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To assess the state of the Panthera tigris altaica (hereinafter — tiger) population, its annual monitoring is being carried
out on 16 sites within its range, as this subspecies is still considered threatened. These sites include state nature
reserves and adjacent territories, which differ in their protection status. In this paper, a number of tiger individuals in
groups and reproduction have been compared on these sites to identify factors that determine these parameters. The
tiger population in the Lazovsky State Nature Reserve (area of 1210 km?) was compared with the tiger population
in an unprotected area (area of 988 km?), which, similarly to the Protected Area, is located on the coast of the Sea
of Japan. A description and comparison of these two sites is given. The study has been carried out in 1997-2021
in the Lazovsky State Nature Reserve, and in 1997-2012 in the unprotected site «Lazovsky District». During the
winter, information was collected about tiger tracks in the study area, and data on predator tracks were collected out
on stationary routes during two field counts. In the Lazovsky State Nature Reserve, the density of routes in various
years was 1.0—1.5 km per 10 km?, 1.2 km per 10 km? in the site «Lazovsky District». Tiger individuals were identified
by the width of paw prints. Tracks differed by more than 2 cm were considered belonging to different individuals.
Indicators of the tiger population was about twice higher in the Lazovsky State Nature Reserve than in the unprotected
site «Lazovsky Districty. In 1997-2012, in both Lazovsky State Nature Reserve and unprotected site «Lazovsky
District», the population density of both adult and subadult tigers was respectively 8.6 & 0.7 individuals per 1000 km?
and 5.3 = 0.5 individuals per 1000 km?, while this parameter was respectively 3.1 + 1.0 individuals per 1000 km? and
1.7 + 0.04 individuals per 1000 km? for tiger cubs younger than a year. The tiger track density in the Lazovsky State
Nature Reserve was 3.03 +0.51 tracks per 100 km, taking into account the time passed after the snowfalls covering all
tracks; on the site «Lazovsky District», this indicator was 1.33 +0.27 tracks per 100 km. In 1997-2012, the population
density of adults and subadults was significantly (F = 59.40, p <0.001) higher in the Lazovsky State Nature Reserve
than on the site «Lazovsky District». The population density of tiger cubs (F = 6.30, p < 0.018) and the track density
(F=4.86, p<0.036) were also significantly higher in the Protected Area than in the unprotected one. The survival rate
of tiger cubs was also higher in the Lazovsky State Nature Reserve. Here, the proportion of tiger litters with one cub
was 16% (n=4), with two cubs 48% (n = 12), with three 32% (n = 8), and with four 4% (n= 1) of the total number. On
the unprotected site «Lazovsky District», the proportion of litters with one cub was 53% (n = 8), with two 27% (n=4),
and with three 20% (n = 3) of the total number. A downward trend in the population density of tiger cubs was found on
the site «Lazovsky District»y. In 2012-2021 in the Lazovsky State Nature Reserve, the average population density was
8.9 + 1.8 individuals per 1000 km? for adult and subadult tigers, and 4.3 + 1.1 individuals per 1000 km? for tiger cubs,
while the average tiger track density was 2.39 £ 0.68 tracks per 100 km. During this period, the population density of
tiger cubs decreased in the Protected Area, and there was also a tendency towards a decrease in the relative number
of adults and subadults. The regular three-year cycle in the dynamics of the tiger track density in the Lazovsky State
Nature Reserve indicates that environmental factors predominantly influence tiger groups here. No regular cycle was
observed on the unprotected site «Lazovsky District». This finding and the lower number of tiger individuals in this
area are associated with the negative impact of related anthropogenic factors, namely poaching, hunting, and logging.
Recreational pressure also affects the tiger groups. In the last decade, the tiger group in the Lazovsky State Nature
Reserve has been exposed to anthropogenic factors from the adjacent area. It is concluded that the further protection
of the tiger and the increase in its number is possible if Protected Areas of various statuses are established, if extensive
buffer zones are created around new and existing Protected Areas, if hunting is prohibited and logging is limited. The
use of agricultural lands for other purposes around Protected Areas should be forbidden.
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Introduction
Panthera tigris (Linnaeus, 1758) is a threatened
species. The fate of this predator, including Panthera
tigris altaica Temmink, 1844 (hereinafter — tiger), rec-
ognised as a vulnerable subspecies in the 2™ edition of
the Red Data Book of the Russian Federation (2021),
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1s being discussed at the highest level. At the Interna-
tional Tiger Summit (Saint-Petersburg, Russia, 2010),
leaders of the countries, inhabited by tigers, made a
commitment to increase their populations (GTRP,
2010). The main tool for making decisions on threat-
ened animals is monitoring their populations.
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The state of the tiger population within the natu-
ral range in the Russian Far East is being determined
using continuous counts of the number of individu-
als of this predator during the winter. However, such
a large-scale study is being carried out approxi-
mately once a decade (e.g. Abramov, 1962; Yuda-
kov & Nikolaev, 1973; Pikunov, 1990; Matyushkin
et al., 1999; Miquelle et al., 2007). That is why it is
necessary to have annual data for revealing trends in
the tiger populations. For this purpose, a programme
and methodology for annual observations was de-
veloped on 16 study sites in the Primorsky Krai and
Khabarovsky Krai. In these regions, observations
have been carried out since the winter of 1997-1998
to the present. The number and size of the account-
ing areas, their location, the count route density, the
timing of surveys, accounting indicators, criteria
for their determination have been determined (see
Matyushkin et al., 1999; Miquelle et al., 2006a,b).
In 2005, the mentioned methodology was approved
by the Ministry of Natural Resources of the Russian
Federation (Order, 2005).

Before 1997, annual censuses and year-round
monitoring of tiger groups were mainly carried out
in state nature reserves (e.g. Zhivotchenko, 1977,
Matyushkin et al., 1981; Poddubnaya & Kova-
lev, 1993; Salkina, 1993, 2011; Smirnov, 1993;
Tkachenko, 1996). Since 1997-1998, in order to
determine anthropogenic factors affecting the ti-
ger population size, the monitoring programme
included also Sikhote-Alin State Nature Reserve,
Lazovsky State Nature Reserve, and Ussuriyskii
State Nature Reserve, as well as adjacent areas,
which had no the protection regime, and called
«unprotected» (Order, 2005).

The largest part of the current range of the tiger
is located in unprotected area (Matyushkin et al.,
1999). Protected Areas are mainly affected by natural
factors, while anthropogenic influence is minimised.
The comparison of the population characteristics of
tiger groups in areas with different protection status
makes it possible to determine the nature of the an-
thropogenic impact on tiger groups in (un)protected
areas. On the other hand, this allows us to assess how
feasible the task of increasing the number of tigers in
the Russian Far East is, announced during the Interna-
tional Tiger Summit (GTRP, 2010).

The comparison of the state of tiger groups and
their prey in areas with various protection status
showed that population indicators in Protected Ar-
eas are significantly higher than in unprotected ar-
eas (Miquelle et al., 2005; Matyukhina et al., 2010;
Salkina & Kolesnikov, 2010; Maslov, 2012; Luk-
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arevskiy et al., 2021). Although the tiger population
monitoring has been carried out since the winter of
1997-1998, there is a lack of publications devoted to
this problem (e.g. Dunishenko, 2006; Miquelle et al.,
2006a; Pikunov et al., 2009; Kostomarov, 2010).

This study was aimed to assess the state of tiger
groups in the Lazovsky State Nature Reserve and
in the adjacent unprotected site «Lazovsky Dis-
trict». For this purpose, the following tasks were
established: determining the abundance indicators
of tiger groups; studying the long-term dynamics
of tiger groups; comparing results obtained in ar-
eas with different protection status.

Material and Methods

Study area

The study has been carried out in the southeast-
ern part of the Sikhote-Alin mountain system. The
Lazovsky State Nature Reserve was established in
1935. It is located in the Lazovsky district of the
Primorsky Krai, in the interfluve of the River Ki-
evka and River Chernaya (Fig. 1). The average alti-
tude is 500—700 m a.s.l., with some peaks reaching
1200-1400 m a.s.l. The total length of the bound-
aries of the Protected Area is 240 km, of which 36
km along the coast of the Sea of Japan. The histori-
cally established boundaries of the Lazovsky State
Nature Reserve are indented with valleys with ag-
ricultural lands protruding into this Protected Area.
Only for a short area the border passes through the
natural relief elements and watercourses, namely
along a high mountain range to the north-east of
the Lazovsky State Nature Reserve, and along the
River Kievka to the southwest of its area.

For implementation of the tiger population
monitoring programme, a site near the Lazovsky
State Nature Reserve was chosen, which was simi-
lar to this Protected Area in terms of tiger habitat
conditions. This site is also located in the Lazovsky
district in the basin of the River Krivaya, a right
tributary of the River Kievka, being located at 40
km of the coast of the Sea of Japan (Fig. 1). The area
of the unprotected site «Lazovsky District» is 988
km?; its borders pass along natural relief elements
and watercourses, namely watersheds and the River
Kievka. The River Kievka valley separates both
study sites (Fig. 1), although it is not an obstacle to
the tiger movements. Previous tracing of tiger tracks
in winter showed that in the Lazovsky State Nature
Reserve, adult males move over an area of 850
km?, while adult females over an area of 300 km?
(Salkina, 1993). The home range of a male includes
home ranges of several females to some extent.
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Fig. 1. The location of the study sites of the Lazovsky State Nature Reserve and the site «Lazovsky District», Far East of Russia.

The relief of the unprotected site «Lazovsky
District» is generally flatter than of the Lazovsky
State Nature Reserve; the average altitude is 400—
500 m a.s.l., where peaks over 1000 m a.s.l. are
located only on boundaries of this site (Fig. 1).
Here, the length of the sea coast is not consider-
ably longer than in the Lazovsky State Nature Re-
serve, but it is more indented by numerous coves.
The site «Lazovsky District» stretches from west
to east, while the Lazovsky State Nature Reserve
in a north-south direction. Thus, the sea influence
is more pronounced on the unprotected area. These
factors affect the snow cover regime, since its thick-
ness and duration of the snow period is less on ma-
rine slopes (Poddubnaya & Kolomiytsev, 2016). In
addition, these factors form more favourable con-
ditions for Cervus nippon Temminck, 1838, which
go to the sea to lick salt and eat algae. In addition,
C. nippon cannot tolerate deep snow (Bromley &
Kucherenko, 1983), and during the winter, its pop-
ulation density is higher on the sea coast compared
to continental areas (Salkina, 2011). Cervus nip-
pon is one of the main prey items for tigers in the
southeast of Sikhote-Alin (Salkina, 2011). Thus, a
more favourable habitat for tigers is expected in
the unprotected site «Lazovsky Districty.

However, the average total population density
of ungulates is 2—3 times higher in the Lazovsky
State Nature Reserve than in the unprotected site
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«Lazovsky District» (Salkina & Kolesnikov, 2010;
Shvetsov et al., 2012). In the Lazovsky State Na-
ture Reserve, the number of ungulate tracks of
< I-day age, found on stationary routes, was 8.10
tracks per 10 km of the route for Sus scrofa Lin-
naeus, 1758, 3.50 tracks per 10 km of the route for
Cervus elaphus Linnaeus, 1758, 2.02 tracks per 10
km of the route for Capreolus capreolus Linnaeus,
1758, and 98.64 tracks per 10 km of the route for
Cervus nippon. On the site «Lazovsky Districty,
this indicator was 1.42 tracks per 10 km of the
route for Sus scrofa, 0.22 tracks per 10 km of the
route for Cervus elaphus, 1.19 tracks per 10 km
of the route for Capreolus capreolus, and 37.11
tracks per 10 km of the route for Cervus nippon
(Shvetsov et al., 2012).

The logging had a significant impact on the
vegetation on the unprotected site «Lazovsky Dis-
trict». It is dominated by young forests that have
been cut down repeatedly and destroyed by fires,
now being restored by pioneer species (Dyukarev
etal., 2003). In the Lazovsky State Nature Reserve,
such secondary forests are found along the periph-
ery, where logging was carried out in 1951-1957,
when the Lazovsky State Nature Reserve was tem-
porarily closed. Conditionally-indigenous forests
grow in the central part of the Lazovsky State Na-
ture Reserve, which have also been influenced by
old cuttings and fires, but they remain their species
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richness and are being restored by trees of primary
forests. There are separate areas of primary undis-
turbed forests (Dyukarev et al., 2003).

During the study, information has been collected
on the population size around the study plots. We took
into account only settlements located at a distance of
up to 30 km from the study plots. There are 14 such
settlements around the Lazovsky State Nature Re-
serve. In 1997, their population was 19 200 people.
On the site «Lazovsky District», there were 17 settle-
ments, where about 170 people lived, including 117
people in the Chistovodnoye village, and others on
farms. At that time, around the site «Lazovsky Dis-
trict» at a 30-km radius, there were 34 settlements
with a population of over 43 000 people lived mainly
in the Partizansky district. Thus, in the unprotected
site «Lazovsky Districty, the anthropogenic load
from adjacent areas should be considerably higher
than in the Lazovsky State Nature Reserve.

In 1997-2012, the site «Lazovsky District»
was included in lands of three hunting societies.
Since the 2000s, numerous hunting bases have
been built around the Lazovsky State Nature Re-
serve, including those in its buffer zone. In the
immediate neighbourhood of the Lazovsky State
Nature Reserve, Glycine max (L.) Merr. and Avena
sativa L. are being cultivated to lure animals out of
the Protected Area, and numerous hunting towers
have been built there (Salkina, 2013).

Data collection and analysis

For this paper, material has been obtained for
tiger groups in the Lazovsky State Nature Reserve
during 1997-2021 and on the unprotected site
«Lazovsky Districty during 1997-2012. Counts of
the tiger have been carried out according to Maty-
ushkin et al. (1999) supplemented by Miquelle et al.
(2006b), and approved by the Ministry of Natural
Resources of the Russian Federation (Order, 2005).
During the winter, information on tiger tracks was
collected on the study sites. Once or twice per win-
ter, stationary routes were passed, on which all tiger
tracks were recorded. The routes were laid out in
places where tigers are most likely to pass, namely
valleys, along roads, and paths (Salkina, 2011). As
a result of the count, the following indicators were
determined: the tiger track density (the number
of tracks per 100 km of the route, divided by the
number of days passed since the last snowfall cov-
ered all tracks), the number/density of the popula-
tion of individual tigers and cubs younger than a
year old (expert assessment). Since the Lazovsky
State Nature Reserve is larger than the unprotected

site «Lazovsky District», the comparison of the ac-
counting indicators has been carried out according
to the population density of independent adults and
cubs of the tiger per 1000 km?.

Individuals were identified by the width of the
imprint of the forepaw pads. For tiger cubs of the
first year old, this size is less than or equal to 7 cm.
Their footprints are often being found next to the
footprints of their mother. The group of independent
tigers includes adult and subadult individuals. The
size of their footprints ranges from 7 cm to 12—13
cm. Subadults are young individuals, which are
older than one year old, often moving independently
(Salkina, 2011), and which footprints do not differ
in size from adult ones (Matyushkin et al., 1999).

Tracks that differ in the width of pads by more
than 1 cm are considered to belong to different
individuals (Order, 2005). However, in fact, such
tracks may belong to the same tigers. Yudin (2010)
concluded that when identifying the ownership of
tracks, it is necessary to apply the criterion of indi-
vidual differences of at least 2 cm. Our observations
have confirmed this, guided by the recommenda-
tions of Yudin (2010). The size of tracks is highly
influenced by such factors as the height and struc-
ture of the snow cover, the exposure and steepness
of the slope, the amount of insolation, and daily
temperature fluctuations. These factors usually lead
to an increase in the size of tracks. We took into ac-
count all these data when determining the number
of tigers in the study sites. In case of the strict ad-
herence to recommendations of the Order (2005),
i.e. when tracks differing in the size by more than 1
cm belong to different individuals, then the number
of tigers will be strongly overestimated.

In the Lazovsky State Nature Reserve, the
study has been carried out from the winter of
1997-1998 to the winter of 2020-2021. Until the
winter of 2014-2015 and in the winter of 2015—
2016, routes passed twice during the winter season,
and once in the remaining study period (Electronic
Supplement). Until the winter of 2014-2015, 11—
12 routes were passed with a total length of 113 km
to 126 km. The average route density was 1 km
per 10 km? From the winter 2014-2015, 15 to 22
routes were passed, with a total length of 129 km
to 204 km. The average route density was 1.5 km
per 10 km? In 2005-2006, all stationary survey
routes in the Lazovsky State Nature Reserve were
measured with a 25-m non-stretching cable; every
200 m, the numbers of the corresponding pick-
ets were painted on trees, and the exact length of
routes was determined.
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On the site «Lazovsky Districty, the study was
carried out from the winter of 1997-1998 to the
winter of 2011-2012, and 10-11 routes passed
through this area with a total length of 101 km
to 148 km (Electronic Supplement). Their aver-
age route density was 1.2 km per 10 km?. Here,
the length of the routes was measured using GPS-
navigators.

When analysing the assessment results, the
value of p < 0.05 was considered statistically
significant. As a rule the distribution of ac-
counting indicators differs from the normal dis-
tribution. The logarithm was used to normalise
data. In the MS Excel 2010 programme, aver-
age values of accounting indicators, confidence
intervals, and they limiting values were calcu-
lated. The standard deviation was calculated
for logarithms of the indicators, since in this
case, standard deviations are a natural measure
of their variability (Williamson, 1972). Regres-
sion equations were built in MS Excel 2010.
To study the linear trends of indicator abun-
dance, natural logarithms of indicator values
were used. In this case, the coefficients of ar-
guments in regression equations reflect the rate
of increase/decrease of the number. The deter-
mination/approximation confidence value (R?)
shows the value of the linear trend (0 — weak
correlation, 1 — strong correlation).

The obtained indicators of the number of ti-
ger groups in the Lazovsky State Nature Reserve
and on the unprotected site «Lazovsky District»
were also analysed using Statistica 10.0 (Statsoft,
USA). The comparison of indicators was carried
out using the F-test in the Anova module; the
one-way ANOVA model was used. The regres-
sion analysis has been carried out in the multiple
regression module; we used the linear regression
model for the calculation of the Pearson correla-
tion coefficient (r).

Results

The use of recommendations of the Ministry
of Natural Resources of the Russian Federation
(Order, 2005) makes it possible to obtain reliable
information on the number of tigers even within
one administrative region. No statistically con-
firmed relationships were found between the tiger
track density and the number of independent ti-
gers (adults and subadults), and between the num-
ber of cubs and the total number of individuals on
both site (Lazovsky State Nature Reserve and site
«Lazovsky District»). At the same time, based on

combined data of both Lazovsky State Nature Re-
serve and the site «Lazovsky Districty», a positive
significant (r = 0.69, p = 0.001) relationship was
found between the tiger track density and the num-
ber of independent tiger individuals. Addition-
ally, an average positive relationship was found
between the tiger track density in the Lazovsky
State Nature Reserve and site «Lazovsky Dis-
trict», although this relationship was not statisti-
cally significant (r = 0.42, p = 0.116). However,
a positive significant relationship was found be-
tween the number of independent individuals on
these study sites (r = 0.52, p = 0.049). Thus, the
selected method is adequate to reach the task es-
tablished in our study.

The comparison of the counted parameters on
two study sites has been carried out over the pe-
riod from the winter of 1997-1998 to the winter
of 2011-2012. The average population density of
independent tiger individuals and the tiger track
density were significantly (p < 0.05) higher in the
Lazovsky State Nature Reserve compared to the
unprotected site «Lazovsky District» (Table). An-
nual values of these indicators were also higher in
the Lazovsky State Nature Reserve (Fig. 2, Fig.
3). In 2012-2021, the average population density
of adults and subadults in the Lazovsky State Na-
ture Reserve slightly increased and amounted to
8.9 + 1.8 individuals.

The average population density of tiger cubs in
the Lasovsky State Nature Reserve was higher (Ta-
ble), although in some years its value was higher
on the unprotected site «Lazovsky District» (Fig.
4a). In the Lazovsky State Nature Reserve, this re-
production rate increased (2% per year), while in
the site «Lazovsky District» it decreased (7% per
year). However, low values of R-squared indicate
a weak correlation of trends with the observed val-
ues, probably due to the large scatter of data. In the
Lazovsky State Nature Reserve, litters with one
cub were 16% (n =4), with two cubs 48% (n=12),
with three cubs 32% (n = 8), and with four cubs 4%
(n = 1) of the total number. On the site «Lazovsky
Districty, litters with one cub counted 53% (n = 8),
with two cubs 27% (n = 4), and with three cubs
20% (n = 3) of the total number.

From winter 2012-2013 to winter 2020-2021,
the average population density of tiger cubs in the
Lazovsky State Nature Reserve was 4.3 + 1.1 indi-
viduals per 1000 km?, a decrease of 12% per year.
At the same time, we found a strong correlation
(R?=0.7; Fig. 4b) between its trend and observed
values of this indicator.
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Table. Indicators of tiger censuses in the Lazovsky State Nature Reserve and on the unprotected site «Lazovsky District»

in 1997-2012

Characteristics
Indicator Mean value Limits (min—max) 'Star}dard ,d ev1at19n of L
indicator’s logarithm |F-criterion, p-value
LR LD LR LD LR LD
Population density of independent tigers, individuals/1000 km?| 8.6+0.7 | 53+0.5 | 6.7-11.7 | 4.0-8.1 0.07 0.08 [F=59.40,p <0.001
Population density of tiger cubs, individuals/1000 km? 3.1+1.0 | 1.7+0.04 | 0.0-6.7 0.0-6.7 0.26 0.29 F=6.30,p<0.018
Tiger track density, tracks/100 km? 3.03+£0.51|1.33+0.27| 1.93-5.65 | 0.42-2.70 0.13 0.19 F=4.86,p<0.036
Note: LR — Lazovsky State Nature Reserve, LD — site «Lazovsky District».
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Fig. 3. Fluctuations in the relative number of tiger groups
(number of tracks per 100 km of the route,
account days passed since the snowfall covered all tracks)

and their linear trends (according to Salkina
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et al., 2018

Lazovsky State Nature Reserve and on the unprotected site
«Lazovsky District» in 1997-2012; b — in the Lazovsky State

Nature Reserve in 2012-2021.
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In the long-term dynamics of the tiger track
density in the Lazovsky State Nature Reserve, a
regular three-year cycle can be seen (Fig. 3). Until
2005-2006, values of this indicator increased dur-
ing two years with its decrease in the third year.
Then, an increase in tiger track density began to
increase during one year, with its decrease during
two years. On the unprotected site «Lazovsky Dis-
tricty, the three-year cycle of the tiger track density
was weakly expressed (Fig. 3a). There was a slight
increase in the relative abundance index on two
study sites in 1997-2012 (Fig. 3a). In subsequent
years, this indicator decreased and amounted to
3% per year in the Lazovsky State Nature Reserve
(Fig. 3b); its average value was 2.39 + 0.68 tracks
per 100 km. Insignificant R-squared values indi-
cate that the degree of compliance of trend models
with original data is weakly expressed. Judging by
the insignificant value of the approximation reli-
ability coefficients, other types of trend lines (ex-
ponential, logarithmic, polynomial and power) for
all counted parameters also poorly correspond to
original data.

Discussion

The direct relationship found between the
expert assessment of the number of independent
tigers and the tiger track density is evidence that
this indicator of the relative abundance reflects
the absolute (or real) abundance. A relationship
between the track density of animals and their
absolute population density has been found for
many species, including the tiger (Chelintsev,
2000; Hayward et al., 2002). In some predator
groups, such a relationship may not be revealed
due to the small sample size.

In our study, no relationship was found be-
tween the total number of tigers (including cubs)
and the tiger track density. This is because the tiger
track density reflects the number of independent ti-
gers that includes both adults and subadults, which
often move independently during the second win-
ter of their life (Salkina, 2011). In the first winter of
their life, young individuals do not move far from
the mother; the female periodically gives them its
prey by leaving cubs there. Therefore, they are not
registered frequently on the counting routes. This
is confirmed by data obtained using camera traps,
which are also installed in places where tigers are
most likely to pass, i.e. in the same places where
counting routes pass (Soutyrina et al., 2013).
Therefore, for an unbiased study of the tiger popu-
lation, it is important to conduct observations by

collecting data on tiger tracks throughout the win-
ter season for identifying the number of cubs and
assess the reproduction level in tiger groups.

Indicators of tiger counts (tiger track density,
population density of independent individuals
and cubs) were approximately two times higher in
the Lazovsky State Nature Reserve compared to
the unprotected site «Lazovsky District» (Table),
despite the fact that for Cervus nippon, one of the
main food items of the tiger (Salkina, 2011), the
unprotected site «Lazovsky Districty has more
favourable natural conditions than the Lazovsky
State Nature Reserve. The unstable state of the
tiger population on the unprotected site is also in-
dicated by higher values of standard deviations
of the logarithm of these census indicators com-
pared to the ones in the Lazovsky State Nature
Reserve (Table).

In the Lazovsky State Nature Reserve, litters
with two or three cubs prevail (80% of the total
number of litters in 1997-2012), while in the un-
protected site, more than half of the litters con-
sisted of one cub at the time of their count in the
winter period, and the number of litters is lower on
the site «Lazovsky District» than in the Protected
Area. This indicates a higher survival rate of young
individuals in the Lazovsky State Nature Reserve
compared to the unprotected site. It also indicates
a generally better state of the tiger group in the
protected area that is obviously determined by its
strict protection status.

In some years, the population density of tiger
cubs was higher on the unprotected site «Lazovsky
District» than in the Lazovsky State Nature Re-
serve (Fig. 4a). This may also be caused by the low
survival rate of tiger cubs on the unprotected site.
The female has offspring once every two years, if
a previous litter has survived (e.g. Salkina, 1993;
Yudin & Yudina, 2009). Otherwise, tiger cubs are
being born more frequently. So, the high popula-
tion density of young tigers may also indicate their
low survival rate and more frequent changes of lit-
ters of the female.

In the Lazovsky State Nature Reserve, the
regular three-year cycle in the dynamics of the ti-
ger track density (see Fig. 3) confirms the dynam-
ics of another indicator of the relative abundance
of the tiger, namely the density of its scent marks
(Salkina, 2011). The three-year cycle is associated
with the population dynamics of Sus scrofa, one
of the main food items for the tiger (Salkina et al.,
2018). During the high abundance of S. scrofa, the
survival rate of young individuals increases, and,
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accordingly, the size of the tiger group. In com-
parison with other ungulates, S. scrofa is an easier
object to hunt for tigers, especially when they start
independent living (Salkina, 2011). A direct rela-
tionship between the number of independent indi-
viduals and the tiger track density in the Lazovsky
State Nature Reserve and on the unprotected site
«Lazovsky District» indicates that tiger groups are
associated with the influence of a natural factor; ob-
viously, it is the abundance dynamics of S. scrofa.
However, on the unprotected site «Lazovsky Dis-
trict», the three-year cycle of the tiger track den-
sity is weakly expressed (Fig. 3a), apparently due
to the instability of the tiger population.

Although the state of the tiger group was bet-
ter in the Lazovsky State Nature Reserve than
on the unprotected site «Lazovsky Districty, in
2012-2021, it is characterised by instability in the
Protected Area. This is pronounced by an increase
in fluctuation amplitude of the tiger track density
during this period (Fig. 3b). In addition, there was
a decrease in the average value of the tiger track
density, which more reliably reflects processes oc-
curring in the tiger group than the population den-
sity of individuals. This is caused by the subjec-
tive expert assessment of the number of recorded
individuals, based on which the tiger population
density is calculated.

Changes in the cycle of stages of the tiger
long-term dynamics in the Lazovsky State Nature
Reserve in 2005-2006 is associated with the stock
effect, i.e. with a negative impact of anthropo-
genic factors from adjacent areas, mainly poaching
(Salkina & Kolesnikov, 2005; Salkina, 2010, 2013;
Salkina et al., 2018). As a result, the rapid turnover
of adults and subadults in the tiger group of the
Lazovsky State Nature Reserve is unnatural, i.e.
71% of such individuals were observed there for
only 1-2 years. Tigers, individual areas of which
do not include bait crop fields on areas adjacent
to the Lazovsky State Nature Reserve, live much
longer (Salkina et al., 2019).

A higher number of tigers and ungulates was
noted not only in the Lazovsky, but also in the
Ussuriyskii State Nature Reserve and Sikhote-
Alin State Nature Reserve compared to adjacent
unprotected areas (Miquelle et al., 2005; Ma-
tyukhina et al., 2010; Maslov, 2012). These dif-
ferences are more pronounced in the Ussuriyskii
State Nature Reserve and its adjacent area than
in other pairs of protected (e.g. state nature re-
serves) and unprotected areas. This is caused by a
greater anthropogenic load in the area adjacent to

the Ussuriyskii State Nature Reserve, because the
Ussuriyskii district is one of the most developed
in the Primorsky Krai.

Within the tiger natural range, the poach-
ing level is evidenced by the following. In Rus-
sia including the Lazovsky State Nature Reserve,
the tiger population has increased during the early
1990s (Yudin & Yudina, 2009; Salkina, 2011). An
increase in the number of individuals has occurred
as a result of improved habitat conditions due to
global warming (Kashkarov et al., 2008). How-
ever, already in the mid-1990s, the tiger population
decreased again (Yudin & Yudina, 2009; Salkina,
2011) due to the increased poaching following the
collapse of the USSR and later period. The poach-
ing affects the tiger population both directly and
indirectly. The poorly controlled hunting leads to
the ungulate overexploitation (Gaponov, 2002).
Gaponov (2012) noted that in the hunting farms of
the Lazovsky district and Olginsky district of the
Primorsky Krai, Cervus nippon became the main
object of hunting in the first decade of the 2000s.
Its native population was included in the 1% edition
of the Red Data Book of the Russian Federation
(2001) before its reissue.

The poaching flourishes where roads are built
(Skidmore, 2021). Many roads were laid during
the logging; roads increase the availability of
lands for poachers in all seasons of the year. On
the unprotected site «Lazovsky District», the log-
ging has also negatively affected the local tiger
group (Salkina et al., 2022). Road constructions
also contribute to an increase in the wildfire fre-
quency. Studies conducted in the southwest of Pri-
morsky Krai showed that the higher proportion of
fire-damaged areas is located closer to the roads.
Tigers avoid such sites (Miquelle et al., 2004).

Tiger groups are also affected negatively by
the recreational pressure on their habitats. The land
availability leads to an increase in the disturbance
factor. We found that during the summer the fre-
quency of tiger visits to areas adjacent to the Pro-
tected Area is considerably reduced during the in-
crease in the number of tourists on sea bays located
near the Lazovsky State Nature Reserve (Salkina
et al., 2021). Visits of tourists from densely pop-
ulated Partizansky district to the unprotected site
«Lazovsky District» should have a more consid-
erably negative impact on the tiger population,
especially on females with cubs. The behaviour
of a tigress with cubs is accompanied by a stress
response to the appearance of a human even in en-
closure conditions (Yudin & Yudina, 2009). The ti-
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gress is forced to leave its residence place that cre-
ates additional risks for cubs, especially in winter.

Conclusions

Being an indicator of relative abundance, the
tiger track density corresponds to the absolute
abundance of adult and subadult (independent) in-
dividuals. In small groups, such a correspondence
may not be detected. It is important that, by as-
sessing the number of tigers, experts take into ac-
count conditions for measuring track prints and
apply the criterion of individual differences of at
least 2 cm. Otherwise, an unreliable estimate of the
tiger number is possible, which will lead to wrong
conclusions on the state and dynamics of the tiger
population. Consequently, this will reflect the con-
servation strategy of this threatened species.

In the Lazovsky State Nature Reserve, the
main population characteristics of the tiger are
higher than on the unprotected site «Lazovsky
Districty», including the relative abundance, pop-
ulation density of adults, subadults, and cubs. In
the Lazovsky State Nature Reserve, the survival
rate of tiger cubs is higher than on the unpro-
tected site. On the site «Lazovsky District», the
population density of tiger cubs has been declin-
ing. In the Lazovsky State Nature Reserve this
indicator decreased in 2012-2021. There has
also been a trend towards a decrease in the rela-
tive abundance index.

The three-year cycle of the long-term dynam-
ics of the relative abundance of tigers in the study
area was clearer expressed in the Lazovsky State
Nature Reserve. This parameter indicates a still
leading role of natural factors in ecosystem pro-
cesses (Poddubnaya et al., 2021). At the same time,
a decrease in the population density of tiger cubs
on both study sites, a decrease in the survival rate
of tiger cubs and the index of the relative abun-
dance of tigers in the Lazovsky State Nature Re-
serve suggest an increasing and possibly threat-
ening impact on the tiger group by a complex of
anthropogenic factors, namely poaching, uncon-
trolled hunting, logging, and recreational pressure
on the adjacent area.

A creation of such Protected Areas, as state na-
ture reserves and national parks, usually leads to an
increase in the number of large predators and other
animals. At present, such a Protected Area as the
Lazovsky State Nature Reserve cannot fully serve
as a breeding ground of tigers. An increase in the
tiger population would be possible if a new state
nature reserve would be established which is diffi-

cult to implement. A more realistic scenario seems
to be the creation of extensive buffer zones around
existing Protected Areas, the hunting prohibition,
and the logging restriction. It is unacceptable to
use agricultural fields for animal luring from Pro-
tected Areas instead of the intended purpose of
these areas. In the Ecological Programme of the
Primorsky Krai (Elyakov et al., 1993), a number of
areas are recommended for creation of Protected
Areas of various status, buffer zones around new
and existing Protected Areas. The same areas must
be created in the Khabarovsky Krai. Only by taking
the recommended measures, it is possible to imple-
ment the Global Program to increase the number of
tigers in the Russian Far East.
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PANTHERA TIGRIS ALTAICA (CARNIVORA, FELIDAE)
B JIA3SOBCKOM 3ANIOBEJJHUKE U HA COCEJTHEM
HEOXPAHAEMOM TEPPUTOPUU (JAJIBHUI BOCTOK POCCHUN)

I. I1. Canbkuna®", H. 5. llognyonan* >, B. C. Kosecnnkos®, B. A. Hukanaposa®

'O6wedunennas oupexyus Jlasoecko2o 20cyoapcmeenino2o npupooro2o sanoseonuxa um. JLI. Kannanosa
U HAYUOHATLHORO napxa «306 muepay, Poccust
*e-mail: tpsrus@mail.ru
2Yepenoseyxuii 2ocyoapcmeennulil ynugepcumem, Poccus
306wecmeso 3awumel muepa, Poccus

Jlist onieHKH cocTosTHMS nonynsinun Panthera tigris altaica (nanee — TUTp), OCTAIOUIETOCS YSI3BUMBIM ITOABHIOM,
IIPOBOJIUTCS €€ €XKErOHbIH MOHUTOPUHT Ha 16 ydacTkax ero apeana. B 3TH yuacTKu BXOJST 3aIIOBEAHUKH U Psi-
JIOM PacIioJIOKEeHHBIE TEPPUTOPHH, KOTOPBIE OTIIMYAIOTCS MEKLY CO00M OXpaHHBIM cTaTtycoM. Ha 3Tnx yuactkax
CPaBHHMBAIOTCS MOKA3aTeJIM YUCICHHOCTH I'PYIIIMPOBOK W BOCHPOM3BOJICTBO ISl BBIIBICHUS OIPEIEIISIOMINX
ux ¢akropos. Hacenenue turpa B JIa30BCKOM 3amoBefHuKe 1UI0MMIaAb0 1210 KM? COMOCTABISIOT C HACEICHH-
€M TUrpa HeOXpaHseMoro ydactka (ruomaas 988 kM?), KOTOpbId, Kak U JIa30BCKHUi 3aMOBEIHUK, BBIXOAUT K
SnonckoMy Mopro. B craTbe mpuBOASTCS KpaTKOe ONMCAHUE W CPABHEHHWE THX JBYX YYaCTKOB. MOHUTOPHHT
nposoauics B JlazoBckom 3anoBenHuke B 1997-2021 rr. 1 Ha HEOXpaHSAEMOM ydacTKe, Ha3BaHHOM «Jla3o0B-
ckuii paiion», B 1997-2012 r. B TeueHne 3uMHero nepruoaa codupany HHGHOPMALUIO O clenax THrpa Ha BCEH
TEPPUTOPUH YYaCTKOB: OJMH HJIM JBa pa3a MPOBOIMIM yUYEThl CIECJOB XHIIHUKA HA IMOCTOSHHBIX MapIIPyTax.
[InotHOCTH pacnpenesenus MappyToB B JIa30BCKOM 3arloBEAHUKE B pa3Hble rofbl coctaBmia 1.0-1.5 km Ha
10 km?, Ha yuactke «JlazoBckwuii paiion» — 1.2 kv Ha 10 km?. Mentudukaiuio ocodeil mpoBOANIIH 110 MIUPHHE
OTIEYaTKOB MojymIedex jamn. Ciesbl, KOTOpble OTIMYAIOTCS OOJbIIe YeM Ha 2 CM, CUMTAIN MPUHAUICKAIIUMA
pa3HbIM 0co0sM. [Tokazaresn YMCIEeHHOCTH TPYNIIMPOBKY TUTPa B JIa30BCKOM 3allOBETHUKE OBIIM MPUMEPHO B
JIBA pa3a BbIIlIE, YEM Ha HEOXpaHsieMoM yuacTke «JlazoBckuil pailon». B 1997-2012 rr. B JIa3oBckoM 3anoBe-
HUKE ¥ Ha HEOXPaHsIeMOH TeppuTOprH «J1a30BCKHiA paiioH» IIOTHOCTH MOIMYIISIIMN B3POCIBIX M MOITYB3POCIBIX
TUTPOB COCTaBMIIA cOOTBeTCTBEHHO 8.6 £ 0.7 ocobeii Ha 1000 km? u 5.3 £ 0.5 ocobeii Ha 1000 kMm%, TUrpSIT
mutaguie 1 roga — 3.1 £+ 1.0 oco6eit ma 1000 xkm? 1 1.7 £+ 0.04 ocobeit Ha 1000 kM?, cOOTBETCTBEHHO. IIIIOTHOCTE
pacupenenenus cienos turpa B JlazoBckom 3anosennuke coctaBuia 3.03 = 0.51 ciena va 100 xm mapuipyra
C y4ETOM JIHEU, MPOLIEIIINX [10CJIe CHErolaa, 3achllIaBIIero BCe Ciellbl, U Ha yyacTke «Jla30Bckuil pailon» —
1.33 £ 0.27 cnema Ha 100 kM MapmpyTta. B 1997-2012 IT. IIIOTHOCTD HACEIEHUS B3POCIBIX U TOIYB3POCIBIX
ocobeii B JIazoBcKOM 3amoBegHuKe ObLTa cTatuctrdecku 3HaanMo (F = 59.40, p < 0.001) e, uem B «JIazoB-
CKOM paiioHe». Takxke TOCTOBEpHO BHIIIE 3[€Ch IUIOTHOCTH HaceneHus TUrpst (F = 6.30, p <0.018) u ruroTHOCTH
pacupenenenus cienoB (F = 4.86, p < 0.036). BepkuBaeMocTh TUTPAT B JIa30BCKOM 3allOBETHHUKE OBbIIA TaKKe
Boimie. Ha 0co0o oxpaHseMoil MpupoIHOH TEPPUTOPHH BBIBOAKOB C OIHHM THI'PEHKOM Oblto 16% (n = 4), ¢
nByMs turpsitamu — 48% (n = 12), ¢ Tpems — 32% (n = 8), ¢ ueTsipbMsa — 4% (n = 1) oT ux 00IIeTo KoIn4ecTBa.
Ha nHeoxpansieMoM yuacTke «JIa30BCKHii paifoH» BEIBOJKOB € OTHMM TUTPEHKOM Ob110 53% (n = 8), ¢ AByMS TH-
rpsaTamMu — 27% (n = 4), ¢ Tpemsa — 20% (n = 3) ot ux odmiero koiaudectBa. OOHapy)XeHa TCHACHINS CHIKECHHS
IJIOTHOCTH HACEJIEHUs] TUTPAT Ha ydacTke «JlazoBckuil paiion». B 2012-2021 rr. B JIa30BCKOM 3aroBeHUKE
Cpe/IHsIs TUNIOTHOCTh HACENICHHUS B3POCIIBIX U MOIYB3POCIBIX TUIPOB coctaBuia 8.9 + 1.8 ocobeii Ha 1000 km?,
turpst 4.3 + 1.1 ocobeit Ha 1000 kM?; cpeHsisi MIIOTHOCTh pactpeaeneHus cienoB — 2.39 + 0.68 na 100 km
MapupyTa. B 3ToT nepuon mioTHOCTh HaceneHus TUrPAT B JIa30BCKOM 3allOBEHUKE CHIDKaJIAch. Takke Hame-
THJIACh TEH/ICHINS K CHIDKCHUIO OTHOCHTEIIFHOI YNCIICHHOCTH B3POCIIBIX M ITOIYB3pOCIIBIX 0co0ei. PerymsapHast
TPEXJIETHSS] IMKINYHOCTh B AWHAMUKE IUIOTHOCTH PACIIPEENCHHs CIIef0oB TUTPa B JIa30BCKOM 3arlOBEHUKE
yKa3bIBaeT Ha MPEUMYILECTBEHHOE BO3/CHCTBHE HA TPYNIIUPOBKY MPHPOAHBIX (hakTopoB. Ha Heoxpansemoii
Tepputopuu «Jla3oBckuii paion» peryisipHON HUKINYHOCTH HEe HAOMIOAAIOCh. DTO 1 00JIee HU3KHUE TTOKa3aTeI
YHCIIEHHOCTH THUTPOB 3/1€Ch CBSI3aHBI C HETaTHBHBIM BO3ACHCTBHEM CBA3aHHBIX MEKAY COOOM aHTPOIIOTEHHBIX
(axTOpOB: OPaKOHBEPCTBA, OXOTHI U JIECO3arOTOBOK. BIHseT Ha TPyNIUPOBKH THUTPOB M PEKPEALMOHHAS Ha-
rpy3Ka Ha TEPPUTOPHUN yJacTKOB. B mociennee necsTuiieTHe rpynnupoBKa THIPOB B JIa30BCKOM 3amoBeTHHUKE
MTOJIBEPraeTCsl BO3ACUCTBUIO aHTPOIIOTEHHBIX (PaKTOPOB C COMpEAEThbHOI TeppuTopun. JlanpHelIee coxpaHe-
HUE TUTPA U YBEITMUCHNE €TO YHCIEHHOCTH BO3MOYKHO, €CITH OYyT CO3AaBaThCsl 0000 OXpaHseMble IPUPOIHBIC
TEPPUTOPUH PA3HOTO CTaTyca, OOMMpHBIE Oy(epHbIe 30HBI BOKPYT HUX M BOKPYT YK€ CyIIECTBYIOIINX pe3ep-
BaToB, Oy/IET 3aIpelieHa 0X0Ta M OTpaHWIEHBI JIECO3aroTOBKH. M croap30Banne CebCKOX03sIHCTBEHHBIX 36MEIb
HE I10 Ha3HAUYCHMIO BOKPYT 0CO00 OXPaHIEMBIX MIPUPOJHBIX TEPPUTOPUIT HEOITYCTHMO.
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