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Southwest Primorsky Krai retains the sole remaining population of critically endangered Amur leopards, but and
also holds an isolated population of Amur tigers. This small group of tigers plays a key role as a core breeding
population for potential Amur tiger recovery in neighboring Jilin and Heilongjiang Provinces of Northeast China.
A large scale camera-trap monitoring program initiated by the United Administration of the State Nature Biosphere
Reserve Kedrovaya Pad and Land of the Leopard National Park in 2013 provides a more precise means of tracking
dynamics of animals’ abundance than previous snow-track counts and is to act «early warning system» in a case of
dramatic decreases in tiger numbers. Surveys were conducted over three years, beginning in August 2013 and end-
ing in July 2016. During each survey year, we planned to select a survey period of no more than 92 days when no
less than 80% of camera-trap stations were active. However, as the camera-trap stations were not simultaneously
deployed and checked during the last year (2015-2016), using the 80% cut point substantially was not feasible, so
we lowered the limit to 55%. To estimate detection rates for adults, we used only those animals that were present
in a given year both before and after the survey period, with the assumption that if a tiger were present both before
and after, most likely it was present during the survey period as well. From the 320 photographic captures obtained
over three years we identified 39 adult Amur tigers and 22 cubs. Among them only seven adult individuals (18%)
were captured in all three years, while sixteen adult individuals (41%) were captured only in one of the three years;
the rest (41%) were captured in two of the three years. Females demonstrate greater fidelity, and a greater likelihood
or being present in all three years. Tigers were more frequently captured during the cold season from October to
March with the peak numbers recorded in December. However, there were only ten instances in which adult/sub-
adult tigers were photographed both before and after the survey period in all years combined. Of those, in only six
instances (60%) tigers also photographed during the survey period, suggesting a relatively low detection probability.
However detection of cubs was even lower: twenty-two cubs were photographed during the three years of the study
but only three (14%) were photographed during the three survey periods. These results suggest that capture rates
of cubs are much lower than those of adults/subadults reaffirming recommendations to not include cubs in formal
population abundance estimates.

Key words: Amur tiger, camera-trapping, detection rate, Land of the Leopard National Park, southwest
Primorsky Krai.

Introduction

Southwest Primorsky Krai is home to the last re-
maining wild population of critically endangered Amur
leopards (Panthera pardus orientalis, Schlegel, 1857)
(IUCN Red List, Version 3.1., 2014) and a small sub-
population of endangered Amur tigers (Panthera tigris
altaica, Temminck, 1844), which represents about 5%
of the entire Amur tiger population.

Development of a protected areas network to
conserve Amur leopards started in the mid-1970’s,
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and culminated with the creation of Land of the
Leopard National Park in 2012. At present, the area
of the Park, combined with Kedrovaya Pad State
Nature Biosphere Reserve, totals 2,800 km?, and
provides protection for approximately 60% of suit-
able habitat for both species in Southwest Primorye.

The mission of the national park is to conserve
and recover the population of Amur leopards using
scientifically based conservation principles. While
conservation of Amur leopards is of primary con-
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cern, their fate is closely linked to that of the Amur
tigers co-occupying the park, which are also of high
conservation importance. Tigers in Southwest Pri-
morye are separated from the main tiger population
in the Sikhote-Alin Mountains by a development
corridor between the two major cities of Vladivo-
stok and Ussuriysk (Darman & Williams, 2003;
Miquelle et al., 2015). This anthropogenic barrier
has limited dispersal of large carnivores and resulted
in a genetically distinct tiger population in southwest
Primorye (Henry et al., 2009; Sorokin et al., 2015).
Although a few migrants from southern Sikhote-
Alin have been identified in southwest Primorsky
Krai, it is still unknown whether these occasional
migrants have successfully contributed to the gene
pool of the southwestern sub-population (Henry et
al., 2009). Further disruption of tiger movements
between two landscapes may have serious conse-
quences for genetic health of the smaller group of
tigers, and limits the potential for expansion of the
leopard population.

As part of the Russian Far East — China Global
Priority Tiger Conservation Landscape (TCL) (Din-
erstein et al. 2006) the Land of Leopard National
Park is of crucial importance as a core breeding site
for Amur tiger recovery in neighboring Jilin and Hei-
longjiang Provinces of Northeast China (Miquelle
et al., 2015). Further expansion of both Amur tiger
and leopard populations in southwest Primorsky
Krai is unlikely since they currently occur in all
suitable habitat, and further expansion is limited by
surrounding agricultural and infrastructure develop-
ment. Thus the contiguous Hunchun — Wangqing
area of Jilin Province, China, which has large patch-
es of suitable habitat, represents the best opportunity
for recolonization and expansion of both large felid
populations (Hebblewhite et al., 2012; Wang et al.,
2016). Over the past decade the number of Amur
tiger records in China, including breeding females,
has been increasing (Xiao, 2015; Wang et al., 2016).
However, the future of tiger recovery in China still
heavily depends on the southwest Primorye core
population, as evidenced by the fact that most tigers
recorded in China occur in close proximity to the
international border (Wang et al., 2016).

Regular and accurate monitoring of these popu-
lations is critical to detect changes in population size
and/or structure, and to act as an «early warning sys-
tem» to detect dramatic declines in population size.
However, traditional monitoring techniques, based
on interpreting the number of animals on the basis
of track counts in snow, are fraught with difficul-
ties, most notably that their accuracy is unknown,
resulting in considerable variation in interpretation
of results (e.g. Pikunov et al., 2009; Aramilev V.V.
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& Aramilev S.V., 2013). Properly designed camera
trap surveys bypass many of these problems by pro-
viding statistically robust estimates of abundance
and error, plus provide a means of identifying indi-
viduals crossing international boundaries.

The most robust population estimates derived
from camera trap data apply mark-recapture analy-
ses (Karanth & Nichols, 2002, 2006) that assume
that not all individuals were photographed, and con-
sequently attempt to estimate population size based
on detection probabilities. The methodology has
been thoroughly described and successfully tested
in Russia (Kostyria et al., 2003; Aramilev et al.,
2010; Soutyrina et al., 2013). The great value of this
approach is its statistical robustness and its ability
to provide an estimate of statistical error associated
with the population estimator. However, there are
two conditions for conducting such surveys that are,
to some extent at odds with each other. On the one
hand, surveys must be sufficiently short to ensure
that the population is «closed»: that is, there is no
immigration, emigration, mortality, or births during
the survey period. This is an assumption of not only
camera trap surveys, but any method designed to
estimate animal abundance. The other condition is
that multiple «captures» of individuals is necessary
to accurately estimate detection probability and pro-
vide a small confidence interval. The first condition
demands that surveys be as short as possible (to en-
sure population closure), while the second demands
that surveys be as long as possible to increase sam-
ple size. The problem faced by anyone implement-
ing such a survey is to balance these two demands.

Increasing the number of captures can be done
not only by increasing the amount of time camera
traps are active, but by placing camera traps in lo-
cations that maximize chances of photographing
animals, by conducting surveys when capture rates
are greatest, by increasing camera trap density, and
by increasing survey duration. Applying these prin-
ciples should allow one to reduce survey length, re-
ducing the chances of violating the assumption of
population closure. Karanth & Nichols (2002) sug-
gested that tiger surveys using mark-recapture ap-
proach should not exceed 60 days to ensure popula-
tion closure. Soutryina et al. (2013) extended survey
period to 90 days because capture rates were low in
Sikhote-Alin Biosphere Nature Reserve.

Camera trap data also provides information on
sex and age structure of populations, although iden-
tification of sex is not always possible. Additionally,
it has been recommended that cubs not be included
in mark-recapture estimates of tiger populations be-
cause they are rarely and inconsistently captured by
camera traps (Karanth & Nichols, 2002). Whether
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these recommendations hold for northern popula-
tions of tigers is still unclear.

Monitoring of small portions of Southwest Pri-
morye has been conducted using camera traps since
2003 (Kostyria et al., 2003; Rybin et al., 2015). In
2013, the United Administration of the State Nature
Biosphere Reserve Kedrovaya Pad and Land of the
Leopard National Park initiated large scale camera
trap surveys over the entirety of suitable large felid
habitat. Here we present preliminary results from
2013-2016 to determine «best practices» for orga-
nizing yearly surveys of Amur tigers in the Land of
Leopard National Park. Specifically, we attempted
to do the following:

1. Establish a camera trap network year-round
to determine the best season for camera trapping
(i.e., to determine when capture rates are greatest).

2. Assess sex-age structure of the population
and develop a crude estimate of site fidelity by look-
ing at what proportion of the years each animal was
present in the study site, and comparing those pro-
portions between the sexes.

3. Assess how capture rates varied among years.

4. Develop a crude estimate «detection rates»
of adults and cubs to determine whether there is
variation between cubs and adults, as reported by
Karanth & Nichols (2002).

Material and Methods
We used digital camera traps (Reconyx™,
ScoutGuard™, Bestok™, Bushnell™) equipped
with motion and infrared sensors.
The Park was divided into two primary moni-
toring units. The first included only the territory
of border control zone. This narrow strip of land

(1200 km?) stretches north to south along the Rus-
sian-Chinese border and varies from 1 to 12 km
wide. Pairs of camera-traps (to photograph both
sides of an animal) were placed at stations in the
border patrol zone to be functional year-round,
with battery exchanges and data collection occur-
ring twice a year. The second monitoring unit of
2400 km?included the rest of the Park area and a
large proportion of its buffer zone. Camera-trap
stations in this monitoring unit were set up season-
ally from mid-winter to mid-summer.

Camera-traps were deployed at sites where
the probability of Amur leopard capture is highest,
based on known movement corridors and habitat
preferences relative to elevation and relief. Despite
the fact that placement of camera traps was targeted
at photographing Amur leopards, Amur tigers were
also commonly photographed.

Single or multiple photographs of a single tiger
made at one site over a 24 hour period were con-
sidered a single «capturey». Identification of indi-
vidual tigers was conducted using ExtractCompare
computer software (Conservation Research Ltd.,
UK). The software operates on a Microsoft Access
platform enabling the storage of camera trap data as
well as database management.

Surveys were conducted over three years, begin-
ning in August 2013 and ending in July 2016. Dur-
ing each survey year, we planned to select a survey
period of no more than 92 days when no less than
80% of camera-trap stations were active. However,
as the camera-trap stations were not simultaneously
deployed and checked during the last year (2015—
2016), using the 80% cut point substantially was not
feasible, so we lowered the limit to 55% (Table 1).

Table 1. Number of camera-trap stations per year, dates of survey, number of days of survey, number of
camera trap days per year and study period, number of captures of adults and cubs per year and study

period, and capture rate (captures/1000 trap days)

Number of captures Capture rate (captures /
Number | Camera-trap days 1000 trap days)
Number of
Survey Survey of days
years Camel:a-trap period dates| / survey (adults and CubS) (adults and Clle)
stations .
period /Sur /Surve
/Year UIVEY | Year vey /Year | /Survey period
period period
20.03.2014
2013-2014 151 31.05.2014 73 27948 9956 103 26 3.69 2.61
09.02.2015
2014-2015 165 22 04.2015 73 31428 10837 135 71 4.30 6.55
15.01.2016
2015-2016 132 15.04.2016 92 20745 7885 82 41 3.95 5.20
Average 149 79 26707 9559 107 46 3.98 4.79
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To assess which seasons are best for surveying
tigers, we used data only from the border control
monitoring unit to estimate the number of captures
that occurred in each month over the three years.

We attempted to identify sex of animals based
on the presence of external genitalia when photo-
graphs provided a view of the rear side of an animal.
Body size and relative head size provided additional
clues to determine sex of an animal. To assess site
fidelity, we summarized the number of years each
individual was present on the study area, and com-
pared the proportion of each sex present for one,
two, or all three years.

To estimate detection rates for adults, we used
only those animals that were present in a given
year both before and after the survey period, with
the assumption that if a tiger were present both be-
fore and after, most likely it was present during the
survey period as well. We defined detection rate as
the number of animals observed in all three periods
(before, during, after survey period) compared to all
animals detected before and after the survey period.
For cubs, we compared the number of cubs captured
during the study period versus the number captured
before or after the survey period.

Results and Discussion
We obtained 3091 images of Amur tigers repre-
senting 320 captures over the three year period. An

average 26707 trap days were conducted using an
average 149 pairs of camera traps (Table 1). Cap-
ture rate per year varied only slightly (3.69—4.30
captures/1000 trap days) while capture rate of the
shorter survey periods varied more (2.61 to 6.55
captures/1000 trap days)/.

Tigers were more frequently captured dur-
ing the cold season from October to March
with the peak numbers recorded in December.
A gradual decrease in capture numbers was no-
ticeable from April to September. These results
clearly suggest that surveys should be conduct-
ed in the late fall-winter period to maximize the
number of captures.

From the 320 photographic captures obtained
over three years we identified 39 adult Amur ti-
gers and 22 cubs. Among them only seven adult
individuals (18%) were captured in all three years,
while sixteen adult individuals (41%) were cap-
tured only in one of the three years; the rest (41%)
were captured in two of the three years. Females
were more likely to be captured in all three years,
while males were more likely to be captured only
in one year (Fig. 2). This observation coincides
with reports of higher mortality rates of males,
and longer dispersal distances (Robinson et al.,
2015; Goodrich et al., 2010), both of which would
reduce the likelihood of males being present in all
three years compared to females.
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Fig. 1. The number of Amur tiger photographic captures per month based on data obtained from the border
control zone of Land of the Leopard National Park, 2013-2016.
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Fig. 2. The percentage of female and male tigers photographed in only one, two, or all three years of
camera trapping in Land of the Leopard National Park, 2013 through 2016.
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Fig. 3. Changes in the number of adult and sub adult Amur tigers identified relative to the number of
captures within each study period.
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The fewest number of adults (19) were ob-
served in the first year (2013-2014), coinciding
with the lowest capture rates (Table 1). However,
despite the low capture rate, a large proportion
(84%) of tigers captured during the year were also
captured during the survey period. The highest
capture rate occurred during the second survey pe-
riod, when half of the captures of the entire year
were made in that 73-day period (Fig. 3).

Extending the survey period in 2015-2016
to 92 days resulted in an increase in the num-
ber captures (37), but the number of individuals
recorded (14) was the lowest of the three years.
The lower number of camera-trap stations de-
ployed during 2015-2016 along with non-simul-
taneous deployment of camera traps likely also
reduced the number of tigers captured and the
overall number of captures.

Comparisons between survey years and sur-
vey periods (Fig. 2) are not all that informative
because it is not known if the animals observed
at other times of the year were present during the
survey period. If animals were present both before
and after the survey period, in all likelihood they
were present on the study site during the survey
as well. However, there were only ten instances in
which adult/sub-adult tigers were photographed
both before and after the survey period in all years
combined. Of those, in only six instances (60%)
tigers also photographed during the survey period,
suggesting a relatively low detection probability.
However detection of cubs was even lower: twen-
ty-two cubs were photographed during the three
years of the study but only three (14%) were pho-
tographed during the three survey periods (Table
2). These results suggest that capture rates of cubs
are much lower than those of adults/subadults.

Conclusions
The survey design employed over the three
years of study appeared adequate to obtain suffi-

Table 2. Number of litters and cubs «captured» on
camera traps during an entire year and during a re-
stricted survey period in Land of the Leopard Na-
tional Park, 2013-2016

Stud Number of cubs
elrlio}(; Number of litters
p Year Survey period
20132014 3 11 0
20142015 3 4 1
2015-2016 3 7 2
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ciently large numbers of photographic captures of
tigers. However, it is clear that in 2015-2016, an
inappropriate sampling schedule reduced or de-
layed the amount of information acquired, which
in turn will weaken the mark-recapture analyses
and reduce our ability to detect trends in the pop-
ulation of tigers in Land of the Leopard National
Park. It is recommended that future yearly efforts
be maintained at an agreed upon minimum level
and that camera traps must operate simultane-
ously during a 60 to 90 day period, preferably in
late fall and winter. As observed elsewhere, lit-
ters were poorly captured on film, and hence we
agree that it is best to exclude cubs from the for-
mal mark-recapture analysis, as poor detection
and poor recapture rates will reduce the accuracy
of the overall estimate.

Females demonstrate greater fidelity, and a
greater likelihood or being present in all three
years. Monitoring the female segment of the pop-
ulation is very useful, as reproduction rates are
the key determinant of population growth rates.
Monitoring the longevity of females in Land of
the Leopard National Park will provide an index
of population health.

Increasing the number of photographic cap-
tures of tigers can be done not only by increasing
the amount of time camera traps are active, but by
placing camera traps in locations that maximize
chances of photographing tigers, by conducting
surveys when capture rates are greatest (fall-
winter), and by increasing camera trap density.
Currently nearly all camera traps are positioned
to maximize probability of photographing leop-
ards. We believe that it would be wise to allocate
a small proportion of camera traps (possible 20—
30%) to locations where the probability of pho-
tographing tigers is greater. Although these loca-
tions (often trails and forest roads) make the risk
of theft of camera traps greater, it is possible to
camouflage camera trap locations. This change in
priorities could greatly increase the photographic
capture rate of tigers in Land of the Leopard Na-
tional Park, and increase survey accuracy.

Applying these recommendations should al-
low us to increase capture rate, and keep survey
length sufficiently small to reduce the chances
of violating the population closure assumption.
Karanth & Nichols (2002) suggested that tiger
surveys using mark-recapture approach should not
exceed 60 days to ensure population closure. So-
utryina et al. (2013) extended survey period to 90
days because capture rates were low in Sikhote-
Alin Biosphere Nature Reserve. We will seek to
keep survey length in this 60-90 day period.
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Intensifying the monitoring program in the
Land of Leopard National Park would significantly
broaden our understanding of the ongoing process-
es in populations of both Amur leopards and tigers
and provide important clues as to how to allocate
the Park’s resources and where the conservation
activities should be focused to effectively manage
the entire ecosystem.
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IOro-3aman [TpumMopckoro Kpasi UMeeT KITFOUeBOE 3HAUYCHHUE ISl COXPaHEHHs CAMHCTBEHHON B MHpE TOIMYIAINN
JATbHEBOCTOYHOTO JICOTIap/a, a TAKKe N30JIMPOBAHHON TPYNIIMPOBKH aMypPCKOTO TUTPa. DTa MaJIOYHCICHHAS TPYII-
Ia TUTPOB, B CBOIO OUCPC/Ib, ABIACTCA CAUHCTBCHHBIM MONMYIAIUOHHBIM PECYPCOM JIsI BOCCTAHOBJICHHUS MMOABUAA
B npwieratomux nposuHipsix KHP — [[3unuae n XoainyHi3sH. Macmradnas nporpamMa (OTo MOHUTOPHHTA, Op-
rann3oBaHHas OObEIMHEHHON AMPEKIMel rocy1apCTBEHHOTO PUPOIHOTo 3anoBeHuka «Keaposas maae» U Ha-
IIMOHAJBHOTO TMapKa «3emirs neonapaa» B 2013 roxy, 1aeT BOZMOKHOCTH O0JIee TOYHOTO OTCIIC)KUBAHUS N3MCHEHUH
YUCIICHHOCTH YKUBOTHBIX 110 CPABHEHHIO C MPEINICCTBYIONIMMA 3UMHAMH Y9e€TaMH U JOJDKHA JICHCTBOBATH, KaK CH-
CTeMa paHHETO MPEAYIPEKICHIS B CIydae MOSBICHHS CYIIeCTBEHHBIX HETAaTUBHBIX TeHACHIINI. ©0OTO MOHUTOPHUHT
npoBoauIcs B iepuof ¢ aBrycta 2013 roga o utomns 2016 1. 171 KaX10T0 OTAENBHO B3STOTO FO/1a Mbl TNIAHUPOBAIIH
BBIJICJIUTh TaK HA3bIBAEMbIH yUETHBIN MEPHOJ MPOIOKUTEIBHOCTRIO He Oosiee 92 nmHel, korna paborano He Me-
Hee 80% cranmmii ¢poto MonuTopuHra. OnHaKo B TeueHHe ydetHoro nepuozaa 2015-2016 rr. yacts cranumii Goro
MOHHTOPHWHTA He OblJIa YCTAaHOBJICHA WJIM MPOBEPEHA OJHOBPEMEHHO C OCHOBHBIM MacCHBOM CTaHIWA. B maHHO
CHUTyaIlM1 UCIOJIb30BaHKe mMoka3zaterst 80% paboTaromux CTaHIWi MPUBENO OBl K CYIIECTBEHHOMY COKPAICHHIO
KOJTMYECTBA YUETHBIX THEW, MO3TOMY MBI IPUMEHWIN TTOKa3aTedb B 55%. [ oneHKH mokas3arens 0OHapyKEeHUs
B3POCIIBIX 0CO0EiT aMypCKOTO TUTpa, MBI UCTIOIB30BAIIM JJAHHBIE TEX 0CO0ei, KOTOpble OBUTH 3apErHCTPUPOBAHBI 10
YUYETHOTO MEepHOoJIa U TIOCIJIE Hero B TEUEHHE KaXKJ0T0 TIEpHo/ia UCCIIeIoBaHUN. B TaHHOM city4yae MBI Ipeoaraiy,
4TO eciii 0coOb ObLIa 3auKkcHpoBaHa JI0 M IOCIE y4yeTa, TO ¢ OOJBIION J0Jel BEPOSTHOCTH KHUBOTHOE ITPUCYT-
CTBOBAJIO Ha TEPPUTOPUHN HCCICAOBAHUSA, HO M0 KaKUM-TO MIPUIMHAM He OBLIO «OTIOBICHO» B TIepHox ydera. M3
320 0oTII0BOB aMypCKOTO THTPA, TIOTyYEeHHBIX B TEUCHHUE TPEX JIET, MBI HICHTH(OUITUPOBATH 39 B3pOCIBIX 0cO0e 1
22 turpar. Cpenu 00IIero KOJIM4ecTBa 3aperuCTPHPOBAHHBIX B3POCIBIX TUTPOB TOIBKO 7 (18%) oTMeuanmch exe-
TOJIHO, B TO BpeMs Kak 16 (41%) ocobeii ObLITH OTMEUCHBI TOJIBKO B OJJHOM K3 TPEX MEPHOIOB, a OcTanbHbie 16 (41%)
OTMEYaJIMCh, COOTBETCTBEHHO, B JIByX M3 TpeX. boblIyro 4acTh 0co0el, OTMEUYaBIIMXCSl €KETOIHO, COCTABIISIIN
camku. HaubonbIee konndecTBo (JOTO OTIIOBOB TUTPOB OBUIO TIOJIYYEHO C OKTSOPS 110 MapT Ha OCHOBAHUH JIaHHBIX
3a TPEeXJICTHUH TIEPHOI, TIPH STOM, MaKCHMAaThHOE KOJHMUYECTBO OTIIOBOB IPUXOAMIOCE Ha JekaOpb. B TeueHne Tpex
JIeT FicCIIeIOBaHUI OBLITO 3apEeTUCTPHPOBAHO TONBKO 10 cirydaes, KOra B3pOCIBIE U IMOTYB3POCIIbIE TUTPHI OTIABIIH-
BAJIMCH JI0 U MOCTIE YYETHOTO meprofa, B mecTr (60%) M3 KOTOPHIX KUBOTHBIE OTMEYAINCH M B YUCTHBIH MEPHO],
YTO CBHUJIETEIBCTBYET 00 OTHOCHTEIIFHO HU3KOM IOKazarene oOHapyxeHus. OJJHaKo 1oKas3aTeiab 00HapYKEHHUS LIS
TUrpAT OBLT elle Huke U cocTaBsn 14%. Hamm pesynabrarsl AeMOHCTPUPYIOT HU3KHMH TTOKa3aTelb OTIIOBOB LIS
THUTPAT 110 CPABHEHHIO C B3POCIIBIMU U MTOIYB3POCIBIMU OCOOSIMH TUTPA, YTO B CBOIO OYEPEIb, TOJTBEPIKIAECT PEKO-
MEHIAINH IPYTUX UCCIICIOBATENICH He BKIIFOUATh TUTPAT IPU CTaTHCTUICCKON OIIEHKE pa3Mepa ITOMYIISIIH.

KuroueBble c10Ba: aMypCcKHi THTp, HAIMOHAIBHBIA MapK «3eMIIs Jieomapaay , moKa3arenb oOHapyX eHus, GpoTo
MOHUTOPHUHI, toro-3anaj [Ipumopckoro kpas.
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