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Analysis of wild boar (Sus scrofa L., 1758) distribution in Northeast
of European Russia: A quantitative approach

Nickolai I. Markov, Nickolai D. Neifeld & Lyman L. McDonald

ABSTRACT. Analysis of a species’ distribution pattern in the marginal part of its geographic range is
usually performed on a qualitative level. At the same time, quantitative estimation of area of occupancy
could be of great importance for distinguishing the sites inhabited by the species from those where it is
“occasionally” found. For large mammals in areas of current or recent expansion an analysis of the
distribution patterns is especially complicated by high mobility of the animals, lack of data about habitat
preferences and, consequently, the impossibility of using the assumptions of “closed-population models”
for estimating area of occupancy. In this study we report a retrospective quantitative analysis of wild boar
distribution in one of the areas of European Northeast Russia based on records of occasional detections for
the period 1984—1999. Indices of “minimum site occupancy” and “constancy of species’ presence” (the
proportion of years, when the species has been recorded within the study area) were used for estimation of
species “extent of presence” for the whole study area and distinct parts of it. The wild boar is “vagrant” or
not present in most areas situated close to the Ural Mountains. In the plains areas, the species has at least
“visitor” status. Thus, only about 50% of the study area could be treated as part of wild boar geographic
range. The quantitative method developed allows estimation of the species’ status within a study area and
avoids biases in analysis of resource selection by excluding the territories where it is “occasional” or
“vagrant”.

KEY WORDS: wild boar, taiga, distribution, site occupancy, constancy of presence.

Nickolai I. Markov [nimarkov@ipae.uran.ruf, Institute of Plant and Animal Ecology, Urals Branch of Russian
Academy of Sciences, 8 Marta 202, Ekaterinburg 620144, Russia; Nickolai D. Neifeld, Pechoro-Ilychsky State
Biosphere Nature Reserve, Yaksha, Troitsko-Pechorskii region, Komi Republic 169436, Russia; Lyman L. Mc-
Donald, Western EcoSystems Technology, Inc., 2003 Central Avenue, Cheyenne, Wyoming, USA.

AHanus pacnpocTtpaHeHus kabaHa (Sus scrofa L., 1758) Ha ceBepo-
BocTOoke EBponenckoun yactum Poccun: KonumyectBeHHbIN noaxon

H.U. MapkoB, H.B. Hendenbpa, J1.J1. MakgoHanpg

PE3IOME. Ananu3 pacnpocTpaHeHUs BUAa Ha Tepudeprun apeana oOBIYHO MPOBOIAT B KaUECTBEHHBIX
TepMHUHaX. B TO ke Bpemsi, KOJIMYECTBEHHAs! XapaKTEpPUCTHKA 00JIACTH PACHPOCTPAHEHUS! BUJIA MOXKET
UMETh OOJIBIIOE 3HAYCHUE /ISl Pa3eeHUs] YCTOHYMBO 3aCENICHHBIX yYacTKOB M PAlOHOB “OTAEIBHBIX
Berpeu”. st KpynHBIX MJIEKONMTAIOIIMX B pailoHaX HEJNABHEW SKCIIAHCHUU aHAIM3 3aKOHOMEPHOCTEH
MIPOCTPAHCTBEHHOTO PACHPEACICHHS OCIOXKHSICTCS BBICOKON TTOJBMKHOCTBIO XKMBOTHBIX, OTCYTCTBHEM
JTAHHBIX O OMOTOMMWYECKUX MPEINOYTEHUSAX U, KaK CIEACTBUE, HEBO3ZMOXKHOCTBIO MPUMEHEHHS MOJIEIH
“3aKpBITOH MOMYJISIUUK” AJsl KOJIMYECTBEHHON XapaKTepUCTHKH O0JIAaCTH paclpocTpaHeHus. B Haieit
paboTe MBI NPUBOJMM DPE3yJbTAaThl KOJMYECTBEHHOIO aHAJIM3a PAacIpOCTPAaHEHUs] KabaHa B OJHOM M3
paiioHOB eBponeickoro ceBepo-BocToka Poccun, OCHOBaHHOTO Ha IAaHHBIX O CIIy4aifHBIX BCTpEYax BHUJIA B
nepuo 1984—1999 rr. [lns xapakTepuCTUKH “‘CTENEHH IPUCYTCTBUS BUAA B LIEJIOM Ul pailoHa HUCCIEN0-
BaHMS U OT/EJIBHBIX €0 YacTeH ObUIN MCIOIb30BAHBI HHAEKCH “MHUHUMAIBHON JOJIN 3aCEICHHBIX y4acT-
KOB” 1 “IIOCTOSTHCTBA NMPHUCYTCTBHA BUAA . J{nknii kabaH UMeN CTaTycC “CilydaifHOro” BHa WIIH OTCYTCTBO-
BaJ B OOJIBIIMHCTBE Y4acTKOB, PACIIOJIOKEHHBIX BOJIM3KM YpanbCKux rop. B paBHHHHOI yacTu paiioHa
HCCIIeZIOBAaHUI BU UMEIN CTAaTyC Kak MUHUMYM “peryispHO BcTpedaromerocs’”. TakuM o0pa3oM, TOIBKO
oxoso 50% paiioHa HCCIIeIOBaHUI MOXKHO OTHECTH K apeaiy BHJA. Pa3pabGoTaHHBIN MOAXO]] MO3BOJISET
MIPOBOANTH KOJMYECTBCHHYIO OIIEHKY CTaTyca BHAA B Ipeeiax paiioHa MCCIEMOBAHUM M TO3BOJISIET
n30exaTh OMMOOK MPU OLIEHKE OMOTONMMYECKHUX MPEANOYTCHAH BU/IA ITyTEM HUCKIIIOUEHHSI U3 pacCMOTpe-
HHS 30HBI “OTIENBHBIX 3aX0I0B”.

KJIFOUEBBIE CJIOBA: kabaHn, Taiira, pacupocTpaHeHHe, 3aceJIeHUE Yy4YacTKOB, IMOCTOSIHCTBO IMPUCYT-
CTBUS BH/JA.
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Introduction

The size of the distribution area is an important
parameter describing a species on the evolutional scale
(Brown, 1984). The pattern of distribution indicates, in
particular, the spectrum of habitats that could be used
by the species and the adaptation to those habitats
(Swihart et al., 2003). However, drawing the boundary
of the distribution area is difficult, mainly because in
the periphery of a species’ range, individuals are “rare.”
Researchers typically face very fragmented data on the
periphery concerning the pattern of occurrence and
abundance of the species. The situation is especially
complicated when a strong trend for expansion of the
species’ range has been reported (Hanski, 1999). This
is, particularly, the case of wild boar Sus scrofa in the
taiga zone of the Northeast of European Russia.

Wild boar expansion to the taiga zone has been
reported since the 1940s (Fadeev, 1987). Supposedly,
the main reasons for this expansion were: growth of the
species’ population in the broad-leaf forest zone, par-
ticularly in Byelorussia and the Baltic states (Rusakov
& Timofeeva, 1984), a series of releases of wild boar in
central Russia (Pavlov et al., 1974), and alteration of
natural communities by man (Fadeev, 1987). Wild boar
started settling the Northeast of European Russia (Komi
Republic) in about 1972 (Neifeld, 1998). The species
has been detected in all parts of the region, however
only a portion is treated as constantly inhabited by the
species (Markov et al., 2004). Proper description of
wild boar distribution in European Northeast Russia
requires search for the areas actually inhabited by the
species within this region, i.e. an analysis of the spe-
cies’ “area of occupancy” (Gaston, 1991).

A common measure of area of occupancy is “site
occupancy”, the number of occupied units of a grid
placed over a map of the region of interest (Gaston,
1991 and references therein). Application of this ap-
proach to the estimation of the wild boar’s area of
occupancy close to its northern distribution line is com-
plicated by two factors. First, labor and material costs
of data collection is high (e.g., random sampling of
territory is extremely expensive) and standardization of
sampling effort over seasons and years is difficult. In
our case, occasional records of detection of wild boar
were the only sources of information about the species’
distribution and abundance within the study area. Sec-
ond, there was no standardized statistical protocol for
data collection. A new and popular method for estima-
tion of site occupancy is based on the assumptions of
“closed-population models” (MacKenzie et al., 2002).
Unfortunately, these assumptions are not applicable for
many large mammal populations, especially in a recent-
ly colonized area (Hanski, 1999; Pollock et al., 2002).

Thus the quantitative analysis of wild boar distribu-
tion and status in the periphery of its range required an
adaptation of existing approaches for estimation of the
species’ area of occupancy (Gaston, 1991; Hanski, 1999)
using data on occasional records of the species close to
the range border. The methods we develop and apply
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would be fully applicable if the occasional records were
the result of sampling sessions with the effort random-
ized over space and seasons but not over years. Unfor-
tunately, this assumption is never totally satisfied in a
retrospective analysis of occasional records, but analy-
sis under this assumption is probably the best that can
be done with existing data. The species records ob-
tained during such “sampling sessions” were mapped
and we calculated the proportion of territorial units
where animals were found. The proportion of “occu-
pied” territorial units could not be used as a measure of
species abundance because large mammals are able to
move rather big distances and one individual or group
could be recorded in several sites. However, the pro-
portion could be treated as the estimated probability of
detecting the species during the study period with a
random search. Since in some sites animals could be
present but not detected it is reasonable to treat this
index as the estimated minimum probability of record-
ing the species during the study period with a random
search.

We examined whether using this index as a measure
of species presence could provide reasonable informa-
tion about the status of wild boar in the study area and
distinct parts of it. We addressed the problems of deter-
mining an appropriate spatial scale for the analysis of
data on occasional records, quantitative estimation of
spatial and temporal patterns of species’ “extent of
presence” and interpretation of the data in terms of
qualitative definitions of species status, particularly
those, recommended by IUCN (2003).

Study area

The area of the Troitsko-Pechorskii administrative
district is approximately 40700 km?, however to obtain
a rectangular study area we extracted from the map a
little bigger piece of territory which is about 47000
km?. It is situated in the south-eastern part of Komi
Republic, approximately between 61° and 63° N. (Fig.
1A). Topographically it is naturally divided into plains,
foothills and mountainous parts. In the east it is bor-
dered by the Ural Mountains (highest altitude in this
area is 1617 m). Typical landscape of the plains and
foothills zones of the western part of the region is
uplands (parma). Annual precipitation in the moun-
tains typically ranges from 700 to 800 mm, while in the
foothills, annual precipitation decreases to about 500
mm. The average depth of snow at the end of winter is
about 80 cm. Average temperature of January is typi-
cally from 18 to 20° C below zero. Lowest tempera-
tures reach 50 to 53° C below zero. The average July
temperatures are 14.5 to 17°C (Olenev, 1965). Human
population density is estimated at 0.4 persons/km? and
the estimated density of roads is 6 km/1000 km?. About
81% of the district is covered by forests, mainly black
spruce (64% of the forested arca). The agricultural
areas cover only an estimated 9.7 % of the territory and
are primarily dedicated to producing forage for live-
stock.
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Figure 1. Geographical position and map of the study area. A. European Northeast Russia. Dotted line indicates the position
of the study area within the region; I — territory of the Komi Republic, II — Arkhangelsk Province, III — Tyumen Province,
IV — Sverdlovsk Province, V — Perm Province, and VI — Kirov Province. B. Topographic map and position of subareas

within the study area.

Methods

The main source of data was information on wild
boar records from the database of Pechoro-Ilychsky
Nature Reserve for the period from 1984 to 1999.
During this time, the Troitsko-Pechorsky administra-
tive district was monitored during all months of the year
by research personnel of the nature reserve, forest ser-
vice, and game management service. They collected
data by themselves and used also the information pre-
sented by game management law enforcement officers.
In addition to these data, an interrogation survey was
carried out in 1999-2000. Hunters, foresters, rangers
and other people living in rural areas were asked to
answer the questionnaire. In total we obtained 78 records
of wild boar within the study area for the 15 year
period. Each record included the year and location of
direct observation of wild boar(s) or signs of their
presence (e.g., footprints or rootings). Most included
the date (month) of observation and a few included sex
and age of the observed individuals and habitat type
where animals (or signs of their presence) were found.

The reported locations of wild boar were mapped as
points on a topographic map (1:500000) for each year
within the period under consideration (1984—1999).
Given the map scale, locations less than 0.5 cm from

each other were mapped as one point. These points
were then used as indicators of species presence for a
given area and time interval (year).

Selection of spatial scale. Estimation of spatial
scale for description of wild boar distribution in the
study area required selection of the size of grid for the
analysis of site occupancy. We required two condi-
tions, the grid size has to be fine enough to avoid
overestimation of the occupied area and big enough to
provide maximum possible information of two differ-
ent locations. We required the grid size to be the one
which provides not more than one location per territori-
al unit. We searched for this unit size by dividing the
map consequently into 2, 4, 8 etc. equal parts and
relating the number of records to the number of “occu-
pied” grid cells. We stopped when this value was equal
to 1 and calculated the size of grid at this stage by
measuring it in centimeters and then recalculating the
distance in km using the scale of map (1 cm to 5 km).
We also counted the number of units of this size within
the study area. This search has been performed for each
year in our time series of data.

Estimation of site occupancy. We treated a unit as
being sampled annually if a human settlement was situ-
ated within it or in one of the neighboring units (units
were defined to be neighbors if they share a side) or if it
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Figure 2. Dynamics of the proportion of average occupied territorial units (1) and average number of records per occupied unit

(2) versus the unit size.

was visited regularly by nature reserve personnel. We
calculated the index of site occupancy by dividing the
number of occupied units by the total number of sam-
pled units (Manly et al., 2002). The number of occu-
pied sites obtained from mapping the locations of the
wild boar records was treated as the minimum number
of occupied units because the animal could have been
present but not detected. Thus, we computed the mini-
mum site occupancy (MSO),

MSO=U /U,

where U, is a number of occupied sites and U is the
number of sampled units within the area under consid-
eration.

Estimation of temporal patterns of species pres-
ence. The constancy of species presence in the study
area or part of it (CP) was estimated by:

CP=Y /Y,

where Y, is the number of years in which wild boars
have been detected within the given sub-area and Y is
the total period under consideration (1984-1999, 15
years).

Analysis of spatial dynamics of wild boar distri-
bution and status. In order to analyze the possible
spatial dynamics of wild boar distribution and status,
the whole study area has been divided into eight equal
parts (NNW, NNE, NW, NE, SW, SE, SSW and SSE)
(Fig. 1B) to take into account possible latitudinal and
altitudinal variation of the species occurrence. The east-
ern parts included mainly the territory of Pechoro-
Ilychsky nature reserve, where few human settlements

exist, while the western part of the study area is more or
less highly populated. This likely resulted in strong
differences in sampling effort, however we found no
significant correlation between the number of sampled
sites and the number of records in these sub-areas (n=8,
R Spearman =0.44, p=0.28). Minimum site occupancy
and constancy of species presence were calculated for
each part of the study area as described above. We used
the Mann-Whitney test (Ledermann, 1989) to examine
differences in this parameter between the different parts
of the study area, because the distributions departed
from normality.

In order to estimate the spatial dynamics of wild
boar distribution and status we performed two types of
cluster analysis. In cluster analysis 1, the sub-areas
were classified basing on the matrix of “raw” values of
MSO estimated for each year and each subarea. In
cluster analysis 2, CP indexes and the average values of
MSO were used as distance measures between subar-
eas. In both cluster analyses, UPGMA was used as an
amalgamation (linkage) rule and single Euclidian dis-
tances were used as a distance measures (Sneath &
Sokal, 1963).

Results

Fig. 2 shows the change in proportion of occupied
units (line 1) and number of records per occupied unit
(line 2), averaged for the total period of observations
and plotted versus the unit size. The number of records
per unit reaches the value of 1 when the unit size is
equal to 180 km? (12x15 km). Following our method,
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Table 1. Minimum site occupancy (MSO, averages and
their standard errors, SE) and constancy of presence (CP)
of wild boar in different parts of Troitsko-Pechorsky Dis-

trict (Northeast of European Russia).

Subareas Average MSO SE CP

NNE 0.022 0.012 0.133
NW 0.025 0.008 0.533
NE 0.014 0.007 0.267
SW 0.071 0.011 0.933
SE 0.025 0.006 0.533
SSW 0.026 0.008 0.533

we accepted units of size 180 km? to be the spatial scale
for the analysis. The total area under consideration
contained 256 units of this size and each of 8 subareas
included 32.

Minimum site occupancy averaged 0.019 for the
total study area and the period 1984-1999. Thus, a
search of 1000 sites of size 12x15 km, during the study
period would be expected to reveal presence of wild
boar in only 19 of them. This index reached its maxi-
mum (0.057) in 1987 and minimal site occupancy (0.004;
only one record) in 1993.

Estimates of average site occupancy and CP index-
es for 6 subareas are presented in Table 1 (excluding
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NNW and SSE subareas with no records of species).
The most reliable estimates of average MSO have been
obtained for NW, SW, SE and SSW subareas, where
the standard error of means did not exceed 30% of the
means. In the northeastern part of the study area, values
of MSO varied in time with no records in several years,
which determined rather high standard errors of means
and less reliable estimations of the average MSO.

Pairwise comparison of MSO values for the § the
subareas indicated that only the southwestern subarea
differed significantly from all the others. The average
values of minimum site occupancy in NNE, NE and SE
subareas did not differ significantly from those in the
NW and SSW subareas where wild boars were regular-
ly reported, nor from NNW and SSE subareas where no
wild boar records were made.

Cluster analysis 1 of the annual MSO values forthe 8
subareas indicated a gradual change of this index. This
result did not contribute much to estimation of species
status in the study area. Cluster analysis 2 was made
using two measures: the average MSO, which indicates
the average minimum probability of finding wild boar
during one random search using the retrospective meth-
ods, and CP, which indicates the minimum probability of
finding evidence of species presence in a time series of
observations. The results of this analysis indicated (Fig.
3) that the subareas could be divided into two groups.
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Figure 3. Dendrogram of subareas based on average minimum site occupancy and constancy of presence of the wild boar.
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Figure 4. Spatial distribution of average minimum site occupancy and constancy of presence for the wild boar in Troitsko-
Pechorsky District. Values are shown for each of the considered subareas.
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The first group consisted of the SW subarea (repre-
sented as a separate unit) joined with the sub-cluster
consisting of the NW, SSW and SE subareas. The sub-
cluster is adjacent to the southwestern subarea in space.
The second group also included two sub-clusters; one of
them linked the NE and NNE subareas together, while
the other consisted of the NNW and SSE subareas.

Fig. 4 gives the spatial position of each cluster and
respective values of constancy of species presence and
average MSO. Generally, both indexes appear to be
lower in the eastern part of the study area. A clear east
to west gradient exits in MSO, while the constancy of
species presence changes gradually from the central
part of the area to its periphery.

Discussion

In our study we used data on occasional records of
wild boar to obtain quantitative estimates of its status in
the study area. The first important part of our analysis
was selection of grid size for estimation of site occu-
pancy as a measure of species presence. We failed to
find formal methods in the literature for selection of an
appropriate spatial scale for the site occupancy analy-
sis. The importance of this topic has been discussed by
Gaston (1991), but in most studies the authors use a
variety grid sizes without adapting those to the exact
species under consideration (e. g. Freitag & van Jaars-
veld, 1997; Silvo et al., 2002). After data analysis and
writing of this paper, we discovered that the steps in our
method for selection of unit size, i.e., the spatial scale at
which to study site occupancy, follow an “optional”
method for efficient kernel estimation of a utilization
distribution (UD), the two dimensional probability den-
sity function of locations of animals based a random
sample of locations (Kern et al., 2003). Estimation of a
utilization distribution is an alternative analysis for
study of site occupancy. We plan to estimate a utiliza-
tion distribution based on our retrospective analysis
and contrast the results to those in this paper.

Our results indicated marked dependence of site
occupancy upon the unit size. Our judgment is that the
selected grid size was, in fact, the finest scale on which
distribution of wild boar should be analyzed, because it
provided not more than 1 record per territorial unit. For
the units of smaller size, species’ detection probability
could be affected by specific habitat structure, while
the territory of 12x15 km was assumed to include at
least one habitat type where animals could be detected
if they are present. It would also be possible to use units
of 30x24 km (360 km?) in our analysis, because the
average number of locations per occupied unit for this
grid size was only slightly bigger than 1. Operating with
units of larger size and, thus extrapolation of a single
location of species presence to territory bigger than 360
km? seemed hardly possible, because such large units
could include both areas inhabited by the wild boar and
those that never were used by the species.

The estimation of minimum site occupancy for the
whole study area indicated that the wild boar is very
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rare in this part of the European Northwest. The esti-
mated average probability of recording the animals, or
signs of their presence, during the time period under
consideration was 0.019. However, the analysis re-
vealed clear differences in minimum site occupancy
and constancy of species presence between eight subar-
eas within the study area. In the following discussion,
we give possible qualitative interpretations of the quan-
titative estimates of MSO and CP, and comparison of
the subareas in terms of wild boar status.

No records of wild boar were made in two sections
of the study area (NNW and SSE) during the 15-year
study period, thus we treat these territories as not inhab-
ited by the species. The SW subarea had the highest
MSO and CP values. Wild boar has been reported in
these territories during the whole period under consid-
eration, except one year. The values of MSO and CP for
northwestern, south-southwestern and southeastern sub-
areas are intermediate between the highest in SW and
extremely low in NE and NNE. However, cluster anal-
ysis clearly linked these areas with SW, but not with the
northeastern ones. In fact, this analysis separated the
areas where the wild boar was “present at least from
time to time” from those where it was “not present or
present irregularly in small numbers”. These defini-
tions coincide, respectively, with the terms “visitor”
and “vagrant”, used by IUCN (2003) for description of
species’ populations on the regional level. Thus, in the
northeastern part of the study area, the species could be
regarded as “vagrant”, while in the northwestern, south-
western, southeastern and south-southwestern parts of
the study area the wild boar had at least “visitor” status.
This allows us to treat these territories as a part of the
species’ range. Generally, the probability of species
presence increased from the east to the west side of the
study area, however there was no clear gradient in the
north-south direction. The west-east gradient of species
status might be explained by strong ecological differ-
ences (e.g., depth of snow and habitat structure) be-
tween the plains, foothills, and mountainous parts of the
study area. On the other hand this gradient could reflect
the general pattern of species expansion over the whole
Northeast of European Russia (Markov et al., 2004).
The differences in species “extent of presence” within
the western part of the study area could probably be
explained by specific of habitat structure, however, we
do not address this problem in this article.

Description of wild boar distribution in the study
area by outlining locations of occasional wild boar
records puts almost the whole territory into the species’
range. Quantitative estimation of species status based
on calculation of the MSO and CP indices demonstrat-
ed that not more than 50% of it should be treated as
inhabited by the wild boar. Thus, we believe quantita-
tive estimation of species status in the study area to be
an important part of the analysis of its area of occupan-
cy. Including areas where the species is vagrant in
resource selection analyses could lead to bias in estima-
tion of habitat preferences and errors in patterns of site
occupancy. We think that further studies of factors that
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affect “presence/absence” patterns and wild boar distri-
bution in areas surrounding Pechoro-Ilychsky Nature
Reserve, should include only the areas where presence
of species cannot be treated as an artifact.
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