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Summary

 

1.

 

Habitat suitability models are usually produced using species presence or habitat selection, with-
out taking into account the demographic performance of the population considered. These models
cannot distinguish between sink and source habitats, causing problems especially for species with
low reproductive rates and high susceptibility to low levels of mortality as in the case of the critically
endangered Apennine brown bear 

 

Ursus arctos marsicanus

 

.

 

2.

 

We developed a spatial model based on bear presence (2544 locations) and mortality data (37
locations) used as proxies for demographic performance. We integrated an occurrence and a
mortality-risk Ecological Niche Factor Analysis model into a final two-dimensional model that can
be used to distinguish between attractive sink-like and source-like habitat.

 

3.

 

Our integrated model indicates that a traditional habitat suitability model can provide misleading
management and conservation indications, as 43% of the area suitable for the occurrence model is
associated with high mortality risk. Areas of  source-like habitat for the Apennine bears (highly
elevated areas rich in beech forests, far from roads, and with low human density and cultivated
fields) are still present, including outside the currently occupied range. However, attractive sink-like
habitat (associated with high levels of pasture, low extent of mountain meadows, low steepness, low
elevation, and closeness to secondary and urban roads) are present even inside protected areas.

 

4.

 

Synthesis and applications

 

. Identifying attractive sink-like habitat is crucial to prevent inappro-
priate management and to effectively address conservation issues: whereas existing source-like
habitats should be preserved to halt habitat loss and degradation, attractive sink-like habitat should
be managed to mitigate mortality risks or to decrease their attractiveness. In particular, area-
specific management interventions and proactive actions (increased patrolling, road closure,
human activity management, threat monitoring, etc.) aimed at reducing human-caused mortality
are critical for the Apennine brown bear.
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Introduction

 

Habitat suitability models (HSM) are usually produced using
species presence or habitat selection to infer habitat quality
(Guisan & Thuiller 2005). However, this approach does not
consider demographic performance at the population level,
leading to erroneous conclusions if  species occurrence does
not correspond to positive reproductive and survival rates
(Van Horne 1983; Garshelis 2000). High quality habitats
identified using species occurrence alone might actually be
located in ecological sinks, areas where reproductive and/or
survival rates are too low to sustain a viable population
(Pulliam 1988). ‘Attractive sinks’ represent a particular case

of ecological sink, with individual animals perceiving an area
as good habitat even when human-related habitat conditions
will ultimately reduce demographic performance (Delibes,
Gaona & Ferreras 2001).

Naves 

 

et al

 

. (2003) originally proposed the identification of
attractive sink-like habitats (areas of high habitat suitability
and high human-caused mortality) and of source-like habitats
(areas of  high habitat suitability and low human-caused
mortality) using a two-dimensional habitat model. Following
Naves 

 

et al

 

. (2003), sources and sinks are hereby referred to
as sink-like and source-like habitats to indicate that these
categories are based on habitat models without explicit
consideration of demographic features. This framework can
be used to develop two complementary strategies: conserva-
tion of source-like habitats, and management of attractive
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sink-like habitats to mitigate mortality risks (e.g. to control
accessibility to humans) or to make these areas less attractive
(i.e. to decrease habitat quality). The issue is particularly
relevant for species with low reproductive rates and high
susceptibility to low levels of mortality, especially in human-
modified landscapes (Delibes 

 

et al

 

. 2001). The Italian endemic
Apennine brown bear 

 

Ursus arctos marsicanus

 

 Altobello,
1921, clearly represents such an example.

Following habitat loss and direct persecution (Ciucci &
Boitani 2008), the Apennine brown bear is now restricted to a
5000–8000 km

 

2

 

 area in central Italy (Fig. 1). The current
population size does not exceed 40–50 individuals (Gervasi

 

et al.

 

 2008), corresponding to an effective population size of
4–10 bears (Ciucci & Boitani 2008), below what is usually
considered a viable population (Wiegand 

 

et al.

 

 1998).
The Apennine brown bear is protected by law and consid-

ered critically endangered by the International Union for the

Conservation of  Nature (IUCN 2007). The core of  the
subspecies’ distribution range covers 1500–2500 km

 

2

 

 across
the Abruzzo–Lazio–Molise National Park (PNALM) and
surrounding areas (Fig. 1; Bologna & Vigna-Taglianti 1992;
Posillico 

 

et al

 

. 2004). Few indirect signs of bear presence or
rare direct observations are recorded in other parts of  the
central Apennines (Terminillo mountains, Sirente–Velino
Regional Park, Sibillini National Park, Fig. 1), most probably
from dispersing individuals.

Recent HSMs suggest some 150–240 bears could theoreti-
cally live in the central Apennines (Posillico 

 

et al

 

. 2004; Falcucci
2007). Moreover, Falcucci 

 

et al

 

. (2008) projected that availa-
bility of suitable land-cover on a landscape scale should not
be a relevant issue for bear conservation, at least up to 2020.
These indications clearly support the idea that the subspecies
can potentially recover in the future and occupy an area larger
than the current range. However, the practical implications of

Fig. 1. Study area and location of the main
protected areas: (a) subdivision of the study
area in core area (Apennine brown bear core
range) and marginal area; the Aterno valley
and the Fucino area were excluded from the
analyses; (b) location of the study area in
Italy.
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these analyses for conservation planning are limited because no
consideration of human-related mortality has been included.

The importance of human-related mortality is indicated by
74 bears (L. Gentile and L. Sammarone, unpublished data)
killed by humans in the last 30 years in areas considered to be
good habitat inside the PNALM and its buffer zone. In this
context, traditional HSMs cannot provide useful indications
and habitat preservation does not represent 

 

per se

 

 a sufficient
solution. Proactive conservation actions aimed at reducing
human-caused mortality in the core population appear to be
critical and extremely urgent in order to facilitate the natural
expansion of the bear population in the long term (Ciucci &
Boitani 2008).

Using both occurrence data and records of human-induced
mortalities, we developed a habitat-based model for distin-
guishing attractive sink-like and source-like habitats for the
bear in the central Apennines based on Ecological Niche
Factor Analysis (ENFA; Hirzel 

 

et al

 

. 2002), providing a tool
that can effectively guide conservation planning and assist
management intervention on a large scale.

 

Materials and methods

 

STUDY

 

 

 

AREA

 

Our study area (9940 km

 

2

 

, Fig. 1) includes all protected areas (

 

≥

 

 42%
of the study area) where bear occurrence has been recorded in the
last 20 years (Febbo & Pellegrini 1990; Bologna & Vigna-Taglianti
1992; Boscagli 

 

et al.

 

 1995; Posillico 

 

et al. 

 

2004; Carpaneto & Boitani
2003; Ciucci & Boitani 2008). Outside of protected areas, we arbi-
trarily defined the boundaries of the study area following the main
topographic features (ridges and rivers), or main roads and admin-
istrative boundaries in more densely populated areas.

The area is mainly mountainous and covered by deciduous forests
(oak 

 

Quercus

 

 spp. below 1300 m elevation, beech 

 

Fagus sylvatica

 

above 1400–1500 m) interspersed with pasture and cultivated fields
at lower elevations. Human densities (higher at lower elevations)
range from 0 to 369 inhabitants km

 

–2

 

 at township level. We distin-
guished two zones within the study area (Fig. 1a): a core area
(2402 km

 

2

 

), covering the core of the bear range and characterized by
stable bear occurrence, and a marginal area (6381 km

 

2

 

), where
records of  individual bears are occasional and/or sporadic. The
two areas are similar with respect to elevation, land-cover, human
density, and road density (Supporting Information, Table S1).

We excluded from the study area the Aterno valley and the Fucino
lowlands (considered as non-habitat for the bear; Fig. 1a), areas
with highly intensive industrial, commercial and agricultural
activities, and where no signs of bear presence have been historically
recorded. A MANOVA

 

 

 

performed over land-cover, distance to roads,
elevation and human population density measured for 578 random
points in the Fucino and Aterno areas and 3390 random points in
the rest of the study area (1 point km

 

–2

 

 for both), confirmed that the
Aterno and the Fucino areas differ significantly from the study area
(Wilks’ 

 

λ

 

 = 0·635, 

 

P

 

 < 0·0001).

 

PREDICTOR

 

 

 

VARIABLES

 

We considered both environmental and anthropogenic factors (18
variables), all re-sampled using a common origin and 100 m

 

2

 

 cell

size. We obtained land-cover data from the CORINE Land Cover
(http://dataservice.eea.europa.eu/dataservice/). We aggregated the
original 39 natural and semi-natural land-cover classes into 10
categories considered to be relevant for the ecology of bears in the
Apennines (Carpaneto & Ciucci 2003). We also used the CORINE
layer to calculate distance to forest edges (negative values inside the
forest), considering all types of forests. To account for anthropogenic
factors, we considered human population density at the sub-
township level (Italian Institute of Statistics, updated to 2001) and
distance to urban, primary, and secondary roads (De-Agostini-
GeoNext and TeleAtlas road layers, updated to 2003).

We used a digital elevation model (Italian Military Geographic
Institute) to account for elevation, slope (percentage), and a terrain
ruggedness index (TRI, calculated within a 400-m circular moving
windows; Nielsen 

 

et al.

 

 2004). We chose the radius of the circular
moving window performing a fractal analysis (Names 2006) on the
movements of eight GPS radio-collared adult bears (see below). By
combining the fractal dimension from all movement paths, we found
a sharp discontinuity in the fractal curve (Names 2006) corresponding
to 400 m, that we assumed as representative of the scale at which
bears view their immediate surrounding area. According to the fractal
dimensions of movement paths and to the ecological homogeneity of
the core study area, analysis windows with larger radii were not
expected to influence our results.

We used the same circular moving window to run a map–algebra
focal function for each pixel within the study area and for each layer
(except TRI). For continuous variables, the focal function assigned
to the central pixel of the window the mean value calculated over all
the pixels inside the window; for categorical variables it assigned the
count of all pixels belonging to the given category. This function
allowed for a better approximation of the bear’s perception of the
environment, and also for the transformation from categorical to
continuous variables, as required by the modelling procedure (Hirzel

 

et al.

 

 2002).
We measured collinearity (here defined as 

 

r

 

 > | 0·6 |) among the
18 variables using Pearson correlations as calculated in BioMapper
(Hirzel 

 

et al

 

. 2002). TRI was correlated both with elevation
(

 

r

 

 = 0·74) and slope (

 

r

 

 = 0·62), and thus, it was excluded from further
analyses.

 

PRESENCE

 

 

 

AND

 

 

 

MORTALITY

 

 

 

DATA

 

We obtained four presence-only data sets on bear occurrence inside
the core distribution range. The first data set included direct or
indirect signs of presence collected all year-round by the PNALM
wardens from 1999 to 2003 (PNALM, unpublished data). The second
included direct observations systematically and opportunistically
obtained in 2006 inside the PNALM (P. Ciucci 

 

et al.

 

, unpublished
data). The third included locations of hair-sampled bear genotypes
collected from 2000 to 2003 (Randi 

 

et al.

 

 2004; Gervasi 

 

et al.

 

 2008).
The fourth data set included VHF- and GPS-locations on 11 radio-
collared bears (seven adult females and four adult males) from
March to December (2005–2006; P. Ciucci 

 

et al

 

., unpublished data).
All data sets were censored for spatial accuracy and sub-sampled to
increase spatio-temporal independence, selecting locations at least
400 m and 24 h apart from each other. The first two data sets (1310
and 89 bear locations) were pooled and used as input for the bear
occurrence model; the other two (239 and 906 bear locations)
were used for model evaluation. We assumed that potential annual
variations in bear–habitat relationships over the period in which
bear presence data were collected (1999–2006) were negligible in
terms of their effects on model performance.

http://dataservice.eea.europa.eu/dataservice/
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We obtained two data sets on bear mortality collected by the
PNALM (L. Gentile, unpublished data) and the Italian Forest Service
(Posillico, Petrella & Sammarone 2002; L. Sammarone, unpublished
data) for a total of 74 cases of bears retrieved dead from 1980 to
2007. From these, we excluded 10 cases with inaccurate (

 

≥

 

 0·5 km) or
missing coordinates and, to account for anthropogenic bear mortality
only, additional 27 cases not attributable to human-caused mortality.
We therefore considered 37 independent, human-caused bear
mortality records.

 

ECOLOGICAL

 

 

 

N ICHE

 

 

 

FACTOR

 

 

 

ANALYSIS

 

We used ENFA to develop a bear occurrence model and a model of
human-caused mortality risks. ENFA does not require absence data
and it is relatively robust to different habitat-occupancy relation-
ships, including those of unstable, exploited or expanding popula-
tions (Hirzel, Helfer & Métral 2001). ENFA extracts from a set of
environmental variables all relevant ecological information, while
minimizing multicollinearity and redundancy (Hirzel 

 

et al

 

. 2002). To
give an overall representation of a species’ ecological niche, the
ENFA algorithm calculates global marginality and global tolerance
(Hirzel 

 

et al

 

. 2004), both ranging from 0 to 1. Global marginality
measures how much the species’ habitat use is different from the
mean habitat availability in the study area (the higher the value, the
higher the difference). Global tolerance measures niche breadth (i.e.,
specialization), with low values indicating a specialist species and
high values indicating a tolerant species. Moreover, ENFA calculates
a set of new uncorrelated predictor factors from the available envi-
ronmental variables. The first factor accounts for all the marginality,
whereas the others refer to specialization (Hirzel 

 

et al

 

. 2002). Further
details on ENFA can be found in Hirzel 

 

et al

 

. (2002, 2004). We
implemented ENFA using Biomapper (http://www2.unil.ch/
biomapper/).

 

BEAR

 

 

 

OCCURRENCE

 

 

 

MODEL

 

By pooling the first two data sets on bear locations (see above), we
obtained 1399 occurrence points (64% from spring to early hyper-
phagia, March–August; 30% from late hyperphagia to denning,
September–December) that we used in the ENFA analysis to build a
bear occurrence model (BO model) for the entire study area. Although
ENFA should prove robust to unstable or expanding populations
(Hirzel 

 

et al

 

. 2001), we tested for the possibility of bias due to the
absence of bear locations outside the core area. Specifically, using
the same occurrence points, we built a second BO model considering
as the area of available habitat the core area only. We measured the
convergence between the two BO models (entire study area vs. core
area only) by calculating the spatial correlation between their suit-
ability scores (Goodchild 1986). We also compared the two ENFA
analyses considering global marginality, global tolerance, and the
relative importance of the different environmental variables. Based
on the distribution of the original suitability values (ranging 0–100),
we reclassified the BO model into four discrete suitability classes:
unsuitable (first quartile), low (second quartile), medium (third
quartile), and high suitability (fourth quartile).

 

MODEL

 

 

 

OF

 

 

 

HUMAN

 

-

 

CAUSED

 

 

 

MORTALITY

 

 

 

R ISK

 

Using the bear mortality data set, we followed the same procedure
described above to build a model of human-caused mortality risk
(BM model) for the bear covering the entire study area. We also

measured the convergence between the BM model for the entire
study area and a BM model covering the core area only obtained
using the same mortality data set. We then calculated the spatial
correlation between the two models (Goodchild 1986), and compared
global marginality, global tolerance, and the relative importance of
the different environmental variables. We reclassified the BM model
into four classes of human-induced mortality risk using the same
procedure described for the BO model.

The limited sample size of human-caused mortalities may affect
accuracy and stability of the final BM model. However, the accumu-
lation of  a larger data set of  bear human-induced mortalities is
unrealistic, and thus, we quantified the model’s stability by comparing
the BM model with alternative models obtained using progressively
rarefied data sets of mortality events. Starting from the original data
set (

 

n

 

 = 37 mortality records), we randomly excluded 

 

i

 

 records at
a time (1 

 

≤

 

 

 

i

 

 

 

≤

 

 19). We thus obtained sub-samples of size 

 

n

 

i

 

 ranging
from 36 to 18 records, and for each sub-sample we built a new BM
model. We repeated the process based on 

 

j

 

 random replicates (without
replacement) for each sub-sample of size n

 

i

 

, and we built  BM
models for each rarefied data set. As the number of  all possible
random replicates for a given sub-sample size (

 

n

 

ij

 

) increases rapidly
with increasing 

 

i

 

(

 

j

 

 = 

 

n

 

!/(

 

n

 

 

 

−

 

 

 

n

 

i

 

)! 

 

n

 

i

 

!), we randomly selected 100 repli-
cates for values of 

 

i

 

 

 

≥

 

 2, obtaining 1837 BM models (37 for 

 

n

 

1

 

 = 36,
plus 1800 for 18 

 

≤ 

 

n

 

i

 

 

 

≤

 

 35). We set the minimum sub-sample size at

 

n

 

19

 

 = 18 mortality events, one more than the number of variables
used to build the model. For each of the 1837 alternative models, we
calculated the spatial correlation with the original BM model suita-
bility scores (Goodchild 1986).

 

MODEL

 

 

 

EVALUATION

 

We evaluated the predictive power of the BO model using two inde-
pendent data sets (239 hair-sample locations, and 906 radio-locations of
collared bears) and calculating the Boyce index (Boyce 

 

et al.

 

 2002;
Hirzel 

 

et al.

 

 2006). The Boyce index offers a measure of how much
model predictions differ from a random expectation, by calculating
the ratio between two frequencies for each suitability class: the
frequency predicted by the model (proportion of evaluation points
falling in a given suitability class) and the frequency expected
(proportion of the study area belonging to a given suitability class).
The Boyce index (ranging from 

 

−

 

1 to +1) is a Spearman rank corre-
lation between the predicted-to-expected ratios and the mean value
of each habitat suitability class. Positive values close to 1 indicate a
high predictive value for the model (i.e. model predictions consistent
with the evaluation data).

In the absence of an evaluation data set for the BM model, we
used a jackknife procedure (Efron & Tibshirani 1993) over the 37
human-caused mortality records to calculate the Boyce index for the
BM model. The predicted frequencies were obtained by assigning, at
each of the 37 points, the mortality-risk class calculated with a
model built using the 36 jackknife locations, whereas the expected
frequencies were calculated using the BM built with all the 37
mortality locations.

 

TWO

 

-

 

D IMENSIONAL

 

 

 

HABITAT

 

 

 

MODEL

 

To obtain the final two-dimensional model, we integrated the reclas-
sified BO and BM models for the study area. We defined seven habitat
states (Fig. 2) based on the interactions between suitability and
mortality risk categories: unsuitable habitat (unsuitable class in the
BO model and all mortality risk values); attractive sink-like habitat
states (medium and high mortality risk); source-like habitat states

∑ =i ij1
19

http://www2.unil.ch/biomapper/
http://www2.unil.ch/biomapper/
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(no and low mortality risk). The three suitability classes in the BO
models were used to define three possible levels (of attractive sink-like
or source-like habitat): third level corresponding to low suitability,
second level corresponding to medium suitability, and first level
corresponding to high suitability (Fig. 2). Although no claim is made
about the correspondence among these categories and specific
positive or negative growth rates for the bear population, we assume
that they do represent reliable rankings for attractive sink-like and
source-like habitats.

 

Results

 

BEAR

 

 

 

OCCURRENCE

 

 

 

MODEL

 

The BO models covering the entire study area and the one
covering the core area only were highly correlated in their

suitability scores (

 

r

 

 = 0·96; P < 0·0001), indicating low bias
from this source. Moreover, the two ENFA analyses gave
comparable results for global marginality, global tolerance,
and for the relative importance of  the different predictor
variables. The Boyce index for the BO model was 1 (P < 0·0001)
for both the evaluation data sets.

In the BO model (Fig. 3a), we maintained the first nine
factors (marginality plus the first eight specialization factors)
for 93·4% of the total information (100% of the marginality
and 86·9% of the specialization). ENFA results showed that
the Apennine brown bear habitat differs considerably from
the mean conditions found over the entire study area (global
marginality = 0·76), although the species’ ecological require-
ments do not seem to be restricted considering the range of
conditions found in the study area (global tolerance = 0·52).

Fig. 2. Subdivision into the seven habitat categories of the two-dimensional model based on the bear occurrence (BO) and the bear mortality
(BM) models.

Fig. 3. (a) Bear occurrence (BO) model; (b) Bear mortality (BM) model.
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The marginality scores (Table 1) showed that bear presence is
associated with high-elevation areas rich in beech forests, far
from roads, and with low human density and few cultivated
fields. Some specialization is apparent particularly for beech
forests, mountain meadows, oak forests, agricultural areas,
and moors (Table 1).

MODEL OF HUMAN-CAUSED MORTALITY RISK

The BM models for the entire study area and the one for the
core area only were highly correlated in their mortality risk
scores (r = 0·75; P < 0·0001). The two ENFA tests gave com-
parable results for global marginality, global tolerance, and
for the relative importance of the different predictor variables.
The jackknife Boyce index for the BM model was 0·8, indi-
cating a good model performance, although it was not statis-
tically significant (P = 0·2) because of the low power of the
test (1 − β = 0·42, α = 0·05; Faul et al. 2007).

In the BM model (Fig. 3b), we considered the first seven
factors (the marginality plus the first six specialization
factors) accounting for 92·8% of the total information (100%
of the marginality and 83·9% of the specialization). ENFA
results showed that human-caused mortality risk for bears is
associated with environmental conditions on average different
from the mean values found in the study area (global
marginality = 0·56), although risk of human-caused mortality
is not particularly restricted considering the range of conditions
that characterize the study area. The marginality coefficients
(Table 1) showed that human-caused mortality risk for bears
in our study area is associated with high levels of pasture, low
extent of mountain meadows, low steepness, low elevation,
and closeness to secondary and urban roads. Some speciali-
zations are evident for beech forest and mountain meadows,
for elevation, and for distance to forest edge (Table 1).

Correlation among the study area BM model and the alter-
native 1837 BM models based on increasingly rarefied data
sets indicated substantial stability of  the model, with a
mean correlation of r = 0·797 (± 0·12 SD), ranging from
0·649 (for data set with n = 18) to 0·969 (n = 36).

TWO-DIMENSIONAL HABITAT MODEL

The two-dimensional habitat model (Fig. 4) classified 26% of
the study area as unsuitable, 32% as an attractive sink-like
habitat, and 42% as a source-like habitat, with no particular
difference among the core and the marginal area (with the
exception of a higher share of attractive sink-like habitats in
the core area and a higher share of unsuitable zones in the
marginal area; Supporting Information, Table S2).

Unsuitable areas (Fig. 4; Supporting Information, Table
S3) were mainly localized in low-elevation flat areas, where
agriculture was the dominant land-cover and with high
human population and road densities. Moving towards higher
elevations, there was a mosaic of second- and third-level
attractive sink-like and source-like habitats, followed by
first-level attractive sink-like and source-like habitats. The
first-level source-like habitats occurred mostly along the
steeper slopes, away from urban and secondary roads, with
beech forest and mountain meadows being the dominant
land-covers. Beech forests are also important for first-level
attractive sink-like habitats which, compared to first-level
source-like habitats, were located closer to secondary roads
and in areas with lower slopes (Supporting Information,
Table S3). The third- and second-level attractive sink-like
habitats were much more heterogeneous, with oak and
mixed, broadleaf forests covering respectively 58% and 19%
(Supporting Information, Table S3). Herbaceous and low
vegetation are the predominant land-cover classes in the

Table 1. Contribution of the 17 environmental variables to the marginality and specialization factors for the bear occurrence (BO) and
mortality (BM) models

Predictor variables

BO model BM model

Marginality Specialization Marginality Specialization

Intensive agriculture −0·128 13·571 0·06 6·912
Heterogeneous agriculture −0·179 12·776 −0·006 6·218
Oak forest −0·156 17·152 −0·152 6·85
Broadleaved forest −0·171 11·7 0·205 6·251
Mixed forest 0·095 8·655 0·125 4·821
Beech forest 0·469 24·896 0·121 12·657
Pasture −0·015 10·385 0·638 7·196
Mountain meadows −0·112 20·611 −0·444 16·972
Moors −0·12 14·829 −0·007 8·508
Barren 0·098 9·572 −0·017 10·023
Distance forest edge −0·269 8·316 −0·197 11·915
Distance primary road 0·422 5·088 0·287 4·146
Distance secondary road 0·168 4·595 −0·197 7·805
Distance urban road 0·281 6·848 −0·126 5·908
Population density −0·118 10·709 −0·059 6·219
Elevation 0·497 11·43 −0·197 10·048
Slope 0·121 5·186 −0·281 6·592
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second and third level of source-like habitat (68% and 64%,
respectively). In both cases, human population density was
higher compared to the first level of  source-like habitat
(Supporting Information, Table S3).

Discussion

Any evaluation of habitat quality should be explicitly linked
with demographic features or vital statistics (Thomas &
Kunin 1999), especially for slow-reproducing species living in
human-dominated landscapes (Naves et al. 2003). Since
survival can vary among habitats and landscapes, relying on
animal occurrence alone for the assessment of habitat quality
is questionable (Van Horne 1983; Battin 2004), with the risk
that attractive sinks remain undetected. From a practical
conservation perspective, therefore, traditional HSMs can
produce incomplete or misleading indications when the
model output is integrated into conservation and manage-
ment planning. Notwithstanding habitat suitability (but see
Mitchell & Powell 2003), survival and long-term population
dynamics of a species can be substantially affected by human-
caused mortality (Treves & Karanth 2003), which may
eventually drive small populations to extinction (Swenson
et al. 1995). This is particularly true in the case of large car-
nivores living in human-dominated landscape where factors

determining survival and reproduction are often unrelated or
even negatively correlated (Naves et al. 2003).

Although habitat loss has often been indicated as one of the
main factors potentially affecting the Apennine brown bear
population (Boscagli 1999; Lorenzini et al. 2004), bear habitat
availability at the landscape scale does not seems to represent
a limiting factor (Posillico et al. 2004; Falcucci et al. 2008),
and the same indication is given by our BO model. However,
comparing our final two-dimensional model with those
already available (Posillico et al. 2004; Falcucci et al. 2008;
our BO model), it is clear that most of  what is usually
identified as suitable habitat for the bear the Apennines is
actually composed of attractive sink-like habitats (43% of all
the suitable in our BO model). Thus, effective control of
human-related mortality should be regarded as high priority
for the conservation of the bear population (Posillico et al.
2004; Ciucci & Boitani 2008). From this perspective, a habitat
quality model based on demographic performance would
represent a useful tool for the conservation and management
of the Apennine brown bear population.

We used bear presence and mortality as a proxy of
demographic performance in the absence of more detailed
demographic data, assuming that human-caused bear
mortalities can be used to model the effect of habitat and
anthropogenic features on bear survival, and that bear pres-
ences can be used to model occurrence. The same approach,
based on logistic regression functions, has already been used
to identify attractive sink-like and source-like habitats for
brown bears in Spain and Canada (Naves et al. 2003; Nielsen,
Stenhouse & Boyce 2006). For the Apennine brown bear
population, we preferred ENFA because Generalized Linear
Models  can be negatively affected if  the modelled population
has yet to reach its equilibrium density in the study area, or if
its extent of occurrence is still limited compared to the available
habitat (Hirzel et al. 2001). It is important to recognize,
however, that a distribution model considering an area only
marginally used by a species has a number of potential eco-
logical and theoretical problems (Guisan & Thuiller 2005). In
our case, no data sets on presence or mortality were available
outside the core area due to the occasional and inconsistent
presence of bears in the marginal area. Nevertheless, since we
deemed it important to produce a model applicable to the
entire bear range in the central Apennines, we performed our
ENFA tests over the entire study area and we compared the
BO and BM models with those developed for the core area
only. In both cases, the relative importance of the predictor
variables was the same, the suitability scores were highly
correlated, and the values of global marginality and tolerance
were very similar, clearly indicating that our core-area only
models can be safely expanded to the entire study area.

Naves et al. (2003) built their two-dimensional model
considering only variables related to natural resources for the
model of habitat suitability and human-related variables for
the mortality model. They argued that an occurrence model
including both natural and human variables can potentially
obscure the separation of effects on reproduction and survival.
However, we followed the approach suggested by Nielsen,

Fig. 4. Two-dimensional habitat model.
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Stenhouse & Boyce (2006), considering both types of varia-
bles in both models. In central Italy, the interspersion of
resources among artificial and natural habitats is particularly
widespread and well-established (Falcucci, Maiorano &
Boitani 2007), and it would be misleading to distinguish
‘pure’ human-related effects from natural ones on survival
and/or habitat suitability.

Evaluation of both models was positive, even if  there was
weaker evidence in support of the BM model due to the low
power of  our test. However, the BM model was extremely
stable in its predictions for increasingly smaller sample sizes,
further supporting our confidence in the model itself. As no
data set on demographic statistics is yet available for this bear
population, no formal evaluation was possible for the
two-dimensional habitat model. We therefore adopted the
simplest possible approach by selecting the suitability/
mortality risk threshold values, with no direct indication that
this is the optimal solution for the system we analysed (Liu
et al. 2005; Jiménez-Valverde & Lobo 2007). As a consequence,
the classification adopted for our two-dimensional model
may be susceptible to some degree of arbitrariness and,
although it does provide useful management indications, we
cannot claim that it is representative of the unknown under-
lying demographic patterns. However, indirect support for
the model comes from the Velino–Sirente Regional Park
(Fig. 1), the only protected area outside PNALM that has
hosted at least one reproducing female and other bears over
the past 10 years (P. Morini, personal communication): this
area has the highest share of first-level source-like and the
lowest share of first-level attractive sink-like habitat.

One limitation of our approach is that the BM model may
be affected by different sources of bias. In particular, we do
not expect that our sample included all human-caused bear
mortalities, but we do believe that most of the bears killed in
these past three decades were reported. Accordingly, we
assume that the spatial pattern of mortality events is repre-
sentative of the true distribution of human-induced mortality
risk for the Apennine bear population. In fact, given the
estimated population size of 40–50 bears (Gervasi et al.
2008), we expect the unreported proportion of human-caused
bear mortality to be limited and to reflect patterns similar to
the known sample. In addition, given the high social appeal of
the bear among local populations, and the high human activity
within the bear range (park patrolling, livestock grazing,
tourism, timber harvesting, hunting, etc.), it is unlikely that
killed bears go unreported for long. Moreover, our simula-
tions to test the BM model performance showed that the
model was consistent and stable over increasingly smaller
sample sizes, yielding confidence in its spatial predictions. As
our main aim was to provide a tool to encourage a reduction
in human-caused bear mortality, the effect of potential
sources of bias in our bear mortality data should be minimal
and, most importantly, should not affect the habitat-specific
ranking in mortality risk.

Given the limited sample size of our bear mortality data,
we could not distinguish among different human-related
mortality causes within attractive sink-like habitats. Moreover,

we pooled all bear mortalities reported from 1980 onwards
for sample size requirements, thereby equating patterns of
mortality risk throughout the last 27 years. Although human-
caused bear mortalities have fluctuated significantly over the
past 20 years, management or control reactions to illegal
mortality have not changed or intensified (Ciucci & Boitani
2008), and it can be reasonably assumed that today Apennine
brown bears face similar mortality risks to those in the 1980s.

A similar problem was potentially introduced in our BO
model (pooling fallacy: Schooley 1994), for which we used
bear presence data collected from March to December, and
for different age and sex classes. A higher resolution in our BO
model could have been achieved by focusing on the most
sensitive demographic vector (reproducing females) during
the most critical biological season (late hyperphagia), but
unfortunately no such data are yet available for our bear
population. However, we are confident that the habitat quality
description we achieved through the integrated BO/BM model is
adequate enough to provide a meaningful improvement over
previous habitat quality models.

In terms of overall habitat quality, our integrated model
indicated that the core area still hosts important habitat for
the Apennine brown bear, and that the marginal area comprises
several unoccupied and potentially suitable areas where the
population can be expected to expand in the future. However,
areas of medium to high mortality risk are widespread
throughout the study area (Fig. 3b), with attractive sink-like
habitats being common inside and outside protected areas
(Fig. 4).

We found that many areas characterized by high habi-
tat suitability, as identified through traditional modelling
(Posillico et al. 2004; Falcucci 2007; Falcucci et al. 2008; Fig. 3a),
were highly interspersed with attractive sink-like habitats
(Fig. 4), confirming that human-caused mortality should be
regarded as the most important threat to the Apennine brown
bear population (Ciucci & Boitani 2008). We consider the
identification of first-level source-like and attractive sink-like
habitats as an essential element of a renewed Apennine brown
bear conservation strategy. Our model identifies first-level
attractive sink-like habitats in the core area and along potential
travel routes used by bears dispersing from the PNALM, and
provides a first description of their environmental character-
istics. Area-specific management interventions (patrolling,
road closure, human-conflict management, threat monitoring,
etc.) should be quickly implemented to prevent human-caused
mortality. In this perspective, the authorities in charge will
benefit from knowing the distribution of attractive sink-like
habitats within their jurisdiction and the potential role they
might play in maintaining large-scale habitat connectivity for
the bear. On the other hand, management interventions
aimed at increasing habitat attractiveness and suitability for
bears (e.g. the long time feeding campaigns implemented
in the PNALM; Ciucci & Boitani 2008), could obtain the
opposite, unexpected result and increase susceptibility of
bears to human-caused mortality if  these interventions are
not planned according to the distribution of  mortality risk.
If  risk factors are not adequately mitigated, management
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actions focused on a specific land-cover category should not
be considered as priorities for conservation given that, based
on our results, first-level sink-like and source-like habitats
share similar environmental characteristics. In addition,
landscape patterns should be explicitly considered when
targeting restoration or management areas to avoid isolation
of sites within a high mortality risk matrix.

Nielsen, Stenhouse & Boyce (2006) recognized that two-
dimensional modelling allows different conservation and
management goals. For instance, the ‘no net loss’ of source-
like habitats: if  a given land-use activity ends up turning a
bear habitat area into an attractive sink-like habitat, an equi-
valent amount of attractive sink-like area should be restored
towards source-like bear habitats (e.g. deactivation and re-
vegetation of roads). However, given the current situation of
the Apennine brown bear population and its range (Ciucci &
Boitani 2008), we believe any efforts should rather be devoted
at this stage to significantly reduce the extension of attractive
sink-like habitats. Especially within established protected
areas like the PNALM, a management goal of ‘net loss’ in
first-level attractive sink-like habitats should be promoted
through proactive management intervention and effective
direct control of human access and activity.

Acknowledgments

The PNALM Scientific Service and the Forest Service (Ufficio Territoriale per
la Biodiversità, Castel di Sangro) provided the data sets on bear presence.
L. Sammarone and M. Posillico (Forest Service), and L. Gentile (PNALM) provided
data set on known bear mortalities. The Ministry for the Environment–
Directorate for Nature Conservation provided part of the spatial data. The
project was partly funded by the Wildlife Conservation Society through a
private US donor to support the Large Carnivore Project in Abruzzo.
E. Tosoni, L. Grottoli, R. Latini and S. d’Alessio assisted with field data.
J. Rhodes, R.A. Powell and two anonymous referees provided useful suggestions.

References

Battin, J. (2004) When good animals love bad habitats: ecological traps and the
conservation of animal populations. Conservation Biology, 18, 1482–1491.

Bologna, M.A. & Vigna-Taglianti, A. (1992) Osservazioni sull’areale dell’orso
marsicano con particolare riferimento al Gran Sasso e ai Monti della Laga.
Italian Journal of Mammalogy, 5, 75–80.

Boscagli, G. (1999) Status and management of the brown bear in central Italy
(Abruzzo). Bears: Status, Survey and Conservation Action Plan (eds C.
Servheen, S. Herrero & B. Peyton), pp. 81–84. IUCN-SSC, Gland, Switzer-
land.

Boscagli, G., Pellegrini, M.S., Febbo, D., Pellegrini, M.R., Castellucci, C. &
Calò, C.M. (1995) Distribuzione storica recente (1900–1991) dell’orso
bruno marsicano all’esterno del Parco Nazionale d’Abruzzo. Atti Società
Italiana di Scienze Naurali, 134, 46–84.

Boyce, M.S., Vernier, P.R., Nielsen, S.E. & Schmiegelow, F.K.A. (2002)
Evaluating resource selection functions. Ecological Modelling, 157, 281–300.

Carpaneto, G.M. & Boitani, L. (2003) Ursus arctos: distribuzione geografica.
Fauna d’Italia. Mammalia III: Carnivora – Artiodactyla (eds L. Boitani, S.
Lovari & A. Vigna-Taglianti), pp. 92–94. Calderini Editore, Bologna, Italy.

Carpaneto, G.M. & Ciucci, P. (2003) Urusu arctos: notizie ecologiche ed
etologiche. Fauna d’Italia. Mammalia III: Carnivora – Artiodactyla (eds L.
Boitani, S. Lovari & A. Vigna-Taglianti), pp. 94–97. Calderini Editore,
Bologna, Italy.

Ciucci, P. & Boitani, L. (2008) The Apennine brown bear: a critical review of its
status and conservation problems. Ursus, 19, 130–145.

Delibes, M., Gaona, P. & Ferreras, P. (2001) Effects of an attractive sink leading
into maladaptive habitat selection. American Naturalist, 158, 277–285.

Efron, B. & Tibshirami, R.J. (1993). An Introduction to the Bootstrap. Chapman
& Hall/CRC, Boca Raton, FL, USA.

Falcucci, A. (2007) Conservation of large carnivores in a human dominated land-
scape: habitat models and potential distribution. PhD Dissertation, Univer-
sity of Idaho, Moscow, ID, USA

Falcucci, A., Maiorano, L. & Boitani, L. (2007) Changes in land-use/land-
cover patterns in Italy and their implications for biodiversity conservation.
Landscape Ecology, 22, 617–631.

Falcucci, A., Maiorano, L., Ciucci, P., Garton, E.O. & Boitani, L. (2008)
Land-cover change and the future of the Apennine brown bear: a perspective
from the past. Journal of Mammalogy, 89, 1502–1511.

Faul, F., Erdfelder, E., Lang, A.G. & Buchner, A. (2007) G*Power3: a flexible
statistical power analysis program for the social, behavioral, and biomedical
sciences. Behaviour Research Methods, 39, 175–191.

Febbo, D. & Pellegrini, M. (1990) The historical presence of the brown bear on
the Apennines. Aquilo, 27, 85–88.

Garshelis, D.L. (2000) Delusion in habitat evaluation: measuring use, selection,
and importance. Research Techniques in Animal Ecology: Controversies
and Consequences (eds L. Boitani & T.K. Fuller), pp. 111–164. Columbia
University Press, New York.

Gervasi, V., Ciucci, P., Boulanger, J., Posillico, M., Sulli, C., Focardi, S., Randi,
E. & Boitani, L. (2008) A preliminary estimate of Abruzzo Brown Bear
(Ursus arctos marsicanus) population size based on hair-snag sampling and
multiple data-source CMR models. Ursus, 19, 105–121.

Goodchild, M.F. (1986) Spatial Autocorrelation. Catmog 47, Geo Books,
Norwich, UK.

Guisan, A. & Thuiller, W. (2005) Predicting species distribution: offering more
than simple habitat models. Ecology Letters, 9, 993–1009.

Hirzel, A.H., Helfer V. & Métral, F. (2001) Assessing habitat-suitability models
with a virtual species. Ecological Modelling, 145, 111–121.

Hirzel, A.H., Hausser, J., Chessel, D. & Perrin, N. (2002) Ecological-niche
factor analysis: how to compute habitat-suitability maps without absence
data? Ecology, 83, 2027–2036.

Hirzel, A.H., Posse, B., Oggier, P.A., Crettenand, Y., Glenz, C. & Arlettaz, R.
(2004) Ecological requirements of a reintroduced species, with implications
for release policy: the Bearded vulture recolonizing the Alps. Journal of
Applied Ecology, 41, 1103–1116.

Hirzel, A.H., Le Lay, G., Helfer, V., Randin, C. & Guisan, A. (2006) Evaluating
the ability of habitat suitability models to predict species presences. Ecological
Modeling, 199, 142–152.

IUCN (2007) Ursus arctos. European Mammal Assessment. http:europa.eu/
environment/nature/conservation/species/ema/. Downloaded 5 November 2007.

Jiménez-Valverde, A. & Lobo, J.M. (2007) Threshold criteria for conversion of
probability of species presence to either–or presence–absence. Acta Oeco-
logica, 31, 361–369.

Liu, C., Berry, P.M., Dawson, T.P. & Pearson, R.G. (2005) Selecting thresholds
of occurrence in the prediction of species distributions. Ecography, 28, 385–393.

Lorenzini, R., Posillico, M., Lovari, S. & Petrella, A. (2004) Non-invasive
genotyping of the endangered Apennine brown bear: a case study not to let
one’s hair down. Animal Conservation, 7, 199–209.

Mitchell, M.S. & Powell, R.A. (2003) Response of  black bears to forest
management in the southern Appalachian Mountains. Journal of Wildlife
Managemet, 67, 692–705.

Names, V.O. (2006) Improving accuracy and precision in estimated fractal
dimension of animal movement paths. Acta Biotheoretica, 54, 1–11.

Naves, J., Wiegand, T., Revilla, E. & Delibes, M. (2003) Endangered species
constrained by natural and human factors: the case of brown bears in northern
Spain. Conservation Biology, 17, 1276–1289.

Nielsen, S.E., Herrero, S., Boyce, M.S., Mace, R.D., Benn, B., Gibeau, M.L. &
Jevons, S. (2004) Modelling the spatial distribution of human-caused grizzly
bear mortalities in the Central Rockies ecosystem of Canada. Biological
Conservation, 120, 101–113.

Nielsen, S.E., Stenhouse, G.B. & Boyce, M.S. (2006) A habitat-based frame-
work for grizzly bear conservation in Alberta. Biological Conservation, 130,
217–229.

Posillico, M., Petrella, A. & Sammarone, L. (2002) Piano preliminare di
conservazione dell’orso bruno (Ursus arctos L. 1758). Project LIFENAT99/
IT/006244. Ministero delle Politiche Agricole e Forestali – European
Commission.

Posillico, M., Meriggi, A., Pagnin, E., Lovari, S. & Russo, L. (2004) A habitat
model for brown bear conservation and land use planning in the central
Apennines. Biological Conservation, 118, 141–150.

Pulliam, H.R. (1988) Sources, sinks, and population regulation. The American
Naturalist, 132, 652–669.

Randi, E., Pierpaoli, M., Potena, G., Sammarone, L., Filippone, I., Petrella, A.
& Posillico, M. (2004) Relazione finale sul conteggio della populazione, sullo
status genetico e demografia/dinamica della populazione. LIFE Project
Report, Corpo Forestale dello Stato – European Commission.

http://europa.eu/environment/nature/conservation/species/ema/
http://europa.eu/environment/nature/conservation/species/ema/


Assessing habitat for conservation 609

© 2009 The Authors. Journal compilation © 2009 British Ecological Society, Journal of Applied Ecology, 46, 600–609

Schooley, R.L. (1994) Annual variation in habitat selection: patterns concealed
by pooled data. Journal of Wildlife Management, 58, 367–374.

Swenson, J.E., Wabakken, P., Sandegren, F., Bjärvall, A., Franzén, R. &
Söderberg, A. (1995) The near extinction and recovery of brown bears in
Scandinavia in relation to the bear management policies of Norway and
Sweden. Wildlife Biology, 1, 11–25.

Thomas, C.D. & Kunin, W.E. (1999) The spatial structure of  populations.
Journal of Animal Ecology, 68, 647–657.

Treves, A. & Karanth, K.U. (2003) Human–carnivore conflict and perspectives
on carnivore management worldwide. Conservation Biology, 17, 1491–1499.

Van Horne, B. (1983) Density as a misleading indicator of  habitat quality.
Journal of Wildlife Management, 47, 893–901.

Wiegand, T., Naves, J., Stephan, T. & Fernandez, A. (1998) Assessing the risk
of extinction for the brown bear in the Cordillera Cantabrica, Spain.
Ecological Monograph, 68, 539–570.

Received 28 August 2008; accepted 10 February 2009
Handling Editor: Jonathan Rhodes

Supporting Information

Additional Supporting Information may be found in the
online version of this article:

Table S1. Environmental characteristics of the study area

Table S2. Habitat states in the core and in the marginal area

Table S3. Contribution of the different predictor variables to
habitat state

Please note: Wiley-Blackwell are not responsible for the
content or functionality of any supporting materials supplied
by the authors. Any queries (other than missing material)
should be directed to the corresponding author for the article.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 120
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 120
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


