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Abstract

The wild boar is one of the most important hunting game species in Eurasian boreal and temperate forests. In Russia,
these animals inhabit a large part of the country; however, official bodies do not allow public access to relevant and unbiased
regional statistics. In parallel with official figures, such statistics have been kept for decades by VNIIOZ (Russian Research
Institute for Game Management and Fur Farming): the resource is estimated using the indirect method of recalculating multiple
scores from independent respondents. We compared the VNIIOZ long-term datasets with the wild boar habitat suitability
distribution within the Russian territory to assess the reliability of these figures and to carry out a pilot evaluation of the need
for their adjustment. Our results show a good correlation between the abundance assessment by VNIIOZ and habitat suitability
(about 0.7); we also identified several regions where wild boar abundance indicators are sharply dissonant with the existing
environmental capacity.
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Introduction

The wild boar is one of the most important hunting
game species in Eurasian boreal and temperate forests.
They inhabit permanently a large part (about 38%) of
the Russian territory in its 76 federal members (Danilkin
2002). In the ranking of socially significant species in Rus-
sia, these animals take the second position after the moose
(Zarubin et al. 2012). Unique features of the wild boar’s
biology are its environmental plasticity, vast distribution,
high reproductive ability and consumption by them of a
wide range of feed items, together with commercial prod-
ucts delivered through hunting on wild boars, which makes
them a valuable species in hunting industry. These values
have given rise to an interest in the accurate evaluation of
their resources and the structure of their population distri-
bution throughout the country.

The modern methodological apparatus allows for cal-
culations of habitat suitability on the basis of analysis of
spatial distribution of environmental predictors and species

occurrence localities; such studies were carried out on wild
boar in several regions across Europe (Belda et al. 2012,
Bosch et al. 2014a, 2014b, Acevedo et al. 2019, Vargas
Amado et al. 2020). The habitat suitability affects the num-
ber of animals that can feed in the given territory; there-
fore, we can evaluate the game species resources. Similar
studies have already been successfully carried out for wild
boar in Europe (Bosch et al. 2012, Acevedo et al. 2019,
2020) and for moose in Russia (Razenkova et al. 2020).
At the modern stage, the studies evaluating correlation
between habitat suitability and wild boar abundance are
absent for the entire Russian territory. Moreover, the data
on wild boar number are collected by the Federal Centre of
Hunting Industry Development (FGBU Tsentr Okhot Kon-
trol) and the final figures have restricted public access. These
publicly available data are published with considerable de-
lays; sometimes such data are not complete. According to
the data of the FGBU Tsentr Okhot Kontrol (2013-2017),
recent information about the wild boar resources in Russia
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dates to 2015. The FGBU Tsentr Okhot Kontrol figures in-
clude no data by regions of the country. Regional data by
federation members of the Russian Federation are partially
available in individual ‘governmental reports’ of federation
members ‘On the State of the Environment...’. Therefore,
such data hardly can be used for the investigation of corre-
lation between habitat suitability and wild boar abundance.

The purpose of this paper is to assess the state of wild
boar resources in Russia, considering the spatial distribu-
tion and suitability of habitats calculated based on Earth
remote sensing and climate models. We used long-term da-
tasets collected using the method developed at the Russian
Research Institute for Game Management and Fur Farming
(VNIIOZ) (Glushkov et al. 2007).

Materials and methods

We used wild boar resource estimates for the period
from 1994 to 2019 obtained by the ‘harvest’ service of the
VNIIOZ monitoring system (Figure 1, Table 1s). We used
‘official”’ (FGBU Tsentr Okhot Kontrol) data only to com-
pare the annual census fluctuations countrywide (Lomanov
et al. 1996, Lomanov et al. 2004, Gubar et al. 2008, Min-
Prirody Rossii 2003-2018).

To assess the validity of estimates by VNIIOZ, we
built a model of wild boar habitat suitability within the
Russian territory and compared the overall suitability of
habitats (i.e. proportional to habitat capacity) to the overall
wild boar resources according to the VNIIOZ data within
each of the 76 federation members of the Russian Federa-
tion inhabited by wild boar. Additionally, to verify the re-
sulting linear model, we made the same comparisons with-
in 11 hunting grounds that counted wild boar within their
territories, using various methods.

Data on the wild boar registration localities in the Rus-
sian Federation were obtained from the database ‘Mam-
mals of Russia’ (Lissovsky et al. 2018, Mammals of Rus-
sia 2017-2020), where, in turn, such data were transferred
both from the VNIIOZ ‘harvest’ service archives and from
various zoological museums and from observations by zo-
ologists and amateurs confirmed by photos, etc. In total, at
the initial stage, we collected 938 registration localities in
the Russian Federation (Sluzhba urozhaia 2020). The com-
plete observation dataset contained spatial aggregations.
Therefore, we filtered the initial dataset, selecting one ob-

Occurrence data VNIIOZ
http://rusmam.ru/ long-term monitoring
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Species distribution Wild Boar number
modeling(maxent) per Federation Subject

Summarised suitability l
per Federation Subject

———> Linear regression

Figure 1. Scheme of the methods used in the study
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servation locality per 50 x 50-km square. The resulting da-
taset, which was used in the further analysis, contained 496
observations (Figure 1s).

We additionally invoked the data on meetings of dif-
ferent Cervidae species (4lces, Cervus, Capreolus) total-
ling 2,210 localities of wild boar and deer. Based on this
data, we created a spatial layer (a bias file) that described
the territory exploration in terms of the composition of un-
gulates. For this purpose, the territory of the Russian Fed-
eration was assigned the value 1, and the 5-km circumfer-
ence buffer around each of the localities the value 10.

The spatial frame of the analysis included a grid of
2-km resolution in the Mollweide equidistant projection.
We used 86 environmental variables: WorldClim 19 ‘bi-
oclimatic’ variables (Hijmans et al. 2005; WorldClim
2020), altitude, slope curvature and steepness, snow depth
(Brown and Brasnett 2010) and 63 MODIS generalised av-
erage monthly data layers (nine months of 2004 per seven
spectral bands; UMIACS 2020) as model predictors. We
did not remove correlations among environmental varia-
bles, since MaxEnt has robust internal algorithms of fea-
ture selection (Elith et al. 2011). Modelling was performed
in MaxEnt, version 3.4.1 (Phillips et al. 2018). We used
default values for feature types, raw output and 5000 it-
erations (the run converged after 800 iterations) and the
bias file as described above. Regularisation multipliers
of 0.5, 1 and 5 were selected to check different levels of
model complexity. Additionally, we repeated the analysis
50 times (subsampling), randomly removing 20% of train-
ing sample each time to evaluate the model spatial stability.

Given that the species distribution boundary is gen-
erally a complex multifactor function, including time and
population density, it is not easy to show such a boundary
in a picture. For a species, some populations of which are
supported by special human activities, this is even more
difficult to do. To give a general idea of the location of the
wild boar population attenuation zone in geographic space,
without using of any arbitrary information thresholds, we
used the following approach. We highlighted on the map a
zone located between two threshold values that were sen-
sible (Liu et al. 2013) and often markedly different in their
value: 10 percentile training presence and maximum train-
ing sensitivity plus specificity.

To assess the correlation between the wild boar hab-
itat suitability (capacity) and abundance, we had to use
aggregate values per federation member of the Russian
Federation, as the VNIIOZ statistics are recorded at this
level. Here, we faced two methodological peculiarities:
1) Simple summarising of all habitat suitability raster cells
values by federation member led to a noticeable bias in the
results. As the MaxEnt result corresponds to relative, rather
than absolute, suitability, the zero position being unknown
(Guillera-Arroita et al. 2015), the raster cells included a
very small value, even in the far-north regions. However,
summing these values by very large regions gave the total
suitability, which was markedly different from zero. There-
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fore, we subtracted a small value (0.0001, which was ob-
viously lower than any value in the wild boar distribution
range) from all the raster cells. Varying this value did not
change the correlation analysis result; 2) The habitat capac-
ity corresponds to a certain equilibrium number of animals
that can support life in the given territory. However, with-
out having a clear idea of the wild boar number dynam-
ics, it was not possible to determine this equilibrium state;
therefore, we used the maximum long-term abundance as a
reflection of one of the population dynamics phases. A sim-
ilar approach has been used earlier (Acevedo et al. 2019).
The linear regression was calculated using STATISTICA
software package, version 13.0 (Dell 2015) based on two
datasets: including all federation members of the Russian
Federation and excluding outlier members (see Results).

As we compared the habitat capacity with the VNIIOZ
forecast data rather than with real figures, a reference point
to verify the reliability of the VNIIOZ estimates was lack-
ing. For this purpose, we used long-term data on wild boar
numbers based on winter census data (winter route census-
es and censuses in feeding grounds) in 11 hunting grounds
within the European part of Russia, which we believe to be
reliable. Linear regression was built up in a similar way for
the maximum abundance of wild boar in hunting grounds
and the overall capacity of the same hunting grounds.

Description of the VNIIOZ method (Glushkov et al.
2007)

The basis of the long-term monitoring conducted by
VNIIOZ is the survey method involving voluntary regular
hunter-respondents, dating back to 1935. Questionnaires
adapted to the regions are sent to respondents twice a year.
As a result, data is accumulated covering the species abun-
dance, the availability of feed in hunting grounds, animal
migrations, deaths and diseases, hunting, reproduction suc-
cess and other indicators. It is assumed that the estimates
provided by private respondents do not depend on the eco-
nomic and political situation in the relevant hunting ground.

The animal species abundance is evaluated on
the following scale: ‘few’, ‘medium’ and ‘many’ with-
in the area monitored by each respondent. Long-term
datasets and many respondents within each region al-
low assessment of the relative abundance dynamics
in the regions. There is no doubt that this informa-
tion does not allow for the quantification of resources,
which is necessary for their sustainable management.

The emergence of the state hunting census system
in the 1950s and regular publication of census results for
many mammal game species in absolute terms facilitated
comparison of the series of two indicators (the relative
VNIIOZ data abundance and the absolute abundance fig-
ures) and finding a relationship between them. Based on
various data on absolute wild boar abundance from 1995
to 2003, individual conversion coefficients have been de-
veloped for each federation member of the Russian Federa-
tion (Glushkov et al. 2007). To calculate these coefficients,
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graphs of linear regression equations were built for each
region, where the abscissa was the relative score according
to the ‘harvest’ service data, and the ordinate was informa-
tion on the number of animals taken from various sources.
For each case, in addition to linear function parameters (the
slope ratio and the free term), the determination coefficient
(R?) was calculated. The threshold, after which the linear
function was considered successful, was R? equal to 0.7.
If R? was less than 0.7, no linear function was used; rath-
er, the score ‘value’ was calculated (as the product of the
average number of wild boars for a certain period and the
average value of one score in the same year). Therefore,
it was possible to directly recalculate scores in a resource
indicator. After 2003, census data have no longer been used
for resource calculation, and abundance datasets were cal-
culated based only on the average scores from respondents
together with regional conversion factors. Accordingly,
data on the wild boar census before 2001 was obtained by
retrospective calculations using conversion coefficients.

Results

The wild boar resource dynamics in Russia based on
the VNIIOZ data and comparison to the FGBU Tsentr Ok-
hot Kontrol data for the period 1994 to 2019 are shown in
Figure 2. The wild boar resources are distributed within the
national territory in a relatively irregular manner (Table 1).

The spatial structure of wild boar suitable habitats is
shown in Figure 3. Habitat suitability is probably under-
estimated for the Omsk, Novosibirsk, Kemerovo and Ir-
kutsk regions, the republics of Tuva and Khakassia and the
Transbaikal Territory.

Comparison of environmental capacity and the
VNIIOZ wild boar resource estimates by region showed
that, in some regions, the number of wild boars is clear-
ly inconsistent with the general trend (figure not shown).
Thus, in Karelia, the Arkhangelsk and Vologda regions and
the Perm Territory (the northern border of the species dis-
tribution in the European part), the environmental capacity
far exceeded the predicted wild boar resources. In contrast,
in the Amur Region, the Khabarovsk Territory and the
Transbaikal Territory (the northern distribution boundary

Number, thousand individuals
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Figure 2. Dynamics of wild boar resources in Russia

Note: Solid line represents data of the FGBU Tsentr Okhot Kontrol
(2013—2017). Dotted line represents data of Russian Research Institute
for Game Management and Fur Farming
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Table 1. Population dynamics of Area 2015 2016 2017 2018 2019
wild boar in Russia over the last The North-West of European Russia 36.21 29.38 27.77 20.92 18.67
5 years (thous. animals) Central Russia 71.15 4557 40.43 25.63 22.25
Volga region 74.62 65.9 54.33 47.10 45.83
The South of European Russia 12.15 7.32 7.47 7.52 9.25
Northern Caucasus 3.05 4.80 4.36 4.97 6.61
Ural 38.45 41.4 39.2 42.62 40.52
Note: Population dynamics of wild SiPeria 37.45 446 5133 51.71 49.50
boar in Russian regions during 1994— Russian Far East 43.8 50.85 54.15 57.35 57.65
2019 (thous. animals) Russia (in total) 316.88 289.82 279.04 257.82 250.28

Figure 3. Spatial distribution of wild boar habitat suitability according to the species distribution model, calculated in MaxEnt
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Note: Colours from blue to red (in the direction of increasing habitat suitability) code habitat suitability values; grey colour indicates the ‘border’ of
wild boar distribution areas, namely the area situated between two MaxEnt threshold values: 10 percentile training presence and maximum training
sensitivity plus specificity.

Figure 4. Distribution of federation members of the Russian Federation in the space of total wild boar habitat suitability, calculated
from the species distribution model, and maximum long-term abundance of wild boar according to the VNIIOZ estimates
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in the east), the predicted resources exceeded the capaci-
ty many times. Assuming that these deviations are due to
errors in collecting information for these regions, we ex-
cluded them from the linear model calculations. We also
excluded the Primorsky Territory, where both the capacity
and the predicted resources exceeded the same indicators
for other regions by 2—-3 times or more; therefore, an error
in the predicted resource value for the Primorsky Territory
would have a stronger effect on the line slope than other
localities. As a result, the correlation coefficient of the en-
vironmental capacity and the predicted wild boar resources
by region was 0.72 (Figure 4); regression line was maxi-
mum abundance = 2.515 + 4.928 X habitat suitability.

In the analysis of 11 hunting grounds, the correlation
factor was 0.78. The slope of the two regression lines was the
same, but the intercepts of the linear functions were different
(Figure 4). The regression based on the VNIIOZ forecast
data overestimates the number of wild boars by 2.5 thou-
sand compared to the regression based on hunting-ground
records. It should be noted that, although the wild boar
abundance in the Primorsky Territory was excluded from
the calculations, it exactly matched the regression line.

Varying the model complexity did not change the corre-
lation notably; however, the greater correlation correspond-
ed to more complex models. The standard deviation of val-
uesin eachraster cell after 50 runs was highly correlated with
the corresponding model values (R = 0.87) indicating equal
model stability in different geographic parts of the model.

Discussion

In general, spatial structure of wild boar suitable hab-
itats (Figure 3) obtained in our study is consistent with our
expert opinion and previous publications (Danilkin 2002,
Smirnov 2014, Danilov 2017) on the wild boar distribu-
tion in Russia. Wild boar resource estimates by VNIIOZ
have similar dynamics with the FGBU Tsentr Okhot Kon-
trol figures, however difference in numbers is notable
(Figure 1). The most probable reason for such difference
lies in the way of collection of the ‘official’ (FGBU Tsentr
Okhot Kontrol) statistics. Pursuant to Order No. 344 dat-
ed September 6, 2010 (MinPrirody Rossii 2010), hunting
grounds should submit data on the number and distribution
of hunting resources to the competent authority. Then, data
collected in individual hunting grounds are summarised in
a consistent manner at the level of administrative districts,
the federation members and federal districts. As a result,
we get an official evaluation of species resources nation-
wide.

Different methods are used for monitoring wild boar
groups. Pursuant to Order No. 963 dated December 22,
2011 (MinPrirody Rossii 2011), activities ‘for counting
of the number and distribution of wildlife items’ shall be
carried out in accordance with ‘accepted methods’, and,
by default, in accordance with the existing scientific ap-
proaches. Generally, wild boar is counted using the meth-
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od approved at the governmental level: the winter route
census method (MinPrirody Rossii 2012). Nevertheless, in
the southern regions of the country, where the snow cov-
er is unstable, such a winter route census is impossible;
therefore, animals are counted at feeding grounds and in
localities of concentration, as well as by the drive census
(Glushkov et al. 2007). It is essential to remember that
there is no perfect census technique; each of such methods,
along with positive aspects, has its drawbacks, leading to
bias in the final result (Glushkov et al. 2007, Keuling et
al. 2018b). Besides, census methods are subject to period-
ic changes. This complicates comparison of the results of
long-term datasets and data obtained from geographically
remote regions, affecting the final quality of information
about the census dynamics.

Therefore, currently available the FGBU Tsentr Ok-
hot Kontrol data about the wild boar resource distribution
within the Russian territory are based on the use of hetero-
geneous methods and depend completely on the managers
of hunting grounds, who can be interested in increasing or
decreasing such numbers according to the situation. There
is no independent audit of these figures.

Our model (Figure 3) allows, for the first time, intro-
duction of a spatial structure of suitable habitats into the
calculations of the regional wild boar abundance in Russia.
This is an important methodological aspect, which should
eventually increase the accuracy of population indicator
calculations, as required for game management. However,
our results reveal many methodological issues that should
be resolved in the future. Strengthening the correlation be-
tween the habitat capacity and the wild boar abundance in
more complex models (reducing the weight of general eco-
logical pattern and increasing the weight of local patterns)
reflects the regional specifics in the distribution of resourc-
es of this species. The regional specifics is also likely to be
reflected in the relatively low habitat suitability in south-
ern Siberia (Figure 3), where we had relatively poor data
(Figure 1s); in other words, the ecological pattern found in
the data-rich regions did not fully reflect the interpolated
habitat suitability in southern Siberia. In order to study and
strengthen regional specifics, we should collect additional
data on the wild boar distribution in poorly explored are-
as, especially in Siberia and the Amur River region, which
would allow us to build and compare independent models
for different parts of the distribution range.

The ‘bordering’ wild boar distribution area is interest-
ing and requires further study (Figure 3). On the one hand,
it is intuitively clear that each species should have an area
of suboptimal natural conditions, where it does not live
permanently, entering therein from adjacent, more suitable
territories or where it forms minimal population densities
(Danilkin 2002, Kulpin 2008, Rosvold et al. 2008, Markov
et al. 2019). On the other hand, when collecting informa-
tion about wild boar habitats it was unknown which popu-
lations survived only due to special biotechnical measures.
Therefore, our data sample most likely included localities
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lying beyond the natural wild boar distribution (some ob-
vious examples are shown in Figure 1s). Such localities
should affect the threshold value as calculated based on
original data sample characteristics (10 percentile train-
ing presence). Without special research, it is impossible
to distinguish between the natural distribution localities
and those of artificially created populations (Pavlov 1999,
Danilkin 2002, Danilov 2017, Markov et al. 2019).

The coincidence of the slope of the regression lines
as calculated using the direct counting results in hunting
grounds and from the VNIIOZ estimates (Figure 4) allows
us to state both the appropriate quality of the VNIIOZ
estimates and the general success of habitat suitability
modelling (Bosch et al. 2012, Acevedo et al. 2019, 2020).
Nevertheless, a correlation factor of 0.7 suggests a notable
variation in the ratios of habitat capacity and abundance in
different regions. The reasons for such deviations from the
single trend may be different. On the one hand, they may
be due to imperfections of the model itself. As described
above, the model may lack regional specificity, whereas
environmental preferences of wild boar in the European
part of Russia may differ from those in Siberia. Such hy-
pothesis agrees with recent findings in taxonomic structure
in wild boar (Keuling et al. 2018a). Another reason for such
mismatch between habitat capacity and abundance may be
proactive biotechnological activities aimed at maintaining
the wild boar population at a level that allows for its inten-
sive economic use. A change in the intensity of such local
activities can result in a change in the respondents’ scores,
such changes being unrelated to the trends existing in the
rest of the population. Another possible reason is the une-
venness of the respondent network, which could distort the
correction coefficient (see Methods) due to an erroneous
identification of the territory inhabited by the wild boar.
Moreover, the habitat suitability in the localities of differ-
ent respondent observations is not considered at present.
Therefore, changes in abundance in optimal and subopti-
mal habitats are assigned an equal weight.

It is of interest that the VNIIOZ evaluations overesti-
mate the wild boar abundance by approximately 2.5 thou-
sand animals compared to the direct counting results in
hunting grounds (Figure 4). This is hardly likely to be re-
lated to the different structure of the source data, as the
maximum values of long-term series of figures were used
in both cases. Perhaps this bias is caused by differences in
the sizes of the studied territories, which result in different
proportions of edge pixels (which then distort the total hab-
itat suitability of the territorial unit in question to varying
degrees) or by another calculation specificity.

To further improve the VNIIOZ forecast system, we
need to understand the reasons for notable deviations in the
wild boar resource assessment in some regions (Karelia, the
Khabarovsk Territory, etc., see Results). It is impossible to
know this accurately without additional research; however,
as a working hypothesis, we can assume that the bias in
numbers is due to underestimation (in Karelia, the Arkhan-
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gelsk Region, the Perm Territory and the Vologda Region)
or overestimation (in the Amur Region, the Khabarovsk
Region and the Transbaikal Territory) of the area inhabited
by wild boar in the regions where the ‘species distribution
boundary’ takes place. In this case, there may have been
an initial error in calculating the correction coefficients
for these regions (see Methods). An alternative hypothesis
suggests local distortions of our model. In any case, every
hypothesis should be validated by additional field studies.

In summary, it should be noted that the VNIIOZ
forecast data on the regional abundance match well the
distribution of suitable wild boar habitats, with some in-
dividual exceptions. To improve the abundance forecast
by VNIIOZ, we recommend increasing the collection of
data in Siberia and the Amur River region. In addition, it is
desirable to consider habitat suitability when recalculating
scores from regional respondents.
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Figure 1s. Spatial distribution of wild boar observation localities (yellow dots) used in this study
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Note: Species distribution model (see Methods and Results) is used as a basic map layer.
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