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Abstract

ZLATANOVA, D. and E. POPOVA, 2013. Habitat variables associated with wolf (Canis lupus L.) distribution and abundance
in Bulgaria. Bulg. J. Agric. Sci., Supplement 2, 19: 262-266

The wolf is highly adaptable and at the same time, a conflict species, which demands for better understanding of the
variables, associated with its presence. This is the first paper in Bulgaria, dealing with the habitat variables defining the wolf
distribution in the country. Based on data for 1323 wolf locations collected during the last 3 years and updated distribution in
Bulgaria, we analysed the main habitat factors influencing the distribution and abundance of the wolf in the country. The out-
come of these analyses shows that although being mainly a forest species, the wolf does not avoid pastures and meadows and
is tolerable to urban areas, although it prefers areas with smaller settlements. The wolves also avoid altitude below 500 m (cor-
related with densely populated areas and bigger settlements) and above 2000 m (above forest level) and show no significant
preference to certain inclinations of the slope. The road density is also of no significant importance for the wolf distribution but
there is clear avoidance of the busy primary roads (highways, first and second-class roads). The density of water areas is also
of no significant influence for the wolf presence. The prey base (ungulate) density is one of the most important factors defining
the wolf distribution and abundance as most of the wolf locations are collected in areas with ungulate biomass of 100-150 kg/
km?. Indirectly the wolf is affected by the number of hunters per area, mainly through the competition for the prey. Directly the
species is affected only when the hunters’ density is above 3 hunters/ km?. Highest wolf density is observed in areas with 1-1.5
hunters/km?, which is also correlated with high numbers of ungulates.
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Introduction

Historically, the wolf had been persecuted throughout Eu-
rope for many centuries, which led to its extinction in most
of the areas in Northern and Western Europe. After reaching
its minimum in 1940-1960ties, many populations started to
recover and expand. Still, the contemporary distribution of
the wolf in Europe is irregular and its density fluctuates in
the different countries. This calls for a more detailed analysis
in Bulgaria (as a country with a stable population) of the fac-
tors defining the wolf’s current distribution and abundance
in attempt for a better understanding the habitat and other
issues of conservation interest.

*E-mail: zlite2@mail. bg

In Bulgaria so far there is only one study (Zlatanova,
2010) dealing with the environmental factors associated
with the wolf distribution, which is based on older (Corine
Landcover 2000, EEA 2000) or larger scale data. Here we
present analyses based on the most recent and smaller scale
of spatial data representing the main variables.

Materials and Methods

The study is conducted on the territory of the whole coun-
try. Two datasets — wolf locations (opportunistically collected
tracks and signs, observations, cameratrap locations for the
period 2009-2012), n = 1323 and wolf distribution maps (last
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update in 2011), provided as areas with and without wolves
(Figure 1) were analysed against several spatial variables ap-
plied as the following layers: 1. Type of Landcover (based on
Physical blocks derived from orthophotos, 2007, source: Min-
istry of Agriculture and Food); 2. Topography — Altitude and
Slope, derived from Digital Elevation model, 20 m resolution;
3. Urban areas (extracted from Physical blocks 2007, source:
Ministry of Agriculture and Food); 4. National road network,
classified to 7 types of roads (source: National Road Agency); 5.
Rivers and other water bodies (source: River Basin Directorate
for Water Management); 6. Forestry units (Forestries and hunt-
ing stations) (source: Executive Forest Agency); 7. Hunters’
density per forestry units (source: Executive Forest Agency);
8. Preybase density, expressed as ungulate biomass per km? for
each forestry unit. The biomass was calculated as the average
biomass of the species roe deer, red rear and wild boar (the main
wolf prey) was multiplied to the numbers recorded for these
species during the 2011 annual monitoring (source: Executive
Forest Agency). 9. Wolf numbers recorded during the 2011 an-
nual monitoring (source: Executive Forest Agency)

The location and distribution data were analysed through
GIS operations (Clip, Intersect, Merge, Spatial Join, Raster
clip) in ArcGIS Desktop (ESRI) v9.1.

The difference of the habitat/other variables within and out-
side the wolf distribution was analysed to identify the overall

wolf preference/avoidance of these factors. The absolute local
preferences to all factors named above were calculated at each
wolf locations. The relative preference to different habitat types
was calculated as Ivlev’s Selectivity Index (D), partially modi-
fied by Jacobs (1974). The statistical analyses were conducted
with Sigma Stat for Windows, v3.5 (Systat Software Inc)

Results and Discussion

About half of the area with wolves (47.41%) is covered
with forests and it’s more than three times bigger than in the
area without wolves (13.28%) (Figure 2). This outcome is in
agreement with the findings of Jedrzejewski et al., 2004 and
Jedrzejewski et al., 2005 that the availability of forest cover is
one of the most important factors for the wolf. More than half
of the areas without wolves (56.03%) are covered with agricul-
tural land and the urban areas outside wolf distribution are twice
bigger than within the distribution (1.61% vs. 0.73%). This is
also in agreement with Aidnel (2006) for the wolf adaptation to
human disturbance.

84% of all wolf locations are found in forested areas (Figure
3). The selectivity index also confirms the wolf preference to
forested areas (Figure 4). The forests provide for less human
disturbance and for the needed prey.

The wolf actively avoids low altitudes due to the dense hu-
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Fig. 1. Wolf distribution and locations datasets
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Fig. 2. Comparison of the landcover between the wolf and non-wolf areas
Note: Areas with coverage less than 1% are exluded

man presence. The areas outside wolf distribution are mainly in
the range of 0-500 m. above sea level (93.90%), while in the
wolf distribution area this altitudinal range covering is 57.43%.
This is also confirmed by the selectivity index. Most wolf lo-
cations are found in the range of 500 and 1000 m. (n = 415,
31.37%) and between 1000 and 1500 m. (n = 341, 25.77%).
These altitudinal ranges are mainly covered with forests, which
is also in agreement with the findings about the preference to
forests.
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Fig. 3. Distribution of the wolf locations according to
the different land cover

The comparison of inclination of the slope in the areas with
and without wolves does not show a significant difference. Most
of the wolf locations (n = 933, 70.52%) are found in areas with
slope of 0-20°. Yet, according to the selectivity index (Figure 5)
the relative preference of wolves is to areas with slope of 20-30°
and 40-50° where they are less disturbed by human activities.

There is a clear avoidance of urban areas. In wolf areas,
the density of the settlements is twice lower than in the areas
outside the wolf distribution (Table 1). The wolves also pre-
fer areas with smaller in size settlements (mainly small towns
and villages). This is also connected with fewer disturbances
and at the same time with possible access to unattended live-
stock. The analyses of the wolf location against the Euclidean
distance to settlements reveal that the wolves are not afraid to
enter the smaller villages in attempt to look for prey, especially
in areas with low density of ungulates and higher density of
livestock. This is also confirmed by Kaartinen et al. (2005) and
Jedrzejewski et al. (2005). The mean distance of all the wolf
location to settlements is about 5 km.

The analyses of road density do not show significant differ-
ences within the wolf distribution and outside it (Kruskal-Wal-
lis test, H = 0.026, p = 0.873). This shows that the road density
is not important for the species distribution in Bulgaria. This is
in agreement with Thiel (1985) and Jedrzejewski et al. (2005).
The Euclidean distance from the road network to the wolf loca-
tions (Figure 6) shows clear avoidance of the primary roads
(highways and first/second class roads). Thus, the main influ-
ence from the road network is not due to the overall road density
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10 ers’ density in the areas with and without wolves (Figure 7)

Fig. 5. Selectivity index of the inclination of the slope

but to the presence of primary roads, which are causing habitat
fragmentation and are significant barriers for the dispersal of the
young wolves.

No significant difference was found between the density
of water bodies within the wolf distribution and outside it. We

(Kruskal-Wallis test, H = 2.336, p = 0.126). The lowest wolf
density was recorded in areas with hunters’ density of 0-0.5/
km?. This is probably due to the low ungulate density, which is
the main hunting target and at the same time — main preybase for
the wolf. The highest density of wolves is observed in regions
with hunters’ density of 1-1.5/km?. With the hunters’ density,
increase a rapid decrease of wolf density is observed, as these
areas cover forestry units with intensive management/breeding
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Fig. 7. Number of wolf and non-wolf forestry units in
relation to hunters’ density per km?

of ungulates. These regions are known to have high hunting
pressure on the wolf due to the strong competition for the game.
Thus, hunters’ density is only significant above 3 hunters/km?,
as the wolf locations analyses also confirm this conclusion.
The linear regression analyses of the hunters’ density per
km? to the density of the wolf (R? = 0.002, p = 0.601) and to
the ungulate biomass (R* = 0.0002, p < 0.001) show that there
is no relationship between hunters’ and wolf’s density and a
very weak dependence of the ungulate biomass to the hunters’
density. Thus, the influence of the hunters on wolf density is
not directly through a hunting pressure, but through competi-
tion for the biomass of ungulates. The linear regression analysis
between the ungulate biomass and the wolf density also shows
a significant although weak relationship (R*=0.202, p <0,001).

Being a primary food resource for the wolf, ungulates are the
most important factor for its distribution and abundance in Bul-
garia. Nowak et al. (2011) for Poland, also support this conclu-
sion.

Most of the wolf locations are recorded in areas with ungu-
late biomass of 100—150 kg/km? (n = 566, 42.78%). Above this
range, the numbers of wolf locations recorded are much lower
and merely equal. This is probably correlated with the hunters’
density as was already stated above.

Conclusions

The outcome of all analyses shows that the main factors, as-
sociated with the distribution and the abundance of the wolf in
Bulgaria are forest cover, the presence of settlements and other
urban areas, ungulate abundance and indirectly, the hunters’
density.
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