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Simple Summary: The wild boar population decreased drastically in Eastern Europe after the
emergence of a viral disease called African Swine Fever. We studied how the gray wolves’ diet
changed in two regions in Belarus during this situation. Wolves mainly hunted wild boar, elk, red
deer, roe deer and beaver. The decrease in the wild boar population caused changes in the diet of
wolves, but only in Vitebsk region. After the decrease in the wild boar population, wolves in this
region hunted wild boar less, but they hunted roe deer and red deer more. The more the wolves
consumed wild boar, the less they consumed both deer species (roe deer and red deer). Moreover,
the more the wolves consumed elk, the less they consumed beaver. In another region, Grodno, no
changes in the wolves’ diet were found.

Abstract: After the emergence of African swine fever (ASF), the wild boar population numbers fell
drastically in Eastern Europe. This situation made it possible to verify the changes in the wolves’ diet
that occurred. The material collection was carried out in two regions, Grodno and Vitebsk, in Belarus.
In total, 19 species/groups of prey were observed in the gray wolf diet, but the most important
were wild boar, elk, red deer, roe deer and beaver. The decrease in the number of wild boar caused
changes in the diet of wolves but only in Vitebsk region, where wolves’ diet before the ASF epidemic
outbreak consisted mainly of elk and wild boar. After the decrease of wild boar numbers, wolves
still mainly hunted elk, but other types of prey included roe deer, red deer and beaver. We found a
negative correlation between wild boar and both deer species (roe deer and red deer) in the wolves’
diet. Moreover, the more the wolves consumed elk, the less they consumed beaver. In our opinion,
only intensive hunting of wolves by humans can explain the resulting dietary fluctuations between
elk and beaver, as well as the fact that wolves did not turn to other food sources.
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1. Introduction

Gray wolf (Canis lupus) is the most common large carnivore in Europe. The population
dynamics of this species can significantly affect the dynamics and distribution of certain
groups of ungulates in ecosystems [1,2]. This species is a carnivorous opportunist with
a wide choice of prey [3-7]. We can talk, however, about a dietary preference when a
predator hunts a given species of prey disproportionately to its abundance in the envi-
ronment [8]. Former studies on the gray wolf’s diet show a clear preference for some
species of prey [9,10]. Moreover, preferences for selected age classes of prey have also
been found: young ungulates under the age of one year often fall prey to wolves [11-13].
The gray wolf’s main prey species are red deer (Cervus elaphus), elk (Alces alces), wild boar
(Sus scrofa) and livestock [7,9,14]; however, depending on the availability of prey, gray
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wolves sometimes feed on fish and rodents, but large and medium-sized animals usually
predominate in their diet.

As a consequence of prey density differences, a wolf’s diet can vary significantly
between regions and habitat types. Wolves mainly hunt elk and deer in Scandinavia and
northern North America [15-18]; red deer, wild boar, roe deer and beaver in Central Eu-
rope [19-21]; livestock in Greece [22]; and livestock, wild boar and roe deer in Italy [23,24].
When a given species dominates in the gray wolves’ diet, a decrease in its density signif-
icantly changes the composition of the wolves” diet. Such a relation was found for wild
boar, whose fall in numbers caused it to be replaced by medium-sized ungulates of the
deer family [25]. This was also confirmed for beaver, for which a decline in the number
of ungulates caused an increase in predation on this species [26,27]. Diet fluctuations
have been observed even without significant fluctuations in the number of individual
ungulate species [28]. Within one region, the proportion of wild boar in the diet can vary
significantly [29].

Depending on local conditions, wild boar might be second- or third-order prey, and the
share of this species in the biomass consumed by wolves can exceed 20% [19,30]. Wild boar
may also be the most important prey when a decrease in the numbers of other ungulate
species is observed [23]. However, after the emergence of African swine fever (ASF), which
is a viral swine disease [31], the wild boar population numbers changed drastically in
Eastern Europe. The virus appeared in 2013 in Belarus and caused (mainly as a result of
deliberate intensive hunting) a drastic decline of the wild boar population, which is one
of the gray wolf’s main prey [32,33]. The number of wild boar fell by 90% over a short
period of time [34]. This situation, which is unique to Europe, made it possible to verify
changes in the wolves’ diet as a result of a drastic decline in food availability. A recent
study in Estonia showed a shift in the wolves” winter diet to a higher proportion of roe
deer and other less typical food sources after the emergence of ASF [35]. We chose two
regions in Belarus whose densities of ungulates and species compositions differed [36]. We
hypothesized that due to the drastic wild boar population decline, the wolves’ diet would
shift to other ungulate species and other less-hunted animals.

2. Materials and Methods
2.1. Study Areas

The material collection was carried out in two regions, Grodno and Vitebsk, both
of which are in Belarus (Figure 1). These regions were chosen because the abundance of
wolves’ prey (mainly roe deer and red deer) differs between them [36]. Roe deer density
was over four times higher in the Grodno region than in Vitebsk (18.7 and 4.3 ind./10 km?,
respectively). Red deer was not noticed in the Vitebsk region, while in the Grodno region,
the density was estimated to be 5.1 ind./10 km?. The Vitebsk region is located in north-
eastern Belarus and covers two districts: Gorodok and Vitebsk (55°23' N 30°16’ E). The
study area was characterized by vast forests and swamps with a dense network of natural
water bodies: rivers, streams and glacial lakes. Forest complexes covered about 72% of the
area. Broad-leaved tree species prevailed (52%), and coniferous tree species covered about
44% of the area. The remaining 28% of the region was open areas, mainly agricultural lands
(meadows and crop fields). The Grodno region is located in western Belarus and contains
Mostovsky and Grodno districts (53°25’ N 24°48’ E). The region was mainly open areas
(63%). Forest complexes that were dominated by pine (Pinus sylvestris) (59%) and birch
(13%) stands covered about 37% of the region.

2.2. Population Trends

Based on official data [34], wild boar population numbers in Belarus underwent
a drastic decline between 2013 and 2014 (Table 1). From 2010 to 2013, the population
grew and reached 80,000 individuals. In 2014, only 8600 individuals were registered in
official data. Subsequently, the population numbers of wild boar constantly decreased
to 2400 individuals in 2019. Data for 2020 were not yet available. Wild boar hunting
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almost doubled between 2010 and 2013, and from 2014, the harvest numbers exceeded the
estimated population size.
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Figure 1. Location of study sites (red circles) in the studied regions.

Table 1. Wild boar population numbers and hunting intensity (population harvest) in Belarus
between 2010 and 2019 (in thousands) in the official data [34].

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Population 9 1 7 772 804 8.6 8.0 53 2.8 26 24
numbers
Population 55 585 207 481 306 172 117 9.1 77 114
harvest

The beaver population trends show that the population density was rather stable
(Table 2). In the Vitebsk region, a slight decrease was observed between 2010 and 2019
(from 13.3 to 10.1 ind./10 km?). In the Grodno region, the beaver density was much lower
than in Vitebsk region, but only slight fluctuations were observed during the studied
period.

Table 2. Beaver population numbers in Vitebsk and Grodno regions between 2010 and 2019 (in
thousands) in the official data [37].

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Vitebsk 13.3 12.7 12.1 12.6 124 11.3 10.1 9.8 10.0 10.1
Grodno 8.1 7.6 7.6 8.5 8.6 8.3 7.7 7.6 7.6 8.1

The official data did not cover ungulates in the study sites or regions, and the popu-
lation trends were not clearly known. Nevertheless, changes in the ungulate population
density could be derived from the census conducted by Yanuta (unpublished data), for
which typical winter track counts on transects (34-37 km for each year) were conducted,
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according to Priklonski [38]. The ungulate population trends could be regarded as stable,
except for wild boar (Table 3). In both regions, wild boar density declined after the ASF
outbreak (years: 2015-2018). Other ungulate populations were stable, and a slight increase
of red deer in Grodno was observed.

Table 3. Ungulate population density (ind./10 km?) in selected years in the study areas (Vitebsk and
Grodno) [Yanuta, unpublished data].

Vitebsk Grodno
2011 2013 2015 2017 2012 2016 2017 2018
Wild boar 8.3 119 2.7 0.2 271 0.9 0.9 0.9
Elk 4.8 4.7 5.0 5.0 3.2 3.6 44 4.2
Red deer 0.0 0.0 0.0 0.0 54 6.3 6.7 7.1
Roe deer 34 4.1 34 3.9 28.3 29.6 31.1 29.7

2.3. Sample Collection, Elaboration and Statistics

We collected 237 gray wolf fecal samples from both regions between 2010 and 2020:
116 in the Vitebsk region and 121 in the Grodno region (Table 4). We tried to collect a similar
number of samples for particular periods of the year. The samples were collected during
both vegetation and non-vegetation periods in both regions: April to October (summer)
and November to March (winter). The collection of excrement was carried out where
wolves had marked their territory, which was revealed in the winter. No more than two
feces samples were collected from each site marked by wolves during a given season, to
assure collection of samples from various wolf packs. The samples were placed in plastic
bags with detailed labels. Subsequently, the samples were immediately analyzed or frozen.

Table 4. Number of fecal samples collected in both regions between 2010 and 2020.

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Total
Vitebsk 10 13 15 15 9 10 10 11 12 11 - 116
Grodno 14 9 12 11 10 11 11 12 12 10 9 121

The identification of prey species in the fecal samples was performed according to
Jedrzejewska and Jedrzejewski [39], Pucek [40] and Debrot et al. [41]. A washed sample
was dried, and the mass of the residues was weighed. The relative amount of prey was
calculated from the dry mass of the undigested residues in the sample. To estimate the
biomass of individual prey, the weight of the residues of prey extracted from the feces was
multiplied by digestibility coefficients [42]. Transverse hair microstructure analysis was
used to identify taxonomic groups [43].

As the percentage of each prey species varied significantly between samples, we
calculated the mean percentage of each prey species from all samples from each year in a
given region. In further analyses, we included the main prey species: wild boar, red deer,
roe deer, elk, beaver and others (as a sum of the percentage of all other prey). To show the
changes in the diet composition, we calculated the mean percentage of each prey in the
wolves’ diet for the three years before the ASF epidemic outbreak (2010-2013) and for three
(for the Vitebsk region, 2017-2020) or two (for the Grodno region, 2017-2019) years after
the epidemic outbreak. We compared the wolves’ diet between periods using the Z-test,
with which the frequency of each species in the samples was analyzed. Each pray species
was compared separately for the given region. We also built 12 linear regression models (6
for each region); for each model, the dependent variable was the percentage of each prey,
and the explanatory variable was the year. The models were built to show the fluctuations
in the percentage of each prey in the wolves’ diet for each year. We also ran a Pearson’s
correlation matrix, which tested the relations among the percentage of prey species in the
wolves’ diet. All statistics were calculated in SPSS software.
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3. Results

In the wolf diet in the two regions, we observed 19 species/groups of prey in total.
Apart from wild boar, elk, red deer and beaver, other less important species/groups were
observed: red fox (Vulpes vulpes), muskrat (Ondatra zibethicus), white hare (Lepus timidus),
brown hare (Lepus europaeus), rodents, birds, domestic dogs and livestock (cows and sheep).

In Grodno, before the ASF epidemic outbreak, the main prey species were red deer,
roe deer and beaver (27.0%, 22.9% and 19.4%, respectively). Wild boar and elk were less
hunted by wolves (10.3% and 11.9%, respectively). This distribution did not change much
after the ASF epidemic outbreak. Red deer, roe deer and beaver were still the main prey
species (32.7%, 18.8% and 20.9%, respectively), but elk was more hunted (17.4%), while the
share of wild boar in the wolves’ diet decreased slightly (7.4%) (Figure 2). The proportion
of each species in the diet did not differ statistically between the periods (p > 0.05).

In the Vitebsk region, the wolves’ diet before the ASF epidemic outbreak was depen-
dent mainly on elk and wild boar (35.6% and 28.4%, respectively). Other species were less
hunted, mainly beaver (17.4%) and roe deer (11.6%), and red deer was killed only extremely
rarely (1.1%). After the ASF epidemic outbreak, the diet composition changed significantly.
Wolves still mainly hunted elk (34.7%), but other prey species were roe deer, beaver and
red deer (24.2%, 15.4% and 14.2%, respectively). The proportion of wild boar in the diet
dropped to 5.9% (Figure 2). The Z-test showed a statistically significant lower proportion
of wild boar after the ASF epidemic outbreak (p < 0.05). Roe deer and red deer proportions
were statistically higher in the period after the ASF epidemic outbreak (p < 0.05).
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Figure 2. Percentage of prey in wolf diet before (2010-2013) and after (2017-2020 for Grodno and 2017-2019 for Vitebsk) the
ASF epidemic outbreak in the two studied regions; statistical difference (Z-test) between periods is shown above the bars.

In the Grodno region, no change was found in any prey species in the wolves’ diet
over time. All the regression coefficients were statistically non-significant (p > 0.05). In
the Vitebsk region, we found three statistically significant relations with year (Figure 3).
The share of wild boar in the wolves’ diet decreased over time (F = 13.78, p = 0.005),
which explained over 60% percent of the variance of wild boar in the gray wolves’ diet
(R? = 0.605). A percentage increase of two other species in the wolves’ diet was found over
time for which the explanatory power was higher: red deer (F = 7.82, p = 0.021, R? = 0.465)
and roe deer (F = 8.96, p = 0.015, R? = 0.499). No other changes over time were found.

We found no correlation between prey species in the wolves’ diet in the Grodno region.
In the Vitebsk region, we found a strong correlation between the percentage in the wolves’
diet of wild boar and red deer (r = —0.767, p = 0.006), and between wild boar and roe
deer (r = —0.714, p = 0.014). Elk did not correlate with wild boar (p > 0.05), but it strongly
correlated with beaver (r = —0.907, p = 0.000). All relations were negative (Figure 4).
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Figure 3. The fluctuating proportions of wild boar, red deer and roe deer in the wolves’ diet over
time in the Vitebsk region.
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Figure 4. Correlation of the share in the wolves’ diet of selected prey species in the Vitebsk region.

4. Discussion

According to our hypothesis, along with the decline of the wild boar population,
the wolves increasingly hunted other ungulate species, such as roe and red deer. This
was observed in the Vitebsk region, where these species were much less important in the
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wolves’ diet before the ASF epidemic outbreak. The strong correlation between wild boar
and roe and red deer confirmed this finding (Figure 4). This result was in line with other
studies that reported a change in the proportion of ungulates (roe deer, red deer and wild
boar) in the diet of the gray wolf. In relatively natural ecosystems with an abundance of
ungulates of the deer family, the share of wild boar in the wolf’s diet is usually low [9,14].
Ansorge et al. [44] observed that when roe deer and red deer numbers increased, wolves
usually hunted them more than wild boar. However, when the numbers of ungulate prey
species fell, wolves instead hunted medium-sized ungulates, mainly wild boar [23,25].
Thus, in some regions, the wolves’ diet may be based on wild boar [45—47], and this species’
offspring may even seasonally dominate in the diet, despite the high density of other
ungulate species [48]. In contrast to the results in the Vitebsk region, the wolves did not
show any response to the decline in the wild boar population in the Grodno region. This
was an effect of the low share of this species in the wolves’ diet before the ASF epidemic
outbreak (only 10.3%). The observed changes in the wolves’ diet were usually related to
the decline of prey species that are an essential group exploited by wolves.

Contrary to our hypothesis, the decline in the wild boar population did not cause
an increase of other prey in the wolves’ diet, except for ungulates. Wolves did not hunt
domestic animals more often, nor did they turn to any other food source. This result was
surprising, as some authors have indicated that the most important buffer victims that
compensate for a deficit of ungulates are medium-sized wild mammals (mainly hares, but
also raccoons, dogs and beavers) and domestic animals (mainly cattle and dogs) [47,49-52].
Similar trends were observed during monitoring of the diets of wolves in Belarus in the
1990s. When a large number of ungulates were observed (elk, roe deer, wild boar), they
constituted 88% of the food biomass in the gray wolves’ diet, while domestic animals
constituted only 4%. A rapid decline in the ungulate population resulted in significant
changes in the diets of wolves. Large ungulates fell to 32% of the biomass in the diet, and
domestic animals accounted for 38% of the dietary biomass [52]. Moreover, the wolves ate
roe and red deer, whose density in the Vitebsk region was low (3.8 and 0.0 ind./10 km?,
respectively) after the ASF epidemic outbreak (Table 3). In our opinion, this fact should
be considered in conjunction with another observed phenomenon, namely the relation
between the share of beaver and elk in the wolf’s diet.

Another phenomenon observed in this study was the relation between the proportion
of elk and beaver in the wolves’ diet in the Vitebsk region. The greater the share of elk,
the smaller the proportion of beaver. Our results were consistent with previous studies
in the Vitebsk region, where wolves increasingly hunted beavers after a decrease in the
numbers of elk [52]. Wolves mainly hunt beavers in spring, after the ice cover has subsided,
and in autumn. In these two periods, beavers spend more time on land and are therefore
more vulnerable to predation [53]. Wolves’ interest in beavers decreases in summer, when
predators mainly hunt young ungulates [54]. However, some studies have indicated all-
year-round consumption of beaver [18,19,55]; this was explained by mild winters, when a
lack of hard ice cover makes beavers more vulnerable to predation. Another factor that
makes beavers more vulnerable to wolves is lower water levels (e.g., due to drought or low
rainfall). In such conditions, beavers spend more time on land or in shallow water, thus
making them more exposed to wolves [19]. In our opinion, however, these weather-related
reasons are unlikely to have affected our results, as a similar phenomenon was not noticed
in the Grodno region. Both study areas were relatively close to each other, which suggests
similar conditions in winter and similar rainfall in the individual years of the study. Thus,
why was the beaver’s proportion in the wolves’ diet not related to the proportion of elk in
Grodno?

The share of beavers in the wolves’” diet was similar in both regions, with slightly
higher values in the Grodno region than in the Vitebsk region (Figure 2). These regions,
however, significantly differed in terms of the proportion of elk in the wolves’ diet: in
Vitebsk, elk was the most important prey, but in Grodno, it was much less important
(Figure 2). In our opinion, these differences could explain the fluctuating proportions of
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beaver and elk in the wolf’s diet. Wolves prefer to hunt elk calves [16]. Female moose
with calves are less mobile, which may make them easier to hunt [56]. Elk, however, show
various behavioral adaptations to the presence of wolves, including increased vigilance
and aggressive behavior towards predators [15,57,58]. Thus, the effectiveness with which
wolves hunt elk may depend on the size of the wolf pack [59]. Beavers can be an important
part of the wolf’s diet [5], although consumption of this species may be related to its density.
Romanski [60] and Moayeri [61] indicated that beaver hunting may also result from the
specialization of an individual or family group. Beavers can be attractive prey for lone
wolves or small packs, because they are an easier food source compared to ungulates [62,63].
Taking the above into account, we speculate that wolf pack structures have been affected by
the results of hunting. Smaller groups or a larger proportion of smaller packs has probably
resulted in an increased interest in beavers. We did not possess data on the intensity of
wolf hunting by humans; however, we believe that wolf hunting has increased after the
wild boar population decline. We speculate that wolves hunted deer more intensively
after the ASF epidemic outbreak, and this probably encouraged hunters to exploit wolves
more in the Vitebsk region. This speculation could be confirmed by the lack of an increase
in livestock depredation in the Vitebsk region after the ASF epidemic outbreak. Such a
phenomenon should theoretically occur when a decrease of one of the gray wolf’s main
prey is observed [7]. However, less predators effectively means less depredation of farm
animals [64]. Increased wolf hunting could also explain the lack of other prey in the wolves’
diet after the ASF epidemic.

5. Conclusions

Our study has shown that the drastic decline in the wild boar population after the
ASF outbreak triggered a significant change in the diet of the gray wolf. However, this
effect was dependent on the importance of wild boar in the wolves” diet. When this species
constituted 10% of their diet, the decrease in its number in the environment did not make
any difference for wolves. Wild boar in the diet was replaced by roe and red deer, while
the secondary effect of the ASF epidemic outbreak was a fluctuation of elk and beavers in
the wolves’ diet. In our opinion, only intensive killing of wolves by humans could explain
the resulting dietary fluctuations (between elk and beavers) and the lack of an increase in
other prey (including livestock) in the wolves’ diet in the Vitebsk region.
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