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Abstract. Forests represent the main terrestrial habitat for the protection of endangered large carnivores
in Europe. Spatial and temporal changes in the forests may critically influence the survival of large car-
nivore species. Aiming at modelling the distribution of the critically endangered species — Eurasian lynx
(Lynx Iynx) and the protected species — brown bear (Ursus arctos) and grey wolf (Canis lupus) in relation
to the changes in forest cover in Albania, specifically, I (1) tested different hypotheses on the drivers of
the probability of the species occurrence; (2) assessed potential changes in the probability of the species
occurrence between 2001 and 2011 in relation to the forest cover change; and (3) analysed the probability
of the species occurrence with respect to protected areas. Hypotheses based on natural habitat factors
produced models with high prediction accuracy of above 76% for all large carnivore species, and the
probability of their occurrence showed a negative relationship with forest cover change. The area with
suitable habitat for at least one of the three large carnivore species made up 38% of the study area, and
11.7% of this area were protected.

Key words. Albania, Balkan lynx, brown bear, grey wolf, forest cover change; large carnivore species
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INTRODUCTION

Wild brown bear, European lynx and grey wolf populations in forests are to be conserved in
southern Europe. The distribution of a species population is a key element in determining its
conservation status (IUCN 2001). To conserve bear, lynx and wolf populations, there is a need
for evaluation of their distribution in relation to forests to be able to properly design forest
management practices at a large scale.

Regions with high habitat heterogeneity are important targets for conservation as they host
relatively high numbers of plant and animal species. For example, EstaviLLo et al. (2013) have
shown that landscapes with forest cover above 30% show a peak of species richness, e.g., of
small mammal species, and this 30% forest cover may be considered as a biodiversity threshold.
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A conservation measure is the expansion of protected areas (RODRIGUES et al. 2004) that can be
especially effective when embedded within a regional approach (IoJsA et al. 2010), for exam-
ple by expanding cross-border (forested) protected areas for the conservation of large-bodied
animal species.

Species distribution models (SDMs) use statistical techniques to relate species distribution data
(occurrence or abundances at given locations) to the environmental and spatial characteristics
of these locations (ELitH & LeatHwick 2009). SDMs results can bring insight into the main
factors that determine the observed species distribution and the extrapolation of the statistical
relationships provides predictions on the spatial variation of habitat suitability in the entire
study area. The information obtained by SDMs can be especially useful to develop effective
management actions for the species (Guisan & ZIMMERMANN 2000). SDMs provide information
on how animals or plants selectively use resources, as characterized by the main environmental
factors identified by the model, and show how the habitats of large carnivore species change
in space, which is essential for designing management strategies for wildlife and for natural
resources such as forests.

In this study, I focused on three protected large carnivore species — the brown bear (Ursus
arctos arctos), grey wolf (Canis lupus lupus) and Balkan lynx (Lynx lynx balcanicus) in Albania.
Populations of the bear, lynx and wolf are protected by national law and the Bern Convention, and
the lynx is considered a critically endangered large carnivore species. Yet, these large carnivore
species populations have declined in Albania to the current numbers of approximately 180 to
200 bear individuals, 5 to 10 lynx individuals and 200 to 250 wolf individuals (KAczENsKY et
al. 2012a). Large carnivore species populations in Albania are important for the connection of
populations in Europe or those in the Balkan Peninsula. The Balkan lynx (Lynx lynx balcani-
cus) is a critically endangered large carnivore (IUCN 2015a) and its occurrence is concentrated
between Albania and North Macedonia. The bear populations in Albania are a part of a larger
brown bear population ranging from Slovenia to Greece; wolf populations are spread all over
the Balkan peninsula (KAczensky et al. 2012a).

I estimated the probability of occurrence of bear, lynx and wolf in Albania to understand how
these large carnivore species use forests, and how forest cover changes after 2000 (HANSEN et
al. 2013) may have affected the distribution of these species. I developed species distribution
models based on hypotheses on the spatial scales where animals perceived their environment,
and on hypotheses on the driving mechanism. The “natural conditions and resources” model
hypothesized that natural factors drive the large carnivore species distribution, whereas the
“human disturbance” model hypothesized that anthropological factors limited the large carni-
vore species distribution.

Specifically, I aimed to understand: (1) the factors that determine the probability of occurrence
of the bear, lynx and wolf in Albania and (2) how forest cover changes after 2000 may have
impacted the occurrence of the large carnivore species. Firstly, I used large carnivore species
occurrence data from the year 2001 and forest and land use data from the year 2001 to determine
the most parsimonious models for each large carnivore species. Secondly, I updated the most
parsimonious models using the large carnivore species data from the year 2011 (KAczensky
et al. 2012a), forest data from the year 2010 (BroxTon et al. 2014), and forest cover change
data from 2000 to 2014 (HanseN et al. 2013). Forest cover change between 2000 and 2014 was
used as an approximation of the changes in forests up to the year 2011. Finally, I analysed the
maps with the estimated probability of the species occurrence with respect to protected areas
identifying new areas for the conservation of bear, lynx and wolf in Albania.
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MATERIAL AND METHODS
Study area

The study area covered the entire country of Albania. Albania is situated in the Mediterranean Sea basin,
which is the biodiversity hotspot (MITTERMEIER et al. 2011, Noss et al. 2015) and a global priority for
conservation (IUCN 2017). The study area is locally enriched by a high number of wild plants and trees
(SancTis et al. 2018). Albania and its neighbouring countries of North Macedonia, Montenegro and Greece
have a comparable total number of threatened mammal species (TEmMPLE & CutTELOD 2009). Yet, there is
a higher total number of threatened species of plants and trees in Albania than in North Macedonia and
Montenegro (IUCN 2017).

Forests, farmland and pastureland are the main land use types in Albania. Forest habitat destruction
between 2001 and 2011 was highlighted as the common major threat for the three large carnivore species
(Kaczensky et al. 2012a) (see Appendix).

Large carnivore species data

The bear, wolf and lynx data from the year 2001 were collected within the EMERALD I and II projects
(CE & MEFWA 2006), Lynx Survey Europe 2001 — Balkan population conducted by KORA (a non-gov-
ernmental organisation based in Switzerland) (voN Arx et al. 2004) and the International Union for Nature
Conservation (IUCN), IUCN/SSC Cat Specialist Group (IUCN/SSC CSG 2012).

The lynx data were collected in 2001, aiming at the development of conservation plans in the particular
European countries (voN Arx et al. 2004), see Appendix. The data were based on: (1) sightings, signs, snow
tracking, inquiry (hunters and foresters), dead lynx findings (voN Arx et al. 2004) and (2) a questionnaire
among local wildlife experts about the species distribution, legal situation, level of predation on livestock,
major threats to the lynx population, conservation measures (protected areas), judgment of the lynx status,
and further information on the status of the lynx (von Arx et al. 2004).

A grid cell of 10x10 km was used to prepare lynx distribution maps following the standards of the
Species Information Services (SIS) (voN Arx et al. 2004). The population density of the lynx in Albania
was estimated to range between 0.65 and 1.09 individuals per 100 km? cells (see Appendix) and was
categorized into two classes. First, areas with a ‘single confirmed record’ consisted of one or more direct
observations, tracks or dead lynx findings in the latest year (voN Arx et al. 2004). Here, the lynx popula-
tion density was less than 0.65/100 km?. Second, cells were classified as ‘permanently occupied areas’ if
more than 50% of the cell was occupied by the lynx. Here, the lynx population density was estimated to
be higher than 0.65 (voN Arx et al. 2004). The overall lynx distribution area (‘single confirmed record’
and ‘permanent occupied areas’) was 3,800 km?.

For the bear and wolf, the occurrence records for 2001 were compiled at a resolution of 10x10 km grid
cells by local wildlife experts similarly to the lynx data (personal communication with the staff of Ministry
of Environment in the year 2008) and provided by the EMERALD I and II projects (CE & MEFWAd
2006). Grid cells were classified either as ‘temporary presence’ or ‘permanent presence’.

The species data on the bear, lynx and wolf as of 2011 were collected from an online publication pre-
pared by IUCN/SSC Large Carnivore Initiative for Europe for the European Commission (KACZENsKY et
al. 2012a, b). The resulting species distribution maps with the resolution 10x10 km were composed of
‘sporadic occurrence’ and ‘permanent presence’ grid cells.

To take advantage of finer resolution environmental variables, I downscaled the coarse large carnivore
species occurrence records to a finer scale. To this end, I placed a nested 1x1 km grid cell within the original
100 km? grid cell. Using the Spatial Join function of the Analysis Tool in ArcGIS, for each 100 km? grid
cell with a large carnivore species presence I randomly assigned one 1 km? grid cell as presence (Fig. 1).
The argument for this downscaling is that the large carnivore species may be present anywhere within
a 100 km? grid cell.
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Table 1. List of predictor variables (excluding neighbourhood variables) used for the spatial models. The
resolution of the data is 1 km?. Mean elevation was calculated from the original data of 15x15 m resolution;
NC — natural conditions, HD — human disturbance

Tab. 1. Piehled ukazatelovych proménnych (vyjma sousedskych proménnych) pouzitych pro prostorové
modely. RozliSeni idaji je 1 km?. Primérna nadmotska vyska byla spoctena pro ptivodni tidaje v rozliseni
15%15 m; NC — ptirozené podminky, HD — naruseni ¢lovékem

variable  definition of the variable models

proménna popis promeénné modely
land cover 2001 / ptdni pokryv 2001

1 pure beech and beech mixed with coniferous forests NC
/ budina Cista ¢i smiSena s jehli¢natym lesem (%, km?)

2 mixed broadleaved forests / smiSeny listnaty les (%, km?) NC

3 coniferous forests / jehlicnaté lesy (%, km?) NC

4 cultivated land / obdélavana pada (%, km?) NC

5 Mediterranean macchia / sttedomoiska makchie (%, km?) NC

6 Dbare rocks and soil / skaliska a obnazena pida (%, km?) NC

7 urban and industrial areas / sidla a primyslova plocha (%, km?) NC

8 oak forests / dubové lesy (%, km?) NC
land cover 2010 / pudni pokryv 2010

9 deciduous broadleaved forest as a proxy of pure beech and beech mixed with coniferous NC

forests of 2001 / opadavy listnaty les jako nahrada buciny Cisté ¢i smisené
s jehli¢natym lesem (km?)

10 mixed forests / smisené lesy (km?) NC
11 evergreen coniferous forest as a proxy of coniferous forests of 2001 / vzdyzeleny

jehli¢naty les jako nahrada jehli¢natych lest 2001 (km?) NC
12 woody savannas used as a proxy of Mediterranean macchia of 2001 / lesni savana jako NC

nahrada Stfedomoiské makchie (km?)

forest cover / lesni pokryv

13 forest cover connectivity / spojitost lesniho pokryvu (km?) NC
14 forest cover 2000 / lesni pokryv 2000 (%) NC
15 scaled forest cover 2010 / skalovany lesni pokryv 2010 NC
16 forest cover change 2000-2014 / zména lesniho pokryvu 2000-2014 (%) NC
17 forest cover loss 20002012 / ztrata lesniho pokryvu 2000-2012 (%) NC
18 forest cover gain 2000-2014 / narust lesniho pokryvu 2000-2014 (%) NC
natural environment / pfirodni prostiedi
19 elevation / nadmofiska vyska (m) NC
20 Terrain ruggedness index / index ¢lenitosti krajiny NC

anthropogenic variables / anthropogenické proménné

21 distance to nearest asphalted road / vzdalenost od nejblizsi silnice (m) HD
22 distance to nearest well-kept road / vzdalenost od nejblizsi udrzované cesty (m) HD
23 distance to nearest seasonal road / vzdalenost od nejblizsi doc¢asné cesty (m) HD
24 distance to nearest dwelling road / vzdalenost od nejblizsi cesty v sidle (m) HD
25 distance to nearest village / vzdalenost nejblizsiho sidla (m) HD
26 village density 2001 / hustota sidel 2001 (number / pocet) HD
27 population diffusion 2001 / rozptyl obyvatelstva 2001 HD
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variable definition of the variable models

proménna popis promeénné modely
28 asphalt road density / hustota silnic (km) HD
29 well-kept road density / hustota udrzovanych cest (km) HD
30 seasonal road density / hustota docasnych cest (km) HD
31 dwelling road density / hustota cest v sidlech (km) HD
32 road density / hustota cest (km) HD

The large carnivore species occurrence records of 2001 consisted of 24 permanent occurrences for the
lynx, 41 for the bear, and 93 for the wolf, and those of 2011 consisted of 12, 66, and 125 occurrences,
respectively (Fig. 1). Although the 2011 lynx data represented only sporadic occurrences in Albania,
I assumed 12 locations (red dots in Fig. 1) being permanent occurrences, because they were connected to
permanent occurrences on the border with North Macedonia (Kaczensky et al. 2012a). I used permanent
occurrences to estimate the probability of occurrence for the bear, lynx and wolf.

Forest and environmental variable derivation

For species distribution modelling, I compiled data on topography, land cover in 2001 and 2010, forest
cover in 2000 and 2010, forest cover change to 2014, and proximity and density of human infrastructures
such as villages or roads (Table 1).

For the year 2001, I used land use and land cover data from the Albanian National Forest Inventory
(ASAC 2004a) that has an original resolution of 15 m. This data set was derived from satellite images of
Landsat 5 TM and Landsat 7 ETM+ (see Appendix). The accuracy of the land use and land cover maps
was 67% for thicket and shrub lands and 85% for broadleaved, coniferous and crown coverage (ASAC
2004b). From this dataset I extracted eight classes that were hypothesized to be important for the occur-
rence of three focal large carnivore species: (1) beech, (2) oak, (3) broadleaved deciduous forests, (4)
coniferous forests, (5) cultivated areas, (6) Mediterranean shrub areas, (7) bare and rock areas, (8) urban
and industrial areas. For technical details of land classification see Appendix.

For 2011, I obtained data on the cover of deciduous broadleaved forest, evergreen coniferous forest,
and shrublands provided by Broxton et al. (2014), see Appendix. These data were derived from 10 years
(2001-2010) of MODIS-based Global Land Cover Climatology (Collection 5.1 MCD12Q1) with a resolu-
tion of 245 m. For each 1 km? pixel I selected the corresponding land cover class with the highest overall
confidence. To approximate forest cover change between 2001 and 2011, I used the data on percentage
forest cover change between 2000 and 2014 with the resolution of approximately 900 m? provided by
Hansen et al. (2013). Forest cover change was the sum of forest cover gain (positive sign) and forest cover
loss (negative sign) and ‘trees were defined as vegetation taller than 5 m height’ (HanseN et al. 2013).
Forest cover loss was defined as a change from forest to non-forest during 2000-2014, and forest cover
gain as a change from non-forest to forest (HANSEN et al. 2013).

I used AsterDEM, a product of METI and NASA (METI & NASA 2011) with a resolution of 15 m to
derive elevation and a terrain ruggedness index at the resolution of 1 km? (NavEs et al. 2003). The vector
layers of roads and villages were provided by the Environmental Legislation and Planning Albania. Road
types considered were asphalted, well-kept, seasonal and dwelling roads. I quantified the impact of human
population and roads in two ways, as density and distance variables. The density variables are the densities
of each road type and villages per 1 km? cell. The distance variables are the minimum Euclidean distances
of the 1 km? cell to the nearest road type and village.

I used the data on nationally designated areas (administrative protected areas) from the European in-
ventory for Albania for 2013 and data on (administrative) protected areas from 2006 that were received
by the Institute for Nature Conservation Albania. These data included boundaries of six protected area
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categories (strictly protected areas, national parks, natural monuments, habitat or species management
areas, protected landscapes, protected areas with sustainable use of natural resources of International Union
for Conservation of Nature (IUCN 2015b). All variables were transformed to a resolution of a 1 km? grid
and calculated using the extensions available in ArcGIS 9.3 and ArcGIS 10.3 (ESRI, Redlands, California
USA). For a list of variables used in the analysis see Appendix.

Forest neighbourhood variables

Species respond to habitat heterogeneity at multiple spatial scales (Morris 1987, OriaNs & WITTENBERGER
1991, Wiens 1976, 1989). The spatial scales are related to the perception of environment, e.g. forests, by
large carnivore species individuals and the scale at which forest resources must be available. Yet, forest
and environmental variables are not necessarily related to the spatial scales at which large carnivore spe-
cies perceive the landscape in this study and at which a natural resources must be available. I therefore
transformed the environmental variables into a set of neighbourhood variables (NAVEs et al. 2003, SCHADT
et al. 2002, WIEGAND et al. 2008) defined as the mean value of the original variable within a specified
neighbourhood radius around the target cell. I used five different radii (3, 4, 5, 10, and 15 km) represent-
ing areas of 28.3 km?, 50.2 km?, 78.5 km?, 314 km?, and 706.5 km?, respectively for the lynx and 7 radii
(3,4, 5,10, 15, 20 and 25 km) representing areas of 28.3 km?, 50.2 km?, 78.5 km?, 314 km?, 706.5 km?,
1256 km?, and 1962.5 km?, respectively for the bear and wolf (a radius of 1 km representing an area of
3.14 km? was also used for the three large carnivore species).

Model types and forest cover change

I developed two sets of large carnivore species distribution models, one based on the permanent occurrence
data collected in 2001 and land cover data for 2001, and one based on occurrence data of 2011 together
with 2010, land use and forest cover data and data on forest cover change after 2000. The latter helped to
assess the potential impact of land cover change on the probability of large carnivore species occurrence.
The period after 2000 is the second decade after the political change from the socialist regime to a market
based economy in 1990 that induced important changes in the quality and use of land and forests. I the-
refore expect that the changes in forest cover after 2000 would have impacts on the distribution of three
large carnivore species in 2011.

Model selection and mapping

Species distribution models (SDMs) are increasingly used to quantify the relationships between species
occurrence and the environment (GuisaN & ZIMMERMANN 2000, GuisaN & THUILLER 2005, Guisan et al.
2013). SDMs provide information on how animals or plants selectively use natural resources, which are
then incorporated as the main environmental factors into species models.

I developed large carnivore species models based on an information-theoretic approach, which focused
on the search for a parsimonious model as the primary philosophy of statistical inference (BUurRNHAM
& ANDERSON 2002, FERNANDEZ et al. 2006). A priori hypotheses were identified on groups of variables
driving the occurrences of three large carnivore species based on environmental conditions and resources
required for reproduction and survival (Table 2).

Following an approach developed for the bear in Spain, I developed “natural” and “human” models
(Naves et al. 2003, MaRrTIN et al. 2012; Table 2). The “natural conditions and resources” hypothesis
included variables describing topography (i.e. elevation and terrain ruggedness index), forest cover and
environmental variables. The latter were related with food abundance of the large carnivore species, with
the degree of connectivity of forest, and forest cover change after 2000 (Table 2). The “human disturbance”
hypothesis assumed that the absence of human activity would increase the probability of large carnivore
species occurrence (Table 2).
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Table 2. Model hypotheses based on the literature data on bear, lynx, and wolf biology
Tab. 2. Modelové hypothesy zalozené na znalosti biologie medvéda, rysa a vlka z literatury

hypothesis description references and other sources
hypothesa popis literatura a dalsi zdroje

natural large carnivores require dense, high, stable BLSG (2008), FERNANDEZ et al. (20006),
conditions and undisturbed forests and high elevation FERNANDEZ et al. (2003), May et al.

to hide, breed and search for food. The bear (2008), Naves et al. (2003), SIGNER
relies on oak and beech forests for food, and et al. (2019), WieGanD et al. (2008)
the lynx on bare rocks for breeding.

ptirozené velké Selmy potiebuji husté, vysoké a nena-

podminky rusené lesy a vysokou nadmotskou vysku
pro Ukryt, rozmnozovani a lov potravy,
medvéd je zavisly na dubinach a bucinéch,
rys na skalach k rozmnozovani.

human large carnivores stay away from human Griro et al. (2019), KRAMER-SCHADT
disturbance settlements, roads, and areas with low forest etal. (2005), Naves etal. (2003), Orbiz
cover, because they cause higher mortality, et al. (2013), ZIMMERMANN et al.

higher disturbance and lower habitat quality (2014)
for breeding, refuge and food

naruseni velké Selmy se strani lidskych sidel, cest

clovékem a uzemi s malym pokrytim lesy, nebot’ zvy-
Suji umrtnost, ruseni a snizuji biotopovou
kvalitu pro tkryt, rozmnozovani a lov potravy

I randomly selected coordinates of pseudo-absence locations from the entire study area using Hawth’s
Tools (www.spatialecology.com) extension in ArcGIS 9.3 that satisfied three conditions: (1) the number
of pseudo-absences of a large carnivore species was the same as the number of permanent occurrences,
(2) not more than one pseudo-absence location was selected for a given grid cell, and (3) pseudo-absences
were located in forest areas and preferably within the large carnivore species-specific habitats, because
generating pseudo-absences further away from the optimum established by the occurrence data may
increase over-prediction of the model (Cueraour & LoBo 2008, KanaGaras et al. 2011).

Prior to regression analysis, I excluded all independent variables that did not show significant differences
between occurrence and pseudo-absence locations (Kruskal-Wallis test; p>0.05; see Appendix). I also
removed explanatory variables that were highly correlated (Pearson correlation test; 7>0.7). I checked
the spatial autocorrelation of the dependent variables using the software Geoda095i (https://geodacenter.
asu.edu) for the spatial dependency (similarity between occurrence record data of large carnivore species;
see Appendix).

I used generalized linear models (GLM) with logit-link to relate the occurrence and pseudo-absence
data to sets of landscape-scale explanatory variables to predict the probability of occurrence of a given
large carnivore species. GLMs are an extension of classic linear regression models (McCurLAGH & NELDER
1989). I used binomial error structure (logistic regression) for the data. A logistic regression model predicts
the probability of occurrence of a given large carnivore species at a given location within the study area.
All logistic regression models were fitted with the program R 2.9.0 (R DCT 2009).

For 2001, I fitted in total 44 candidate GLM models that resulted from combining the two hypotheses
(“natural conditions and resources” and “human disturbance” hypotheses; Table 2) with six neighbourhood
scales for the lynx and eight neighbourhood scales for the bear and wolf. I selected the most parsimonious
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brown bear / medvéd hnédy Eurasian lynx / rys ostrovid
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Fig. 1. Permanent occurrence of the bear, lynx, and wolf in Albania. The data for 2001 were collected
by KORA for the Eurasian Lynx Online Information System for Europe (voN Arx et al. 2004), for 2011
were available from the Kaczensky et al. (2012a). Percentage forest cover for 2000 was provided by
Hansen et al. (2013).

Obr. 1. Staly vyskyt medvéda, rysa a viky v Albanii. Udaje z roku 2001 byly shromazdény projektem
“KORA for Eurasian Lynx Online Information System for Europe” (voN Arx et al. 2004), z roku 2011
Kaczenskywm et al. (2012a). Procenta lesniho pokryvu vi¢i roku 2000 byla poskytnuta HANSENEM et al.
(2013).

model for each large carnivore species among the 12 (for lynx) or 16 alternative models (for bear/wolf)
using AIC (Akaike Information Criterion). Then, I estimated Akaike weights (w;) (e.g., FERNANDEZ et
al. 2006) that represent the relative likelihood of a model among all candidate models (see Appendix).

In a next step, I used the neighbourhood scale and the set of variables of the most parsimonious models,
but used land and forest variables from the year 2010 and large carnivore species data from 2011 to rerun
the model. In this step, I considered two model variants: one with and one without forest cover change
variables.

I mapped the predictions of the selected models to identify areas with high probability values (suitable
habitat) and with low probability values (marginal and non-suitable habitat). I defined unsuitable habitat
to have probability values between 0.25 and 0.5, and identified a threshold H that separates marginal and
suitable habitat. I calculated the average value for all cells located in areas predicted to be suitable (i.e.
a value >0.5) (e.g., Liu et al. 2005). The values of H were expected to be different for the bear, lynx and
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wolf. Areas with probability values above the threshold H were identified as a large carnivore species
conservation area.

Model evaluation

All models were evaluated for discrimination success by calculating the area under a receiver operating
characteristic curve (AUC). The value of the AUC ranges from zero to one. AUC=0.5 indicates a random
prediction, AUC<0.7 is considered poor and AUC>0.8 indicates high model ability to discriminate between
high probability of large carnivore species occurrences (occurrences) and low probability of large carni-
vore species occurrences (pseudo-absences in this study) (Hosmer & Lemesnow 2000). I also evaluated
models using the True Skill Statistic (TSS), which is independent of prevalence (ALLoUCHE et al. 2006).
TSS has values between 0 and 1, where between 0 and 0.4 is a poor prediction, between 0.4 and 0.5 is
fair, between 0.5 and 0.7 is good, between 0.7 and 0.85 is very good, between 0.85 and 0.9 is excellent
and between 0.9 and 1 is perfect (NUCHEL et al. 2018). I ran Random Forests (RF) (Liaw & WIENER 2002)
with the most parsimonious (GLM) models to calculate TSS. I used bootstrap test (10000 for a higher
accuracy (HESTERBERG 2015) and alpha level =0.05) for GLM models. I estimated the predictive accuracy
of the most parsimonious models using the deviance explained in percentage (D?) (this was also calculated
by Random Forest) and assessed their predictive accuracy using a cross-validation approach. I calculated
100-fold cross-validation for logistic regression with a binary dependent variable (using species data from
2001) for every large carnivore species because I had one dataset for each species to check if there was
over-fitting in the fitted models (FERNANDEZ et al. 2003, KanaGaras et al. 2011). The dataset of a particular
large carnivore species was divided into 100 parts (folds) where ninety folds were used for model fitting
and the hundredth fold was used for testing the most parsimonious model. This was repeated 100x. Each
fold was used for (most parsimonious) model testing.

RESULTS

I did not detect significant spatial autocorrelations at the model grain of 1 km for the occurrence
of the three large carnivore species in 2001 (i.e. autocorrelation values were <0.007 in abso-
lute terms). For the three species, the models based on the “natural conditions and resources”
hypothesis were selected as the most parsimonious model (hereafter ‘final model’). I obtained
neighbourhood radii of 15 km for the bear, 3 km for the lynx and 1 km for the wolf (Table 3). The
final models showed the highest accuracy for the lynx (AUC=0.95; TSS=0.80; RF TSS=0.80),
followed by the bear (AUC=0.82; TSS=0.62; RF TSS=0.62) and the wolf (AUC=0.76; TSS=0.52;
RF TSS=0.52). Overall, all models for the bear and lynx performed better than the models for
the wolf in terms of model selection estimator and accuracy (Table 3a).

Bear models

The final model was selected from the “natural conditions and resources” hypothesis and ob-
tained an Akaike weight of 50.7% and an AUC value of 0.82. The most significant variables of
this model were elevation and forest cover at the 15 km neighbourhood scale, both with posi-
tive coefficients. Thus, the bear habitat comprised high elevation areas with a high proportion
of forests within the 15 km neighbourhood (mainly pure beech and mixed beach coniferous
forests) (sign and magnitude of coefficients and p-values are shown in Table 3b). The “human
disturbance” hypothesis produced a reasonable fit of the data (with AUC=0.77; TSS=0.50; RF
TSS=0.25) and included proximity of dwelling roads and the proportion of cultivated land within
20 km as significant variables. Rerunning the final model with data from 2010/2011 produced
a poorer model with forest cover gain being marginally significant (Table 4a).
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Table 3a. The summary of final (most parsimonious or the first ranked) natural and human logistic ret
gression models for the bear, lynx and wolf distribution and model selection estimator for 2001; AUC
= area under curve, RF = Random Forests, TSS = True Skill Statistics, D> = Deviance Explained, CV =
cross validation, AIC W,= Akaike weight, AIC = Akaike’s Information Criterion. The large carnivore final
models (ranked 1) are mapped and shown in Figs. 2 and 3

Tab. 3a. Prehled kone¢nych (nejvice parsimonialni anebo prvni v potadi) regresnich modelli hypothesy
pfirozeného a naruseného rozsifeni medvéda, rysa a vlka a modelu selekéniho odhadu pro rok 2001; AUC
= oblast pod k¥ivkou, RF = nahodny les, TSS = vysledek methody “True Skill Statistics”, D* = vysvétle-
ni odchylky, CV = potvrzeni kiizem, AIC W,;= Akaikova vaha, AIC = Akaikovo informasni kriterium.
Vysledné modely vyskytu velkych Selem (ohodnoceny 1) jsou vymapovany na obr. 2 a 3

species rank model radii AUC TSS RF D?> RF D? CV AIC AIC
druh okruh prumeéry TSS Wi
(km) (%) (%)

15 082 062 062 017 0.12 646 50.7 912
20 0.77 050 025 0.02 0.15 64.6 p<0.001 106.3

3 09 080 080 051 051 750 98.5 392
5 09 060 080 028 038 792 p<0.001 485

wolf/ vik 1 1 1 076 052 052 010 0.17 66.0 87 2242
072 042 036 0.01 0.07 629 p<0.001 2443

bear / medveéd

N = [N —

1
5
lynx / rys 1
8

—_
[\
[\
—
(9,

Lynx models

The final model was selected from the “natural conditions and resources” hypothesis with
a 3 km neighbourhood (Table 3a). It yielded an Akaike weight of 98.5% and predicts that the
lynx occurrence tends to increase with elevation and forest cover, but tends to decrease with
the proportion of the Mediterranean macchia within 3 km (Table 3b). The “human disturbance”
hypothesis produced a reasonable fit of the data (with AUC=0.90; TSS=0.60; RF TSS=0.80)
and was negatively related to the proximity of dwelling roads and proportion of cultivated
land within 3 km (Table 2). The response curves from GLM and RF models indicated that the
increase of cultivated land negatively affected the estimated lynx occurrence (Fig. 3). Rerunning
the final model with data from 2010/2011 produced a reasonable model with forest cover loss
being negatively related to the lynx occurrence (Table 4b). However, because of the few the
lynx occurrence data from 2011, the explanatory variables were not significant.

Wolf models

The final model for the wolf was selected from the “natural conditions and resources” hypoth-
esis with an approximate 3.14 km? neighbourhood. It yielded an Akaike weight of 87%, but
a relatively low predictive power with AUC=0.76. This model predicted that the wolf presence
was positively related to elevation and coniferous forests (Table 3b). The “human disturbance”
hypothesis produced a poorer fit of the data (with AUC=0.72; TSS=0.42; RF TSS=0.36) and
was related to the proximity of the nearest asphalt roads and proportion of cultivated land
within 15 km (Table 3b). Rerunning the final model with data from 2010/2011 showed that
forest cover change did not enter the model (sign, magnitude of coefficients and p-values are
shown in Table 4b).
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Table 3b. The summary of final (most parsimonious or the first ranked, see Table 3a) natural and human
logistic regression models for the bear, lynx and wolf distribution. For explanation of variables see
Table 1

Tab. 3b. Prehled kone¢nych (nejvice parsimonidlni anebo prvni v poradi, viz tab. 3a) regresnich modelt
hypothesy pfirozeného a naruseného rozsiteni medvéda, rysa a vlka. Vysvétlivky proménnych viz tab. 1

species variables  coefficient SE of coefficient p-value  bootstrap p-value bootstrap
druh proménné  koeficient  SE koeficientu  hodnota p hodnota p CI 0=0.05
bear 19 0.001 0.0006 0.004 0.004 0.002
/ medvéd 14 —-0.010 0.010 0.320 0.700 0.020
IF 0.230 0.550 0.660 0.030 1.840
14F 0.130 0.040 0.010 0.620 0.040
intercept —4.120 1.150 p<0.001 0.001 —-0.880
21 0.0001 0.00009 0.180 0.180 p<0.001
24 0.0002 0.0001 0.030 0.060 p<0.001
4F 0.820 0.580 0.150 0.140 1.850
intercept —2.530 1.040 0.010 0.010 -0.370
lynx 19 0.001 0.001 0.090 0.050 0.003
/1ys 20 0.120 0.090 0.150 0.190 0.300
14 0.040 0.020 0.030 0.400 0.020
SF —0.880 0.460 0.050 0.010 0.090
2 0.008 0.010 0.580 0.010 —-0.100
6F 1.360 0.900 0.130 0.130 3.250
intercept —8.740 3.440 0.010 0.005 —2.640
25 0.0004 0.0004 0.300 0.500 0.001
24 0.0004 0.0002 0.060 0.020 p<0.001
4 —0.007 0.020 0.710 0.420 0.006
4F —-0.730 0.390 0.060 0.020 —-0.020
intercept —-1.460 0.950 0.120 0.150 0.380
wolf 19 0.001 0.0003 p<0.001 p<0.001 0.002
/ vk 14 —0.002 0.007 0.770 0.770 0.010
3 0.010 0.009 0.030 0.020 0.030
2 0.008 0.006 0.170 0.160 0.020
intercept —1.650 0.360 p<0.001 p<0.001 -0.990
25 0.00005 0.0001 0.740 0.730 p<0.001
24 0.00009 0.0001 0.370 0.370 p<0.001
23 0.00001 0.0001 0.930 0.930 p<0.001
21 0.0001 0.00007 0.040 0.040 p<0.001
4 —0.001 0.006 0.100 0.060 p<0.001
31 —0.110 0.750 0.870 0.860 1.200
28 0.210 0.420 0.600 0.590 1.020
27F —0.0006 0.0005 0.260 0.210 p<0.001
4F 0.630 0.350 0.070 0.090 1.370
intercept —-1.490 0.810 0.060 0.070 0.130
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Table 4a. The summary of the final (most parsimonious or the first ranked) natural logistic regression
models with forest cover gain and forest cover loss for the bear, lynx and wolf distribution and model
selection estimator for 2010/2011; for explanations see Table 3a

Tab. 4a. Prehled kone¢nych (nejvice parsimonidlni anebo prvni v potadi) regresnich modeli hypothesy
ptirozeného lesniho pokryvu a ztraty lesniho pokryvu pro rozsiteni medvéda, rysa a vlka a modelu se-
lekéniho odhadu pro roky 2010/2011; vysvétlivky viz tab. 3a

species  rank model radii  AUC TSS RF D> RFD* CV AIC AIC
druh okruh pruméry TSS Wi

(km) (%) (%)
bear 1 with 16 15 0.67 030 0.61 0.01 0.04 57.6 902 1744
/medvéd 2 without 16 15 063 038 038 —0.01 0.05 545 098 1789
lynx 1 with 16 3 095 1.00 1.00 0.50 0.60 958 98.5 20.7
/rys 2 without 16 3 087 1.00 1.00 025 047 875 1.5 259
wolf 1 with 16 1 064 052 040 -0.006 0.07 584 27.0 338.9
/ vik 2 without 16 1 064 036 040 0.001 0.06 588 73.0 336.8

Identifying priority areas for conservation

The final models for three large carnivore species with data from 2001 were applied on
28,381 km? of the study area to map the probability of large carnivore species occurrence (Fig. 2).
The bear, lynx and wolf showed similar distribution patterns of suitable areas in Albania. The
thresholds A that separate marginal from suitable habitat were 0.79 for the bear, 0.75 for the
lynx and 0.72 for the wolf, and the percentage of the study area covered by suitable habitat
was 28%, 25% and 6.5%, respectively (Fig. 2). When merging all cells with suitable habitat for
any of the three species, I obtained an area of 38% of the study area for large carnivore species
conservation (Fig. 2a). Then, I merged all cells with suitable habitat of the bear and wolf pre-
dicted by the models with data from 2010/2011 with A>0.61 for the bear and H>0.58 for wolf.
I obtained a conservation area comprising 23% of the total study area (Fig. 2b).

The identified conservation areas are located in the cross-border area between (1) Albania and
North Macedonia for the three large carnivore species, (2) Albania, Montenegro, and Kosovo
for the bear and wolf, and (3) Albania and Greece for the wolf. It is very likely that the bear,
lynx and wolf can pass country borders through conservation areas. These areas can ensure
a potential connectivity of large carnivore species populations across country borders shown in
Fig. 2. I found that 11.7% and 12.7% of the conservation areas of large carnivore species were
protected in 2001 and 2011, respectively. For the model predictions of 2001, the percentage of
suitable habitat within protected areas was 3.5% for the bear, 1.2% for the lynx and 3.2% for
the wolf. For the year 2011, the percentage of suitable habitat within protected areas decreased
(below 3%) for the bear, lynx and wolf (Fig. 4).

DISCUSSION

In this study, I combined coarse-scale data from species distribution maps provided for three
large carnivore species, brown bear, Eurasian lynx and grey wolf in Albania, with data on forest
cover, forest cover change, land use, and human infrastructures to gain insight into the main
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Table 4b. The summary of the final (most parsimonious or the first ranked, see Table 4a) natural logistic
regression models with forest cover gain and forest cover loss for the bear, lynx and wolf distribution for
2010/2011; for explanations see Table 1

Tab. 4b. Ptehled konecnych (nejvice parsimonidlni anebo prvni v poradi, viz tab. 4a) regresnich modelt
hypothesy ptirozeného lesniho pokryvu a ztraty lesniho pokryvu pro rozsifeni medvéda, rysa a vlka
a modelu selekéniho odhadu pro roky 2010/2011; vysvétlivky viz tab. 1

species variables  coefficient SE of coefficient p-value  bootstrap p-value bootstrap
druh proménné  koeficient  SE koeficientu  hodnota p hodnota p CI 0=0.05
bear 19 0.0007 0.0004 0.080 0.070 0.001
/ medved 15 -0.700 0.400 0.080 0.060 0.020
18 —44.500 23.40 0.050 0.020 -3.070
intercept -0.360 0.540 0.500 0.470 0.620
19 0.0008 0.0004 0.050 0.040 0.001
15 —0.680 0.400 0.080 0.070 0.050
intercept -0.650 0.520 0.210 0.200 0.340
lynx 2 —6.520 4.500 0.140 0.100 -2.150
/rys S5F —6.590 4.760 0.160 0.230 3.200
17 —85.000 53.90 0.110 0.220 —24.700
intercept 1.670 0.730 0.020 0.010 3.000
2 —6.270 4.310 0.140 0.040 -2.330
5F -8.710 6.340 0.160 0.240 3.060
intercept 0.960 0.550 0.080 0.030 1.920
wolf 19 0.0007 0.0003 0.010 0.009 0.001
/ vk 15 0.130 0.320 0.680 0.670 0.730
2 -1.620 0.620 0.009 0.008 —0.390
17 -0.080 2.510 0.970 0.970 5.320
intercept —-0.530 0.350 0.120 0.110 0.110
19 0.0007 0.0003 0.010 0.007 0.001
15 0.120 0.320 0.680 0.670 0.740
2 -1.630 0.620 0.008 0.008 —0.380
intercept —-0.530 0.350 0.120 0.110 0.140

factors that determine the distribution of the large carnivore species and to map the spatial var-
iation of habitat suitability. I found that the “natural conditions and resources” hypothesis was
favoured over the “human disturbance” hypothesis. This means that environmental conditions
related to topography, food abundance and the degree of forest connectivity are more important
in determining habitat suitability for the three large carnivore species than the negative effects
of human activity. Areas with suitable habitat were mainly distributed in high elevation arecas
with rugged landscape and high forest cover (Fig. 2). However, descriptors of human activity
such as the distance to the nearest dwelling road or proportion of cultivated land within a giv-
en neighbourhood yielded reasonable predictions of the bear and Iynx occurrence and should
therefore also play a role in constraining their distribution. Nevertheless, high elevation areas
with rugged landscape and high forest cover tended to show lower human impact.

I estimated a neighbourhood where the large carnivore species may perceive their environ-
ment. For the bear I found a neighbourhood radius of 15 km, which coincides with the results

73



bear / medvéd 4 lynx / rys wolf / vik

bear / medved wolf / vk

occurrence probability
/ pravdépodobnost vyskytu

=/ uzemi pro ochranu 1)

0.00-0.25 k¥
0.25-0.50 : i z
0.50-H : & ¥
I +-1.00 N
r -, prote’ct?d areas b -.\
b < / chrénéna uzemi conservation areas %.i
&

protected areas ¢~

e 2o0km / chranéna azemi i..

L 1 |

Fig. 2. Maps of estimated probability of occurrence of the bear, lynx and wolf in Albania based on the
large carnivore GLM models (ranked 1) from Table 3. Maps of estimated probability of occurrence in 2001
for the bear, lynx and wolf and the conservation areas for the three species are in (a) (top-right). Maps of
estimated probability of occurrence in 2011 for the bear and wolf and the conservation areas for the bear
and wolf are in (b) (bottom-right). H is a threshold that separates marginal and suitable habitats for the
large carnivores (Model selection and mapping). The lynx map of 2011 is in Fig. 3.

Obr. 2. Mapy odhadu pravdépopodobnosti vyskytu medvéda, rysa a vika v Albanii zalozeného na modelu
GLM pro velké selmy (ohodnoceném 1) v tab. 3. (a) mapy odhadu pravdépodobnosti vyskytu medvéda,
rysaa vlka v roce 2001 a chranéna uzemi pro tfi velké Selmy (nahote vpravo). (b) mapy odhadu pravdépo-
dobnosti vyskytu v roce 2011 jsou pro medvéda a vlka a cranéna izemi pro medvéda a vlka (dole vpravo).
H je hranice oddélujici okrajové a vhodné biotopy pro velké Selmy (“Model selection and mapping”).
Mapa vyskytu rysa v roce 2011 je na obr. 3.

for the bear in northern Spain presented by WIEGAND et al. (2008), for the lynx a neighbourhood
radius of 3 km, which coincides with the results for the lynx published by ScHaDT et al. (2002)
and for the wolf a neighbourhood radius of 1 km, which matches with the results for the wolf
in the Iberian Peninsula presented by GriLo et al. (2019). The neighbourhood is of the order
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Fig. 3. The map of estimated probability of the lynx occurrence in 2011. The estimated probability between
0.50 and H (0.75) is in green colour and between A and 1.00 is in blue colour displayed in grid cells of
10x10 km. H is a threshold that separates marginal and suitable habitats for the lynx (Model selection

and mapping).

Obr. 3. Mapy odhadu pravdépopodobnosti vyskytu rysa v roce 2011. Odhadovana pravdépodobnost
mezi 0.50 a H (0.75) je zeleng, mezi H a 1.00 je modie v siti 10x10 km. H je hranice oddé€lujici okrajové

a vhodné biotopy pro rysa (“Model selection and mapping”).



of magnitude of female home ranges for the bear and lynx, and of refuge (and breeding) areas
for wolf.

Forest-drivers of distribution

The bear tended to select areas with higher forest cover in the neighbourhood, the lynx selected
areas with higher forest cover, and the wolf selected areas with broadleaved and coniferous
forests. Forests determined the distribution of large carnivore species supporting the “natural
conditions and resources” hypothesis. Previous studies have demonstrated the importance of
forest cover (BLSG 2008, MarTIN et al. 2012, MULLER et al. 2014) and of bare rock forests
(FERNANDEZ et al. 2003, SIGNER et al. 2019) for the lynx, of forest cover for the bear and wolf
(May et al. 2008, MArTIN et al. 2012). The results showed that forest cover and its changes
influenced the occurrence of the bear and lynx.

The change in forest cover could likely affect the availability of forests for the three large
carnivore species, forcing them to search for new areas for food. I found that the changes in
forest cover after 2000 influenced the distribution of the bear, lynx and wolf. Areas with forest
gain were potentially avoided by the bear whereas areas with forest loss tended to be avoided by
the Iynx and wolf. I note here that forest cover loss would mean the loss of dense forest cover,
available food resources and refuge areas for the large carnivore species. Although forest cover
gain would mean increased forest resources, young forests or low trees would be avoided by
the bear because they are not dense enough and not attractive for the bear in terms of food and
refuge availability. The bear behaviour against forest cover gain can be interpreted as ‘a trade-
off” between forest food and security (see MARTIN et al. 2012) (forest cover gain occurred near
villages with a distance varying between 200 m and 3 km showing a strong inverse linear cor-
relation with the distance to the nearest villages with a R? 0f 0.93%). The bear generally avoids
people by changing its movement patterns after facing a (human) disturbance (Orpiz et al. 2013).
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Fig. 4. The percentage of the study area with suitable habitats within protected areas for three large car-
nivores as predicted for 2001 and 2011.

Obr. 4. Procentualni zastoupeni studovaného uzemi s biotopy v chranénych uzemich vyhovujicimi tfem
druhtim velkych Selem jak ptedpovézeno pro roky 2001 a 2011.
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The change of suitable habitat of the Iynx could be linked with the loss of forests, of food
and with the reduced lynx populations. The habitat suitable for the lynx in Albania as of 2011
was reduced compared to 2007. The suitable habitat was concentrated in the vicinity of the
North Macedonian border where most of the vital lynx population is reproducing (BLSG 2008).

Forest and large carnivore data issues

I had to deal with differences in data collection for the large carnivore species, forest and land
cover changes. To address these limitations, | used the most relevant data collected approximately
in 2001 and 2011. The large carnivore species data were collected using the local ecological
knowledge, which is yet important for species distribution modelling and conservation of poor
data species (see ZHANG & VINCENT 2017). To increase data availability for predicting the occure
rence and conservation areas of large carnivore species, there is a need for a frequent, seasonal
and standardized monitoring of the species data and a regular collection of forest and land data
in the future. A continuous monitoring of forest practices would be also beneficial to reveal
a detailed response of large carnivore species to the changes in forest cover. This could help to
better understand the complex relationship between forest cover changes and large carnivore
species occurrence, and to reveal in details the complex interactions among large carnivore
species that search for food and refuge in the same forested areas.

CONCLUSIONS

I conclude that a possible management option is to expand the already existing protected ar-
eas for the brown bear, grey wolf and Eurasian lynx conservation in the trans-boundary areas
between Albania and North Macedonia, indicating that a regional approach may be required
for conservation of the species (IojA et al. 2010) and conservation of landscape connectivity
at the regional and local scale (see HorvATH et al. 2019). Another major conclusion is that the
bear, lynx and wolf need a landscape-level protection of forests to meet their requirements for
refuge, food and breeding. The importance of particular landscape and forest characteristics
(e.g., tree height) is decisive not only for the large carnivore species, but also for a number
of sympatric smaller carnivores and their coexistence (Soto & PaLomares 2015). T highlight
that the protection of large carnivores would mean maintaining the functioning ecosystem
and protection of species associations that are possibly less resilient to environmental change
(SwmitH et al. 2016) as well as to forests (BARNOskY et al. 2016). Today, protection of the three
large-bodied animals presents a unique opportunity for Albania and its neighbouring country
of North Macedonia (see KoioLa et al. 2018) in Europe. The results of this study highlight that
large carnivore conservation requires the maintaining of the heterogeneous landscape of Albania
through a strong cooperation between national and international organisations, which is ongoing
now (Kaczensky etal. 2012a). I finally conclude that there is a need to regularly collect seasonal
large carnivore species data and conduct an intensive research on forest habitats.

SOUHRN

Lesy piedstavuji hlavni suchozemsky biotop pro ochranu ohrozenych druht velkych selem v Evropé.
Prostorové a ¢asové zmény v lesich mohou kriticky ovliviiovat piezivani a preziti velkych druht Selem.
Ve snaze modelovat rozsifeni kriticky ohrozeného druhu — rysa ostrovida (Lynx /ynx) a chranénych dru-
ht — medvéda hnédého (Ursus arctos) a vlka obecného (Canis lupus) — ve vztahu ke zménam v lesnim
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pokryvu v Albanii, jsem (1) testoval rizné hypothesy ukazatelli pravdépodobnosti vyskytu téchto tii
druhu; (2) hodnotil potencialni zmény ve vyskytu velkych Selem mezi lety 2001 a 2011 ve vztahu ke
zménam v lesnim pokryvu, a (3) analysoval pravdépodobnost vyskytu téchto druhti ve vztahu k mite
ochrany uzemi. Hypothesy zalozené na faktorech ptirozeného prostredi produkovaly modely s vysokou
presnosti pravdépodobnosti (vice nez 76 %) pro vsechny druhy velkych Selem a pravdépodobnost jejich
vyskytu vykazovala zdporny vztah se zménou lesniho pokryvu. Uzemi s vhodnymi biotopy pro alespoii
jeden ze dii druhti velkych Selem tvofilo 38 % studovaného tizemi (tj. vyméry Alabanie) a 11.7 % tohoto
uzemi bylo chranéno.
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APPENDIX
Study areca

Albania has an administrative area of 28,748 km? (including an island) with a human population of 3.1 mi-
Ilion. Altitude varies from 0 to 2,751 m a. s. 1. Climate is Mediterranean in the west and continental in the
east of the country. Albania has approximately 21,096 km of well-kept and seasonal roads including asphalt
and 2,884 villages with the average population of 591 inhabitants per village (mean+SD = 591+663.26).
Human population is scattered in villages, rural areas and high elevation areas, which have experienced
outmigration since the 1990s. Density of village roads (mean) is the highest in the west (0.37 km/km?),
south (0.13 km/km?) and east (0.14 km/km?) and lowest in the north (0.07 km/km?). Coastal and flat
areas in the west are urbanized and densely populated. Highland rural regions have lower accessibility to
infrastructure compared to lowlands; they have a very low level of arable land allocation per capita that
is considered as one of the main causes of poverty in rural areas.

The dense forests and woodlands (i.e. above 30%) covered 23% of Albania’s land area in 2000 (HANSEN
etal. 2013). The changes in forest cover of 13.3% in absolute terms between 2001 and 2014 is composed
of forest cover gain (+2.2%) and forest cover loss (—11.1%) (Hansen et al. 2013). On average, the annual
forest loss was 7% between 2001 and 2014 with the largest forest loss of 16% in 2008 and of 17% in 2012;
‘Forest Loss Year’ was a disaggregation of the total ‘Forest Loss’ to annual time scales’ (HANSEN et al.
2013). In Albania, wood collection for firewood is still important in rural areas (Laze 2014) contributing
to forest disturbance. Private forests, which are introduced after the collapse of socialist regime in 1990,
occupy roughly 2% of the study area. The agricultural land was more extensive in the west (54.5%) and
south (18.6%) compared to the north in 1991 and expanded more in the south (by 6% in 2001) after the
collapse of socialist regime (ASAC 2004a).

After the breakdown of socialism, protected areas were named according to the International Union
for Conservation of Nature (see [UCN 2015b), and these areas have increased in size and network. The
protected areas covered 10.6% of the country and national parks constituted 35% of these protected areas
in 2013.
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Large carnivore data

Large carnivore species data were collected in Europe, but not in Albania before 1990. Lynx data collection
started between 1990 and 1995 and then again in 2000. Within the Lynx Survey Europe 2001 — Balkan
population, data were collected by the means of a ‘standardised questionnaire’ which was compiled by
wildlife experts to update the status report for the years 1996-2001 and to compare (new) large carnivore
species data with those collected by previous surveys conducted in 1990-1995 (voN Arx et al. 2004).
A wildlife expert having information about the lynx (between 1996 and 2001) was asked to fill in a ques-
tionnaire (voN Arx et al. 2004) for Albania and to provide raster maps of the 10x10 km resolution. The
questionnaire required information on lynx status, distribution and development of the lynx population(s)
within Albania, legal situation, losses of lynx, predation on livestock, major threats to the population(s),
conservation measures. Judgement of the population, threats, conservation measures, and criteria for the
judgement were adopted from the [UCN Species Information Service (SIS), and the [UCN Red List (von
Arx etal. 2004). Raster maps (grid cells) of the 10x10 km resolution were used to describe the distribution
of lynx because they were found to (1) be very simple and straightforward, (2) give a coherent picture of
the cross-border lynx populations, (3) allow for a minimum differentiation within the occupied area (by
species) (VON ARrx et al. 2004). Raster maps can help to produce habitat maps and potential distribution
maps using the Geographical Information System (GIS). A grid cell of 1010 km that was more than 50%
constantly occupied by the lynx was assigned as ‘a constantly occupied area’. A grid cell of 10x10 km
that was less than 50% sporadically occupied by lynx was assigned ‘a sporadically occupied area’ (voN
ARrx et al. 2004).

Large carnivore species population was assessed following the standards of the Species Information
Services (SIS) for all countries in Europe (von Arx et al. 2004) including Albania. The Albanian lynx
population was up to 25 individuals, covering an area of distribution of 3800 km? in the year 2001 (von
ARrx et al. 2004). Raster maps (grid cells) of 10x10 km were used to describe the distribution of the bear
and wolf in Albania in 2001.

Land cover variables

The Albanian National Forest Inventory (ASAC 2004a) was used as a source of the data on land use/land
cover. Ten classes of land cover of the Albanian National Forestry Inventory, resolution of 15 m (ASAC
2004a) were used as follows: beech, oak, broadleaved deciduous forests, coniferous forests, cultivated
areas, Mediterranean shrub areas, bare and rock areas, urban and industrial areas, aquatic vegetation and
perennial waters (Table 1). Landsat 5 TM and Landsat 7 ETM+ images have been processed for photo-
-interpretation purposes using the Landsat 7 ETM+ images from October as the basis for interpretation.
The Brovey fusion procedure was applied to combine False Colour Composite (FCC) band combination
453 multi-spectral imagery at 30 m resolution with panchromatic imagery at 15 m resolution; the pan-
chromatic pixel resolution of 15 m and the spectral resolution of the multi-spectral bands of the FCC
were obtained; validation included ground truth data (ASAC 2004a). Position accuracy for the 2000/2001
images was approximately less than 34.5 m on the ground and position accuracy for the 1991 images was
15.8 m on the ground (ASAC 2004a).

Mixed broadleaved and coniferous forests were mostly middle-aged coppice management type forests
representing 19.4% of all Albanian forests, and natural forests were mostly middle-aged and old high
forest management type representing 80.4% of all Albanian forests (ASAC 2004c). High forests are
a mostly semi-natural and natural forest type composed of pure + mixed coniferous forests (24.8%), pure
+ mixed broadleaved forests (63.2%), mix of broadleaved and coniferous forests (12%). High forests of
the age between 21 and 120 years covered 81.7% of the area of all high forests. Coppice management
type forests were composed of pure and mixed broadleaved forests (95.8%), pure and mixed coniferous
forests (4%). Coppice forests of the age between 11 and 30 years presented 59.4% of all coppice forests.
Shrub forests (0.3% of all forests) of the relatively small age between 6 and 25 years were 78.4% of all
shrub forests in Albania (ASAC 2004c).
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Results of Kruskal-Wallis test

Variables of the bear that remained after the Kruskal-Wallis test were as follows: 13, 22,21, 19,4,2,6, 7,
28,20, 27F3,27F5,27F10,27F15, 27F25, 26F20, 1F3-25, 10F10, 10F15, 10F20, 10F25, 4F10-25, 5F3,
6F4-25, 6F3, 2F3-5, 11, 3F3, 3F4, 3F5, 14F1-25. Forest and land cover data of 2010 that passed the test
with the bear occurrence record data of the year 2001 were 19, 15, and 1F15. Forest and land cover data
of 2010 that passed the test with the bear occurrence record data of 2010 were 19, 15 and 18.

Variables of the lynx that passed the Kruskal-Wallis test, for the the lynx occurrence data of 2001, were
as follows: 19, 1, 4, 2, 24, 23, 14, 20, 27F5, 27F3, 27F1, 26F20, 1F4, 1F5, 1F3, 1F10, 10F3, 10F4, 10F5,
10F10, 10F15, 4F3, 4F4, 4F5, 5F3, 5F4, 5F5, 6F3, 6F4, 6F5, 6F10, 6F15, 14F4, 14F5, 14F10, 14F15.
Forest and land cover data of 2010 that passed the test with the lynx occurrence record data of 2001 were
19, 13, 5, and 6. Forest and land cover data of 2010 that passed the test with the lynx occurrence record
data of 2011 were 2, 5 and 17.

For the wolf models, variables that passed the Kruskal-Wallis test are as follows: 14, 19, 20, 14F10,
14F15, 14F20, 14F25, 2, 3, 4, 21, 23, 25, 28, 31, 27, 4F15, 6F10, 6F25, 1F25, 1F15, and 1F20. Forest
and land cover of 2010 that passed the test with the wolf occurrence record data of 2001 were 19, 20, 2,
and 3. Forest and land cover of the year 2010 that passed the test with the wolf occurrence record data
of 2011 were 19, 2, and 17.

Spatial autocorrelation of dependent variable

Spatial autocorrelation of dependent variables should be checked to decide whether to use samples or not;
samples could be used to reduce the spatial autocorrelation of the dependent variable. The autocorrelation
of a dependent variable jeopardizes the results (NavEs et al. 2003), for this reason spatial it was checked
using Geoda095i in this study.

The uncertainty of results

I selected the best approximating fitted model from the complete set of candidate models using Akaike
Information Criterion (AIC). Then, I assessed uncertainty on this selection by weighting all AIC scores
by the score of the best model (w;) (FERNANDEZ et al. 2006). Akaike weight scores were above 0.05 thus
these models were acceptable. Akaike weights scores for best approximating models were above 0.05 for
the three large carnivore species occurrences. The values of Akaike weights and validation showed that
pseudo-absence random selection did not significantly affect the model results.

Natural candidate GLM model

Natural model defined the requirements of large carnivore species concerning food, refuge and reproducs
tion. [ investigated whether the estimated probability of the species occurrence changed in time and space,
and checked if the forest cover change and forest cover change neighbourhood were explanatory to the
estimated probability of the species occurrence for refuge and food. The natural candidate model helped
to define spatial requirements of large carnivore species concerning food and refuge. Elevation, forest
cover and terrain index neighbourhood variable was included in this model. Elevation, terrain index and
forest cover defined the presence of large carnivore species for food, refuge and breeding (Naves et al.
2003, KrRAMER-ScHADT et al. 2005, FERNANDEZ et al. 2006, NIELSEN et al. 2006, May et al. 2008). Predictor
variables were as follows: beech forest connectivity, oak forest connectivity, coniferous forest connec-
tivity, broadleaved forest connectivity, Mediterranean macchia shrub connectivity, forest cover change
connectivity, forest cover change connectivity in percentage, forest connectivity percentage of beech,
oak, Mediterranean macchia shrubs, coniferous, broadleaved. The assumption was that forests determined
largely the presences of large carnivore species for food. Forest cover change connectivity could define
the changes of the estimated probability of large carnivore species occurrences for food.
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Similarly, forests were very important for providing a refuge to large carnivore species. Bare rock
neighbourhood, forest connectivity, distance to nearest forest edge, forest cover change, forest cover
change connectivity were included. Bare rock neighbourhood and forest cover connectivity variables
indicated the refuge sites of the lynx and bear (FERNANDEZ et al. 2003, 2006, KRAMER-ScHADT et al. 2005).

Human candidate GLM model

Human explanatory variables were as follows: distance to nearest asphalt road, distance to nearest well-
kept road, distance to nearest seasonal road, distance to nearest dwelling road, density of asphalt roads,
density of well-kept roads, density of seasonal roads, density of dwelling roads, neighbourhood density of
villages, cultivated land diffusion 2001, population diffusion 2001. I assumed that population and village
locations disturbed the large carnivore species habitats. Roads were assumed to negatively affect large
carnivore species presence (NAVES et al. 2003, ZiMmMERMANN et al. 2014). Village roads were checked if
they negatively affected large carnivore species presence.
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Fig. 5. Estimated response curves (logistic regression: probability presence) of GLM models for the first
ranked one and RF models (RF TSS>0.50) for (a) bear, (b) lynx (c) wolf, (d) model ranked 8th for the
lynx. Estimated response curves show how the logistic (regression) prediction changed. GLM and RF
models are shown in Tables 3 and 4.

Obr. 5. Kiivky odhadu odezvy (logisticka regrese: pravdépodobnost piitomnosti) modeltt GLM pro prvni
v potadi a pro modely RF (RF TSS>0.50) pro (a) medvéda, (b) rysa, (c) vlka, (d) model 8. v pofadi pro
rysa. Kfivky odhadu odezvy ukazuji jak se logisticka (regresni) predpovéd’ zménila. Modely GLM a RF
jsou ukazany v tab. 3 a 4.
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Fig. 5. (continued).
Obr. 5. (pokracovani).
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Fig. 5. (continued).
Obr. 5. (pokracovani).
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