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An estimation of welfare/stress level in wild animals helps to determine the factors affecting their conditions.
Panthera tigris is a species, that has evolved in tropical Asia, but its subspecies Panthera tigris altaica
(hereinafter — Amur tiger) lives under extreme climatic conditions in the Russian Far East. The aim of this
study was to estimate the effect of low air temperature and high snow level as potential stressors for Amur
tigers. Changes in glucocorticoids levels may be a good indicator to evaluate an animal’s welfare/stress level.
We collected a total of 209 fecal samples from Amur tigers. The samples were kept frozen until analysis. We
used previously validated commercial kits to quantify fecal glucocorticoid metabolites (FGCM) in Amur
tigers. We determined Amur tigers’ FGCM levels in four Protected Areas, situating from the north to the south,
suggesting that FGCM will be different in northern and southern locations (depending on weather conditions).
We did not find significant differences in FGCM level related to the Amur tigers’ location. However, we
found correlation with the climatic conditions for these geographical points. Air temperature had a significant
effect on FGCM levels in Amur tigers both in the study period as a whole (F = 4.16; df = 1; p = 0.043) and
in the snowy period taken separately (F =4.92; df = 1; p = 0.028). The FGCM level in Amur tigers increased
significantly when the ambient temperature dropped. This correlation was significant over the whole studied
period and during the snowy period. We assume that low ambient temperature should intensify the metabolic
rate in such tropical species as the Amur tiger. The snow level did not affect considerably the FGCM level.
However, we discovered a positive correlation between the level of hormones and snow depth. When the
snow level exceeded 60 cm, FGCM concentrations declined by more than a half (from 1441 + 561 ng/g to
668 = 125 ng/g). Especially high snow depth led to a low FGCM level in Amur tigers, which may be related
to the changes in their movement patterns and hunting efficiency. FGCM monitoring is an effective tool for
the estimation of the Amur tiger’s physiological status in the wild. However, the air temperature per se might
affect significantly the FGCM level in the Amur tiger (tropical species) and it should be taken into account
when scientists interpret the results.
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Introduction

Measures of stress in individuals from
animal populations in the wild can provide
insight into population status and factors that
may influence population persistence (Paquet
& Darimont, 2010; Fanson et al., 2012; Creel
et al., 2013; Bhattacharjee et al., 2015). One
of the most reliable indices of stress is the

level of glucocorticoids (GC) in blood plasma/
serum. Glucocorticoids play a very important
role in the regulation of metabolic processes in
mammals and providing adaptive responses to
any external impacts on the organism (Sapolsky
et al., 2000; Romero, 2004). Such impacts may
include unfavourable climatic factors like low
air temperature, which was used in experimental
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studies on small mammals as «cold stress»
(Novikov et al., 2015). The response to low
temperatures requires an increase of metabolic
rate and an increase of GC level in blood plasma.
GC levels moderate the physiological responses
to stress by mobilising internal resources of the
organism, allowing it to overcome the negative
effect of stressors (under acute stress). Under
long-term stress, this physiological response
can exhaust an organism’s resources, sometimes
leading to death associated with chronic stress.
Therefore, changes in GC levels may be good
indicators of animal welfare/stress levels (Mostl
& Palme, 2002; Palme, 2012; Ugaz et al., 2013).

Usually, hormone measurements (including
GCs) are conducted using blood plasma/serum
(Naidenko & Erofeeva, 2005; Goritz et al.,
2006). However, this method is most suitable
for laboratory animals or mammals in captivity,
where the sampling procedure takes little time and
induces comparatively little stress. In the wild,
this method is less reliable because the process of
capturing (for sampling) can significantly increase
GC levels in blood plasma/serum within 5-10
min. (Delehanty & Boonstra, 2012; Loschagina
et al., 2017, 2018). An alternative approach is the
use of non-invasive measurements of GC or their
metabolites in various substrates (hairs, feces,
urine) (Saltz & White, 1991; Davenport et al.,
2006; Pribbenow et al., 2014). This method may
be realised without any contact with or influence
on the animal. Moreover, this approach gives
the cumulative estimation of hormonal levels
and individual hormonal status over an extended
period, ranging from a few hours (from urine)
to several months (from hairs) (Sheriff et al.,
2011; but see Colding-Jergensen et al., 2023). In
felids (including Panthera tigris Linnaeus, 1758
(hereinafter — tiger)), glucocorticoid metabolites
are excreted in feces about 24 h after perceiving a
stressor (Pavlova & Naidenko, 2008; Naidenko et
al., 2011). Such studies are now widely conducted
in captive and wild mammals (Ayres et al., 2012;
Bosson et al., 2009; Christofoletti et al., 2010;
Dehnhard et al., 2001; Huber et al., 2003; Hunt et
al., 2006; Dittami et al., 2008; Rangel-Negrin et
al., 2009; Ganswindt et al., 2012; Mastromonaco
et al., 2014), including some carnivores (Pavlova
& Naidenko, 2008; Naidenko et al., 2011; Fanson
& Wielebnowski, 2013; Pribbenow et al., 2014;
Bhattacharjee et al., 2015).

The tiger is one of the largest terrestrial
carnivores in the world, and a flagship species for
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the ecosystem conservation across Asia. Over the
XX century its total population has declined from
an estimated 100 000 to 3000-3500 individuals
(Dinerstein et al., 2007). An international tiger
summit conducted in 2010 in Saint-Petersburg
(Russia) aimed to double the number of wild tigers
in the wild by 2022. The last data estimate the
world tiger population as 4865-5697 individuals
(WWEF, 2022), approximating an increase of 1.4—
1.9 fold. Panthera tigris altaica Temminck, 1844
(hereinafter — Amur tiger) lives in the extreme
northern environments of the Russian Far East and
northeast China. The range of Amur tigers extends
in a north-south gradient for more than 1000 km,
and in an east-west gradient from the Sea of Japan
to several hundred kilometers inland. The tiger as a
species has evolved in south-eastern Asia (tropical
forests) (Luo et al., 2004; Driscoll et al., 2009) and
later dispersed to the Russian Far East, where it
encountered severe winter climatic conditions. In
the northernmost areas, winter temperature may
reach -45°C, and snow levels may exceed 1 m for
several months.

Earlier, we validated a method for measuring
fecal glucocorticoid metabolites (FGCM) levels in
Amur tiger feces (using ACTH-test and helicopter
transportation) (Naidenko et al., 2011) and
showed that FGCM levels remain constant for
approximately a week under conditions when air
temperatures remain below +7°C (Naidenko &
Rozhnov, 2009). The higher FGCM levels in wild
Amur tigers in winter than in autumn and spring
have been described earlier (Naidenko et al.,
2011). The separate study in Russian zoos showed
a significant negative correlation between FGCM
levels and air temperatures in winter (Ivanov et al.,
2017). We assumed that this negative correlation
between air temperature and FGCM levels may
exist in the wild. We hypothesised that low air
temperatures and high snow levels are stressors
for Amur tigers that will result in increased
FGCM concentrations. Based on this idea, we also
expected to see higher FGCM levels in northern
areas with more severe climatic conditions. The
aim of this study was to estimate the effect of air
temperature and snow depth on FGCM level in
Amur tigers at the four points situated in the north
and south of the subspecies range.

Material and Methods
Samples were collected in 2011-2014 from
four study sites in the Russian Far East. The
sites (Fig. 1) represented both coastal and inland
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areas situated across the south-north gradient
of Amur tiger range. The Land of the Leopard
National Park (LLNP: 2620 km?) represents the
southernmost range of the Amur tiger in Russia,
close to the Sea of Japan. The winter weather
patterns in the LLNP are less continental than in
other areas, resulting in higher temperatures and
low snow levels. The Ussuriisky State Nature
Reserve (UR: 405 km?) is situated just east of the
LLNP. It is similar in temperature conditions but
shows higher depths of snow accumulation than
the LLNP. Although the Sikhote-Alin State Nature
Biosphere Reserve (SAR: 4016 km?) is further
north, winter temperatures are moderated by the
proximity of the Sea of Japan, and snow depth is
low during the winter. The Bastak State Nature
Reserve (BR: 1271 km?) is the northernmost and
most inland of all sites surveyed, and consequently
had the lowest winter temperature and generally
the deepest snow.

Feces samples were collected mainly in
winter (November — March) with some samples
collected before or after the snow cover. Fecal
samples were collected less than 24 h after
deposition when air temperatures were higher than
+5°C, and no more than 5 days after deposition
when the air temperature was below +5°C. The
age of feces samples was estimated based on
the personal experience of researchers, changes
in weather conditions (snowfall and thaw) and
age of the Amur tiger tracks associated with the
scat. Between 2 g and 20 g of fecal material were
collected in plastic bags and labelled by location
(GPS co-ordinates), date, sex (estimated from the
size of the footprint) (Kerley et al., 2007; Yudin &
Yudina, 2009), identity of the Amur tiger (when
deposition coincided with camera trap data or a
location ofa GPS-collared individual) (Hernandez-
Blanco et al., 2015). Amur tiger scat is easy to
identify in winter by its large size because other
large carnivores are either in hibernation during
the survey period (both Ursus arctos Linnaeus,
1758 and Ursus thibethanus Guvier, 1823) or, in
the case of Canis lupus Linnaeus, 1758, extremely
rare in the study area (Miquelle et al., 2005). All
samples were stored and transported frozen under
-18°C. FGCM concentrations were measured
in the laboratory of the Severtsov Institute of
Ecology and Evolution of the RAS (Moscow,
Russia) according to the method described earlier
(Pavlova & Naidenko, 2008; Naidenko et al.,
2019). Metabolite extraction was conducted
with 90% methanol (Jewgenow et al., 2000).

The FGCM concentration was estimated with
the commercial kits of «Immunotekh» (Moscow,
Russia), which were previously validated for
the Amur tiger (Naidenko et al., 2011). This
method for measuring FGCM levels in the Amur
tiger’s feces was validated using ACTH-test and
helicopter transportation and showed that the
level of steroid hormones remains constant for
approximately a week under conditions when
air temperatures remain below +7°C. The final
concentration was calculated on 1 g of dry feces.
For this purpose, we have calculated the relative
humidity of each sample (the aliquot), drying it
to constant mass (weighting them before and
after it). This approach was earlier determined
to be the most efficient for estimating the FGCM
concentration in feces (Naidenko et al., 2019).
Cross-reactivity of antibodies to cortisol was 6%
for prednisolone and less than 1% for all other
tested steroids. The sensitivity of the antibodies
was 1.8 ng/ml of the extracts (about 45 ng/g of
dry feces). The intra-assay coefficient was 2.89%
(n = 209), the inter-assay coefficient was 11.23%
(n = 7). The interassay coefficient was calculated
for the sample with the FGCM concentration 200
ng/ml. Normally, two samples were used as quality
controls with low (6.25 ng/ml) and high (200 ng/
ml) concentrations.
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Fig. 1. Study sites on the Russian Far East. Designations: 1 —
Bastak State Nature Reserve, 2 — Sikhote-Alin State Nature
Biosphere Reserve, 3 — Ussuriisky State Nature Reserve, 4
— Land of the Leopard National Park.
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The identification of animals using molecular-
genetic methods was not conducted, raising the
possibility that some samples could have been
collected from the same animal. We attempted to
minimise this possibility by identifying individuals
whenever possible using camera-traps, satellite
collars and size of paw print.

Daily weather indexes (average daily air
temperature and snow depth) were estimated based on
the data from the nearest weather broadcast stations
of the Federal Russian meteorological stations
(Birobidzhan, Terney, Artyom, Barabash), which
are available at www.rpS.ru. We used the average
value of weather parameters for three days prior to
the estimated date of defecation. The time lag of
glucocorticoid excretion in the Amur tiger constitutes
about 24 h (Naidenko et al., 2011). We used the
interval of three days because some samples were
2-4 days old (dating was imprecise), and excretion
time of GC could have exceeded 24 h in some cases
(Rozhnov et al., 2010; Naidenko et al., 2011). The
samples that were not dated precisely were used only
in the analysis of the «study sitex» effect.

The weather conditions at study sites are shown
in Table 1. The sampling lasted longer in the Sikhote-
Alin State Nature Reserve and covered the autumn and
spring periods that affected the study site temperature.
We paid attention to this point in results and discussion.

Statistics

To approach a normal distribution, we converted
the FGCM concentrations by logl0 and used a GLM
(Generalised Linear Model) approach, using the factors
airtemperature, snow depth, and study site as parameters
explaining the variation in FGCM concentrations. We

also conducted an analysis excluding the study site
parameter. The GLM was conducted for the whole
data set and, separately, for the samples collected
only in the snow period. The comparison of FGCM
concentrations at various air temperatures or Snow
levels was conducted using the Mann-Whitney test
for non-logged concentrations. The analysis was
conducted in Statistica 12 (StatSoft, USA).

Results

In total, we collected 209 fecal samples from
Amur tigers (Table 2). Differences in number of
collected samples were related to the intensity of
fieldwork and Amur tiger density on the various
study sites. The samples where dating was not
precise were excluded from the analysis of effect
of air temperature and snow depth, but were used
for the analysis of study site effect.

The air temperature had a significant effect on
FGCM levels in Amur tigers both in the study period
as awhole (F=4.16; df=1; p=10.043) (Fig. 2) and
in the snowy period taken separately (F = 4.92;
df=1; p=0.028). The FGCM concentrations were
at maximum at low air temperatures. When the air
temperature was below -20°C, the FGCM level was
three times higher than when the air temperature
was between -10°C and 0°C (2561 + 972 ng/g
and 894 + 202 ng/g, respectively). However, the
FGCM concentrations by temperatures less than
-20°C and -10-0°C did not differ considerably
(Mann-Whitney test: Z = 0.797; n, = 10; n, = 71;
p = 0.43). The FGCM concentrations at -20°C to
-10°C were significantly higher than at warmer
temperatures (-10°C to 0°C) (Mann-Whitney test:
7=3.697,n =71;n,=71;p=0.0002).

Table 1. Average daily air temperature and snow depth during the sampling period at Bastak, Sikhote-Alin and Ussuriisky
State Nature Reserves and Land of the Leopard National Park (Russia)

Study site Mean air temperature, °C, M + SE” Snow depth, cm, M + SE”
Bastak State Nature Reserve (BR) -15.0+2.4 27.1+3.2
Sikhote-Alin State Nature Reserve (SAR) -4.6 +0.7 23.0+2.5
Ussuriisky State Nature Reserve (UR) -13.0+ 1.6 1.4£0.6
Land of the Leopard National Park (LLNP) -14.1+0.6 2.6+0.4

Note: M — average value, SE — standard error.

Table 2. Number of samples collected in the Bastak State Nature Reserve, Sikhote-Alin State Nature Reserve, Ussuriisky
State Nature Reserve and Land of the Leopard National Park (Russia)

Study site Number of samples in snow period | Number of samples in snowless period Total number of samples
Bastak State Nature Reserve (BR) 14 0 14 (0)
Sikhote-Alin State Nature Reserve (SAR) 56 32 95 (7)
Ussuriisky State Nature Reserve (UR) 4 3 27 (20)
Land of the Leopard National Park (LLNP) 50 11 73 (12)

Note: * — In brackets, the number of samples is added, where dating was not precise.
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Fig. 2. Average (+ standard error) FGCM level in dry Amur
tiger feces at various air temperatures. Letter «a» shows
statistically significant differences (p < 0.05) between two
points (-20°C to -10°C and -10°C to 0°C).
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The effect of the «snow level» factor over
the whole period of study and in the snowy
period was not statistically significant (F = 0.464;
df=1; p=0.500 and F = 0.000; df = 1; p = 0.99,
respectively). However, we observed a clear
tendency of a FGCM concentration increase with
the increase of snow levels from 0 cm to 60 cm
(from 761 + 105 ng/g to 1441 + 561 ng/g (n = 24—
68)). The FGCM level correlated positively with
a snow depth from 0 cm to 50 cm (k = 0.16;
p < 0.05) (Fig. 3). During a very high snow level
(exceeding 60 cm), the FGCM concentrations in
Amur tigers were low (668 + 125 ng/g (n = 3)).
These differences in FGCM concentrations were
not considerable at various snow levels.

The location (i.e. study site) significantly
affected the FGCM concentrations in Amur tigers
over the whole study period (F = 2.660; df = 1;
p = 0.050), but not in the snowy period (F = 2.307,;
df = 1; p = 0.080). The FGCM concentration was
the lowest in SAR and the highest in BR (Fig. 4).
However, differences were significant only between
SAR in comparison to the largely similar data set
size UR and LLNP (Z = 2.350; n, = 95; n, = 27;
p=0.018and Z=2.704;n, =95, n,=73; p=0.007,
respectively). It is necessary to note that weather
conditions (especially air temperature) were less
severe in SAR over the sampling period than on
the other three study sites (Table 1). To exclude
the effect of air temperature, only the samples
(n = 20), collected under the average temperature
-12.1 £ 0.5°C (similar to the other study sites (Table
1)), were used for this analysis. The average level
of FGCM in SAR in this case was 883.4 + 135.3
ng/g, and the GLM model did not show any effect
of «study site» factor on the FGCM level in Amur
tigers (F = 0.065; df = 1; p = 0.80).
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0 |
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Fig. 3. Average (+ standard error) FGCM level in dry Amur
tiger feces at various snow levels.
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Fig. 4. Average (+ standard error) FGCM level in dry Amur
tiger feces on the study sites. Designations: BR — Bastak
State Nature Reserve, SAR — Sikhote-Alin State Nature
Reserve, UR — Ussuriisky State Nature Reserve, LLNP
— Land of the Leopard National Park. Letters «a» and «b»
show statistically significant differences (p < 0.05) between
SAR and UR, letter «b» between SAR and LLNP.

Discussion

We hypothesised that Amur tigers in northern
study areas will have higher FGCM levels compared
to south areas, because we assumed lower winter
temperatures and higher snow level there. However,
this hypothesis was not confirmed. Amur tigers on
the northernmost study site (Bastak State Nature
Reserve) had higher levels of FGCM by two to three
times than on the other three study sites; however,
because of the small sample size these differences
need to be interpreted with caution. However, at
the second northern study site (Sikhote-Alin State
Nature Reserve) the FGCM level was significantly
lower than in both southern areas. This may be
explained in part by less severe weather conditions
in the Sikhote-Alin State Nature Reserve during
the sample collection period, since the average
daily temperature was 10°C higher than on the
other three study sites. In captivity, the decrease



Nature Conservation Research. 3anoseonasn nayxa 2025. 10(3): 1-10

https://dx.doi.org/10.24189/ncr.2025.014

of air temperature in winter resulted in an increase
of glucocorticoid level in Amur tigers (Ivanov
et al., 2017). It may be also explained by a more
prolonged sampling period in SAR than on the
other three study sites, which covered autumn and
spring. Earlier we described higher concentrations
of FGCM in Amur tigers in winter than in autumn
in the wild (Naidenko et al., 2011).

Moreover, on the southern sites, the
concentrations of FGCM in Amur tigers may be
affected by other factors, such as anthropogenic
disturbance  or  prey  availability/density.
Anthropogenic disturbance may lead to an
increase of FGCM levels in various mammals
(Rangel-Negrin et al., 2009), including carnivores
(Creel et al., 2002) and Amur tigers in particular
(Bhattacharjee et al., 2015; Tyagi et al., 2019). In
the Amur tiger range, the human density is higher
in the southern part of its range. This may lead to a
noticeable increase of FGCM level of «southern»
Amur tigers because of anthropogenic stress
(higher number of people, including hunters, in the
forest; more intensive traffic) (Ivanov, 2013). Food
availability and diet may also affect significantly
the level of FGCM (Goymann, 2012; Bryan et al.,
2013). The diet of Amur tigers may depend on the
preferable prey distribution in various study sites as
well as on several other factors (including climate
ones) that affect the killing rate of various prey.
Therefore, clearly estimating the effect of «study
site» was not possible because it is overlapped
with climatic conditions, among other factors.

The air or environmental temperature is an
important factor affecting glucocorticoid levels
in animals. A decrease in air temperature requires
changes in metabolic rates (an increase or decrease
depending on species) that are achieved through
changes of glucocorticoid level (Hanna et al.,
2008; Haase et al., 2016). A cold air temperature
clearly represents «stress» on a variety of animals
(Hanna et al., 2008; Novikov et al., 2015). In some
species, the glucocorticoid level increases in cold
weather to intensify heat production to retain a
constant body temperature. However, even closely
related mammal species vary in their response
to low temperatures. In contrast to Amur tigers
(Naidenko et al., 2011), Panthera uncia Schreber,
1775 and Otocolobus manul Pallas, 1776 did not
show glucocorticoid changes corresponding to
air temperature (Ivanov, 2013). These differences
support the hypothesis that the Amur tiger, as
a species that evolved in the tropics (Luo et al.,
2004) is sensitive to low temperatures (less than

-10°C according to our data). The increase of the
FGCM level in winter, which was earlier noted in
the wild (Naidenko et al., 2011) seems to be largely
a response to air temperature.

The effect of the air temperature on FGCM levels
in Amur tigers was detected during the analysis of
the whole data set, as well as for the snowy period.
The FGCM level was at a maximum when the air
temperature was lower than -20°C. Analysis of data
overall shows that the FGCM level increased when
the air temperature fell below -10°C. We did not
observe considerable changes in the FGCM level in
an air temperature higher than -10°C. The effect of
air temperatures on stress levels of other felids has
not been measured in the wild. We hypothesise that
other felids of tropical origin (e.g. Panthera pardus
Linnaeus, 1758) will respond to such conditions
similarly to Amur tigers.

The snow level is a very crucial factor for
carnivores (as well as for many other mammals)
because it influences mobility and ability to hunt
and to kill prey. Matjushkin (1978) has shown
that Lynx canadensis Kerr, 1792 and L. lynx
Linnaeus, 1758 have adapted to deeper snow
levels with broader paw size (reducing the load
pressure) and long legs. The Amur tiger males and
females average body mass is 176 kg and 118 kg,
respectively (Slaght et al., 2005), with no evidence
of a broadened paw size to reduce the strain. In
fact, the index of body mass pressure on 1 cm? in
the Amur tiger (158 g) is the highest for all felids
inhabiting the temperate climatic zone (in L.
lynx is 37 g) (Formozov, 1946). For this reason,
it is not surprising that the FGCM level in Amur
tigers slightly increased with an increase of snow
depth (requiring an increase of metabolic rate to
overcome the difficulties of movements). But, in
fact, the FGCM level decreased with the deepest
snow (i.e. more than 60 cm). We suspected that
there may be reasons to explain this effect. Firstly,
as the snow level has increased over a certain
depth level (for example, more than 60 cm) Amur
tigers begin to use forest roads and animal trails
(where snow is already trampled) more actively
to decrease the energy costs of locomotion (and
consequently decrease FGCM levels). Secondly,
the snow level also restricts the movement of
their prey (mainly, Sus scrofa Linnaeus, 1758 and
Cervus nippon Temminck, 1838). Their indexes
of body mass pressure on 1 cm? are about 800 g
and 900 g respectively (Heptner & Sludskii, 1972)
(about 5 times higher than in Amur tigers). It
means that prey species have even more problems
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with moving through the deep snow. In deep snow
winters Cervus nippon stays under trees eating
branches and moves little (personal observations
of the authors), making hunting for Amur tigers
much easier. Hence, Amur tigers can spend more
time near kills and reduce the locomotion and its
costs and corresponding FGCM levels. These two
possible explanations are not mutually exclusive,
and both may act simultaneously to decrease the
cortisol level.

We found that climatic factors (air temperature
and snow depth) have some effects on wild Amur
tigers’ «stress level», or, more correctly, on the
level of glucocorticoids (their metabolites).
Low temperatures affected the physiological
status negatively, by increasing the FGCM, and
it corresponds with the data from zoos where an
extremely low temperature led to the highest
cortisol level (Ivanov et al., 2017). The effect of
snow depth was different: it has an approximation
of a threshold at approximately 60 cm depth: when
the snow layer was less than 60 cm deep, the
deeper snow led to a higher glucocorticoid level.
However, when it became deeper, the cortisol level
decreased sharply. We assume that it is related to
the changes in hunting behaviour of Amur tigers.
Further studies may help with the estimation of
the effect of human activity, prey availability and
presence of conspecifics.

Conclusions

The hypothesis that the ambient low
temperatures will have significant effect on
glucocorticoid (FGCM) levels in the Amur tiger
(possibly, due to the species having evolved in
tropical areas) was proven largely correct. While
the temperature and snow levels affected the
FGCM concentrations as expected, demonstrating
an increase in stress in response to the increase
in difficulty of hunting and movement, we also
discovered a decrease of this index at extremely
low (-10°C) temperatures and/or in conditions of
a snow cover of more than 60 cm. We hypothesise
that the decrease of the stress factor correlates
with the periods of vulnerability and inactivity in
potential prey due to the weather conditions. The
adaptability of the Amur tiger to such conditions
requires further study for the purposes of
conservation of this threatened species.
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OmeHka ypoBHsI Onaromnoiy4us/crpecca JUKHX )KHBOTHBIX IIOMOTAET BBISIBUTH (DAKTOPBI, BIMSIONIME Ha MX
cocrosinue. Panthera tigris — BUJl, KOTOPBIHA SBOJIOLMOHUPOBAIT B Tponuyeckoil Aznn. OHAKO ero MOABH[
Panthera tigris altaica (nanee — aMypcKuil TUIp) HUBET B 3KCTPEMAJIbHBIX KIMMaTHYECKUX YCIOBHSX Ha
Hamsuem Boctoke Poccun. Llenbro HacTosmero necieaoBanus 0bu10 oneHnTh 3G ekt HU3KoI Temueparypsl
BO3/lyXa U IIyOOKOTO CHEXXHOTO IOKPOBAa KaK MOTEHIHAJIBHBIX CTpecc-(akTOpoB Ha COCTOSHHE aMypPCKUX
TUrpoB. VI3MEHEHUs! YPOBHS TIIIOKOKOPTHKOMJIOB MOTYT OBITH XOPOIIUM HHIMKATOPOM JUIsI OLICHKH YPOBHS
crpecca/bnarononyuns. Mel coopanu 209 npod 3KCKpeMEeHTOB aMypcKuX TUTpoB. [IpoOkr neprxain 3amMopo-
JKEHHBIMHU 10 MPOBEJACHUS aHalIM3a. Mbl UCHONb30BAIN MPEIBAPUTEIBHO BAJIUJUPOBAHHBIE KOMMEPUECKHE
Ha0OPBI ISl OLIEHKH YPOBHS MeTa00auToB TiitokokopTHKou10B (FGCM) B 3KCKpEeMeHTaxX aMypCKUX THUTPOB.
Ms! oniernim ypoBeHb FGCM y aMypcKUX TUTPOB Ha YETHIPEX 0C000 OXPaHSIEMbIX TPUPOAHBIX TEPPUTOPHUSIX
(OOIIT) c cesepa Ha 10T, IpeAIIoNaras, 4To oH OyeT Hanboyiee BBICOKMM Y )KMBOTHBIX Ha ceBepe (M3-3a Mo-
TOJIHBIX YCIIOBHI 3MMOI). MBI HEe BBISIBWIN JOCTOBEPHBIX paszianuuil B koHueHTrpanuun FGCM B 3aBucuMoctn
ot mecropacnonoxenust OOIIT. Oquaxko oH KOppenupoBall ¢ KIMMaTHYECKUMH YCIOBUSIMH B 3THX reorpadu-
YECKUX TouKax. TeMmeparypa Bo3dyxa CyIleCTBEHHO Biusia Ha ypoBeHb FGCM y aMypcKuX TUTPOB Kak Ha
MIPOTSDKEHNH Beero nepuona uccuenosanuii (p = 0.043), tak u B cuexxnblid nepuox (p = 0.028). Mbl nonaraem,
YTO HU3KHE TEMIIEpaTypbl OKPYXKAIOIIETO BO3/1yXa MOIVIM IPUBOJUTD K YBEIMYEHUIO CKOPOCTH MeTaboIM3Ma
y Takoro TPOMHYECKOIo BHJA, KAK aMypCKHil TUrp. BelcoTa CHEXXKHOTO MOKpPOBA HE BIMsIAa JOCTOBEPHO Ha
ypoBeb FGCM. OnHako Obula BbISIBICHA IIO3UTHBHAS CBS3b MEX/y YPOBHEM I'OPMOHOB M INTyOMHOI! CHera.
[Tpu sKCcTpEeMabEHO BBICOKOM CHEXXHOM ITOKpoBe ypoBeHb FGCM y aMypcKuX THIPOB ObUT HU3KHM, YTO MOTJIO
OBITH CBsI3aHO C M3MEHEHHSIMH B XapakTepe nepemerneHuid 1 3phekTuBHOCTH 0XOThl. OrpeeneHne ypoBHs
FGCM — 570 3¢ QeKTUBHBIN MOIX0/ /ISl OLEHKH (PU3UOIOTHIECKOTO CTaTyca aMypCKUX TUTpoB. OTHAKO TeM-
repaTypa Bo3JlyXa MOXET JOCTOBEPHO BIIHMATH Ha 3TOT ITOKa3aTeilb y aMypCKOro TUTpa (TPOIMYECKOTO BH/A),
YTO He0OXOAMMO MPUHUMATH BO BHUMAaHUE ITPH HHTEPIIPETALlUU PE3yIIbTaTOB.

KiroueBble ciioBa: reorpaduueckue pasnnuus, NIyOMHA CHera, KOPTU30Jl, MOHUTOPHHT TOPMOHOB, TEMIIe-
parypa Bo3ayxa
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