 29 0.005
Broadleaves 0.678 -2.5 0.013

avoidance of certain features rather than the pref-
erence for some areas. This avoidance probably is
a consequence of the procedure we used for the ex-
traction of absence points. Instead of using points
randomly distributed within the study area, we a
priori considered absence points in areas similar to
those actually occupied by the species. The main
aim of this procedure was to enlighten which fac-
tors determine the absence of apparently suitable
areas and to seek for habitat quality thresholds at
fine-grained scales rather than finding broad pref-
erence/avoidance patterns for different land uses
and landscape structures already described in the
literature (Zuberogoitia et al. 1998, Ferrus et al.
2002). Therefore, our avoidance pattern can be
viewed as indicative of habitat features that lessen
the attractiveness to Little Owls of areas that are
otherwise suitable for the species.

Our analyses show that Little Owls consis-
tently avoid conifer plantations at every spatial
scale. Rettie & Messier (2000) suggested that the
relative significance of each limiting environmen-
tal factor could be related to the scale of selection,
with more important factors driving preferences at
the broadest scales. Consequently, our finding that
the avoidance of conifers persists across the two
spatial scales that we here consider shows that pine
forests destined for timber is the main limiting fac-
tor for the distribution of the Little Owl in our
study area. The avoidance of forest is in agreement
with the reported selection of open areas else-
where in Europe. During the last century, modern
forestry has increasingly turned grasslands into
plantations of exotic species for timber. Such plan-
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tations currently occupy more than 50% of the
study area, and have led to a reduction in Little
Owl densities through habitat degradation (Zu-
berogoitia 2002). Thus, the abundance of pine
woodlands at broad scales explains previously re-
ported gaps in the distribution of the Little Owl in
apparently suitable areas (Zuberogoitia et al.
1998, Ferrus et al. 2002).

Interestingly, the absence of the Little Owl
from apparently suitable areas, mainly meadows
and pastures, is also in direct relation with the sur-
face area and shape of these habitats, i.e. to an ef-
fect of edge. Little Owls tend to be absent from
valleys with apparently abundantly suitable areas,
but where the suitable area is fragmented (inter-
spersed with forest cultures). This phenomenon
occurs not only because the area is partially cov-
ered by unsuitable patches, but also because artifi-
cial increase of the length of ecotones creates fa-
vourable Tawny Owl hunting habitats (Zubero-
goitia 2002). Indeed, our models show that Tawny
Owl density negatively affected the density of Lit-
tle Owls. This finding agrees well with an earlier
study on aggression and interspecific competition
in the owl community of Biscay, which showed
that — although direct attacks are rare — most at-
tacks were by Tawny Owl directed at Little Owls
(Zuberogoitia et al. 2005). The negative effect of
Tawny Owls on Little Owls is only highlighted in
the habitat selection analysis. High Tawny Owl
densities per se are thus not capable of preventing
Little Owl occupancy, which probably reflects the
low aggression intensity found by Zuberogoitia et
al. (2005). Tomé et al. (2004) also found that pre-
dation could rule nest-site selection and influence
the reproductive success of Little Owls. Taken to-
gether, these results therefore suggest a relation-
ship between human made structures and potential
predator densities. Increasing densities of Tawny
Owl are related to increasing proportion of for-
ested areas, and interactions between Tawny Owls
and Little Owls are therefore enhanced by higher
forest border and irregular meadow shapes, possi-
bly because they reduce distances between forest
edge and Little Owl nesting and hunting areas.

We show that altitude is another important
habitat variable for Little Owls. Its effect is, how-
ever, difficult to explain. The absence of the Little
Owl in high areas could be a consequence of a
more extreme climate, but the presence of the spe-
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cies in latitudes northern than the study area does
not bear out this hypothesis. Alternatively, the
lower quality of the agricultural soils in elevated
areas of Biscay, and the subsequent reduction in
prey abundance, could explain the inverse rela-
tionship. Several studies have pointed out the im-
portance for the Little Owl of small mammals,
worms, insects and other prey, which typically oc-
cur in rich agricultural lands (Blache 2001, Gout-
ner & Alivizatos 2003, Hounsome et al. 2004) that
are more commonly found in the lowlands.

We further found that absence of the Little Owl
is related to the abundance of roads. Several stud-
ies have highlighted the degradation of the envi-
ronment caused by roads and how they may have a
distancing effect on bird densities and activity (van
der Zande et al. 1980, Reijnen et al. 1996, Bautista
et al. 2004). Indeed, high road kill rates of Little
Owls have been reported (Fajardo ef al. 1998,
Martinez & Zuberogoitia 2003a). Roads influence
occupancy at home range level but not at land-
scape scale, nor do they influence habitat selec-
tion. This suggests that the effect of roads is local
and that Little Owls can tolerate roads up to a cer-
tain threshold, above which the species simply dis-
appears. However, this effect could be highly vari-
able, depending on the type of road, traffic density
and many other aspects. In relation to roads, the
proportion of the area occupied by urban uses was
the first variable extracted by the MLR. Obviously,
paved areas offer scarce resources to Little Owls,
but, on the other hand, rural settlements and old
buildings are the main nesting places in the study
area (Zuberogoitia 2002). Urban areas did not af-
fect occupancy, but this might be an artefact since
negative points were located in apparently suitable
areas (meadows) rather than in obviously unfa-
vourable areas such as big cities.

Relief was the only variable with a positive in-
fluence, as shown by the MLR. There are two non-
mutually exclusive hypotheses to explain why Lit-
tle Owls preferred rough terrain. On the one hand,
flat areas are exposed to high construction pres-
sure, with the consequent effects already discussed
in relation to roads and housings. On the other
hand, preference is probably related to food.
Earthworms are known to be the staple food of Lit-
tle Owls in oceanic climate areas (Hounsome et al.
2004). In addition, studies using night tape cam-
eras have reported a high consumption of earth-
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worms also in sub-Mediterranean areas (Blache
2001). Earthworms leave scarcely identifiable re-
mains in pellets but are probably very common in
the Little Owl diet across oceanic climatic areas of
Europe, as they are for other animals (Kruuk 1989,
Goszczynski et al. 2000, Zabala et al. 2002).
Earthworms are fairly common in meadows,
which is usually reported as Little Owl habitat
(Mikkola 1983, Génot & Wilhelm 1993, Ille &
Grinschgl 2001), but not in Mediterranean areas
(Martinez & Zuberogoitia 2004a), where the dry
climate prevents earthworm activity. Earthworms
are especially active near the surface, and there-
fore available to Little Owls on warm humid nights
and wet soils (Kruuk 1989). Areas with a certain
degree of topographic relief may offer great op-
portunities for catching earthworms at different
sites on most days. On rainy days high areas are
wet, and after some days with no rain lower areas
still retain water and earthworms, as a conse-
quence of drainage. Besides, the effect of relief on
dew may be important and in some areas earth-
worms are known to depend on dew for surface ac-
tivity (Kruuk 1989). On the other hand, flat areas
are close to rivers and usually water-logged as a
consequence of the rainy climate, which prevents
earthworm activity. It is worth noting that conifer
plantations are the poorest earthworm areas
(Kruuk 1989, Zabala et al. 2002).

4.2. Management and conservation
implications

In general, with the exception of altitude and relief,
habitat selection and occupancy of Little Owls in
Biscay are governed by how the landscape is man-
aged. In particular, forest plantations, urban areas
and road development have a clear effect on Little
Owls. Given the expansion that such land use has
undergone in recent decades, it is clear why there
has been a regression in the range occupied by Lit-
tle Owls, not only in the study area but also across
Europe (Tucker & Heath 1994, Génot et al. 1997).
International agreements and policies such as
the European Common Agrarian Policy or the
Kyoto protocol are partially aimed at preserving
biodiversity by, for example, promoting tradi-
tional agricultural practices or the creation of new
forests that act as carbonic dioxide sink. How re-
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sources available from such agreements are man-
aged is the responsibility of local governments
(MacDonald et al. 2000, Kleijn & Sutherland
2003). Such policies and programmes promote lo-
cal and regional landscape changes at many scales,
from reduced hedgerow presence to increased for-
est surface (MacDonald et al. 2000).

Our study, alongside others, suggests the fail-
ure of measures aimed at protecting biodiversity in
the agri-forestal networks. Regarding Little Owls,
this claim is based on: (1), Current forest policy,
which artificially increases the length of ecotones.
This increase creates hunting habitat for one of the
largest European Tawny Owl populations (over
1,500 territories of Tawny Owls known in the
study area, Zuberogoitia 2002) which may have
reduce biodiversity through competition and pre-
dation. (2), The exponential decrease in the avail-
ability of habitat for Little Owls and for most of the
owl guild (Zuberogoitia, 2002). In the same way,
references to apparently suitable but unoccupied
areas (Zuberogoitia et al. 1998, Ferrus et al. 2002)
reveal that many ecologists and wildlife managers
fail to understand habitat selection and occupancy
processes as multi-scale processes (Johnson
1980). As aresult, locally focused conservation ef-
forts may fail and thereby waste money, time and
enthusiasm (Kleijn et al. 2004). Research is
needed to understand how species respond to
changes at different scales in order to develop
better local and regional policies, and management
and conservation programmes that ensure produc-
tivity and wildlife conservation (Kleijn & Suther-
land 2003).

Finally, research into habitat use and selection
within the home range of Little Owls would help
identify land uses and features of priority for the
conservation and management of this Mediterra-
nean species in non-Mediterranean areas, as well
as temporal changes in habitat exploitation.
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Minervanpo6llon esiintyminen ja runsaus
intensiivisesti hoidetulla metsialueella
Biskajanlahden rannikolla

Tutkijat kartoittivat minervanpolloja Pohjois-
Espanjassa kayttdmalla atrappia. Havainnot liitet-
tiin paikkatietojérjestelméan (GIS), ja pollojen
esiintymisti eri ymparistoissd mallinnettiin kah-
dessa eri mittakaavassa. Minervanp6llojen esiin-
tyminen ja elinympériston valinta riippui pda-
asiassa maankdyttotavasta. Pollot viihtyivét par-
haiten perinteisessd maanviljelys- ja laidun-
maisemassa. Alueen pinnanmuodot ja korkeus
merenpinnasta seki teiden ja rakennettujen aluei-
den runsaus vaikuttivat minervanp6llon paikalli-
seen esiintymiseen. Petojen esiintyminen vaikutti
elinympariston valintaan, mutta ei siihen, esiintyi-
ko minervanpdllo ylipaétadn alueella vai ei. Alu-
eellisesti minervanpdllon esiintymisen vaikutti
maankayttd, ennen kaikkea metsien istuttaminen.
Tutkitun alueen nykyinen maankayttdpolitiikka ei
ota huomioon perinteisid maankayttémuotoja ja
niistd riippuvaista lajistoa. Monin paikoin miner-
vanpdllo on vihentynyt, koska alueille on istutettu
metsaa.
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