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Climate change exerts a substantial influence on ecological processes, particularly affecting the timing of
bird migration. One of the most visible impacts is the shifting of both arrival and departure dates for migra-
tory birds. These changes are not isolated events but are part of broader patterns that have been observed
over time. Long-term studies are essential for identifying these trends, as they provide the data needed to
evaluate how various climatic factors shape the behaviour of migratory species. In this study, data have
been collected over many decades from three Protected Areas in the centre of European Russia (Moscow
Region, Ryazan Region, and Republic of Mordovia) and analysed to assess the long-term migratory shifts
in Grus grus (hereinafter — Eurasian crane). Compared to the Mordovia State Nature Reserve (t = -0.10,
p = 0.43), spring arrival of Eurasian cranes shifted to earlier dates in the Crane Homeland Sanctuary (t =
-0.32, p < 0.05) and Oka State Nature Reserve (t =-0.35, p < 0.05). Similarly, departure dates from breed-
ing grounds shifted to later in the Crane Homeland Sanctuary (t = 0.56, p < 0.05) and Oka State Nature
Reserve (t = 0.28, p < 0.05), but not in the Mordovia State Nature Reserve (t = 0.09, p = 0.37). At the
same time, the arrival dates in Oka State Nature Reserve were earlier, and the departure dates were later
compared to the other two Protected Areas. Changes in their arrival have started happening earlier than in
their departure. We evaluated the species’ responses to temperature, precipitation, and other factors that
influence its migratory behaviour. The analysis was conducted using Boosted Regression Trees, which al-
lows us determining the relative contribution of each factor to explain the variability in migration timing.
Earlier arrival is associated with climate warming, i.e. an increase in winter and early spring temperatures.
The sum of temperatures from 01 March to the arrival date (47.7%) had the highest influence on the timing
of arrival. Notably, the precipitation has a higher influence on Eurasian crane departure, but temperature
has more influence on their arrival. The amount of precipitation in September (10.3%) had an influence on
the timing of departure comparable to that of the average temperature in August (12%). The staying time
of Eurasian crane in the breeding areas has also increased. Despite regional differences, trends in migratory
changes in all three regions are moving in a similar direction.
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Introduction

The increase in the average temperature of the
Earth surface is driving regional and seasonal tempera-
ture extremes, reducing snow cover and sea ice and as a
consequence leading to the earlier occurrence of many
spring events in temperate zones that have distinct sea-
sonal periodicity (Cohen et al., 2018). It is changing
the developmental phenology of plants, in particular,
their leafing and flowering, shifts the beginning of the
insects’ active phase to earlier dates, and considerably
changes the temperature conditions (Thackeray et al.,
2016; Hallfors et al., 2024). Either directly or indirect-
ly, these changes also affect organisms at higher levels,
including migratory birds (Bourski, 2021).
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In the Northern Hemisphere, climate warming
shifts the migration timing to earlier dates in many
bird species (e.g. Geetal.,2015; Sokolovetal.,2017;
Cohen et al., 2018; Héllfors et al., 2020; Romano et
al., 2023). Trends of shifts in their arrival time to the
breeding grounds are highly impacted by the geo-
graphic features of a region. The Atlantic Ocean is
known to strongly influence surrounding continents.
In many countries of Western Europe, some regions
of Eastern Europe, Scandinavia, and northwestern
Russia, the arrival of migrating birds correlates with
changes in weather patterns, in particular, the North
Atlantic Oscillation index (hereinafter - NAO) (Le-
hikoinen et al., 2019; Lawrence et al., 2021). On the
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other hand, in the centre of European Russia, Urals
and Western Siberia, there is basically no correla-
tion between the NAO index, migration phenology
and breeding ecology (Gordienko & Sokolov, 2006;
Volkov et al., 2013; Ryzhanovsky & Gilev, 2020).

In many European regions, Grus grus (Lin-
naeus, 1758) (hereinafter — Eurasian crane) have
started to arrive to their breeding grounds several
weeks earlier in spring (Lundgren, 2012; Prange,
2012; Salvi, 2012; Volkov et al., 2013). Similarly,
their autumn migrations have shifted to later dates
(Prange, 2012; Volkov et al., 2017). Warmer winter
makes the Eurasian cranes cover shorter distances
between their wintering and breeding areas on both
the West-European flyway and the Russian-Pontic
flyway (Nowald et al., 2012; Salvi, 2012; Shanni et
al., 2018). These trends have also been observed in
other migrant birds (Visser et al., 2009). The tim-
ing of seasonal migrations may be influenced by
various factors, including climate change (Prange,
2012; Salvi, 2012; Volkov et al., 2017), population
dynamics (Both et al., 2006; Valtonen et al., 2017),
and widespread implementation of new agricul-
tural practices (Shanni et al., 2018). A well-known
example is the Eurasian crane in the Hula Valley in
Israel. Since 1980, the number of Eurasian crane
individuals wintering in the Hula Valley has in-
creased from 100 to 35 000 by 2010 due to changes
in agriculture, with migration dates shifting earli-
er and the duration of their stay becoming longer
(Shanni et al., 2018).

After creating shallow wetlands and a feed-
ing station for Eurasian cranes, and after habitat
transformations on their traditional wintering areas
in Ethiopia, the Eurasian cranes became numerous
in Israel (Grinchenko et al., 2018; Shanni et al.,
2018). In some years, Eurasian cranes winter in the
southern regions of Russia and Ukraine (Andry-
ushchenko et al., 2003, 2006; Malovichko, 2018),
where the most important migratory stopovers of
the Eurasian cranes breeding in European Russia
are located (Ilyashenko et al., 2022; Sviridova et
al., 2023). Some changes in migration phenology
may be explained by factors other than changes in
habitat or climate conditions.

The present study is aimed to analyse for the
first time the timing of arrival and departure of
Eurasian cranes simultaneously in three Protected
Areas in the centre of European Russia, where
monitoring has been conducted for many decades.
The main objectives of this research were: (1) to
study the shift in the timing of the migration of
Eurasian crane in the Moscow Region, Ryazan
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Region and the Republic of Mordovia over a long
period; (2) determine the dependence of changes
in arrival and departure timings on weather condi-
tions; (3) assess the contribution of each factor on
arrival and departure times.

Material and Methods

The study areas are located in three large Pro-
tected Areas in the centre of European Russia, name-
ly Crane Homeland Sanctuary (CHS) (56.7553° N,
37.7974° E), Oka State Nature Reserve (OSNR)
(54.7500° N, 40.7500° E), and Mordovia State Na-
ture Reserve (MSNR) (54.8167° N, 43.3333° E)
(Fig. 1). These areas were chosen due to the long-
term observations of Eurasian cranes conducted in
each of these areas, which, consequently, resulted in
avast series of data on the species’ first and last sight-
ings. The first sightings in the OSNR were recorded
in 1938-2020 (n = 83) in spring, and in 1951-2020
(n = 66) in autumn. In the MSNR, spring observa-
tions covered the period of 1985-2020 (n = 34),
while autumn observations covered the period of
1936-2020 (n = 52). In the CHS, both seasons were
observed in 1994-2020 (n = 27).

The meteorological data were obtained from
the closest meteorological stations. Tver Meteoro-
logical Station Ne27402 is located 100 km to the
west from the CHS. Its data were used to analyse
the migration timing in the CHS. Elatma Meteoro-
logical Station Ne27648 is located 65 km from the
OSNR and 100 km from the MSNR. Its data were
used to analyse the Eurasian crane migration tim-
ing. Meteorological station data were taken from
several sources, such as NOAA Climate Prediction
Centre (https://www.cpc.ncep.noaa.gov), Weath-
er and Climate (https://www.pogodaiklimat.ru),
Thermo.Karelia (https://thermo.karelia.ru), and
Weather Schedule 5 (https://rp5.ru).

In spring, the first groups of Eurasian cranes
arrive in southern Russia and Ukraine in late Feb-
ruary and gradually move northwards (Winter et
al., 2017). In this context, the relationship between
arrival dates and weather conditions in February
and March was analysed. The following meteoro-
logical factors were used as predictors influencing
the timing of Eurasian crane arrival: average and
minimum daily temperatures, February and March
precipitation, sum of average daily temperatures
from 01 March to the day of the actual arrival,
date of transition of minimum daily temperatures
above 0°C, average temperature of the second half
of March, date of the snow cover melting away.
Starting in August, Eurasian cranes in the studied
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areas begin forming autumn congregations, whose
composition changes as individuals from more
northern areas join and others depart for different
staging areas (Markin, 2013). These congregations
are observed until October (Markin, 2013; Volkov
et al., 2017). Therefore, the relationship between
the onset of autumn migration and weather con-
ditions from August to October was analysed.
Meteorological factors influencing the departure
timing of Eurasian cranes are as follows: average
daily and minimum temperatures in August and
September, sum of precipitation in August, Sep-
tember and October, date of transition of average
daily temperatures below 0°C, average tempera-
ture in the second half of September, sum of days
with precipitation in September and October. We
chose temperature and precipitation as weather pa-
rameters, as these are commonly used to explain
migration timing (Salvi, 2012; Lehikoinen et al.,
2019; Orellana-Macias et al., 2020; Ryzhanovsky
& Gilev, 2020). Additionally, parameters such as
the sum of temperature from 01 March to the ar-
rival date and the transition of temperature through
0°C characterise the overall development of spring
and autumn (Halkka et al., 2011).
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The statistical analysis was performed using
R studio 4.3.0 software (R Core Team, 2023). The
trend of long-term changes in the Eurasian crane
departure and arrival, as well as weather factors,
was estimated using the Mann-Kendall test (1) in
the «trend» package (Pohlert, 2018).

We used a machine learning technique for esti-
mation of various meteorological factors that influ-
ence the arrival and departure dates. This technique
is in contrast to traditional model and fits where
the parameters are often estimated based on the as-
sumption of linear and additive relationships. This
technique assumes that the relationships between
predictor and response variables are complex, so it
determines the relative importance of various pre-
dictors by including nonlinear and interactive re-
lationships, as well as validating the models (Elith
et al., 2008). To create the models, we used boosted
regression trees (BRT) using the gbm (ver. 2.1.3)
package (Ridgeway, 2020) in R. We fitted the mod-
els with the combinations of the settings, such as
bagging fraction of 0.5, and learning rate of 0.005,
to build at least 2000 trees. These models contained
meteorological factors, the geographic locations of
the study areas and the year of the study.
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Fig. 1. Geographical locations of three Protected Areas in the centre of European Russia where data on the departure and arriv-
al dates of Eurasian cranes (Grus grus) were collected. Red polygon — Crane Homeland Sanctuary, blue polygon — Oka State
Nature Reserve, green polygon — Mordovia State Nature Reserve.
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While creating the models, all dates were con-
verted to the number of days before the event day.
So, the arrival dates were calculated as the sum
of days from 01 March to the actual date of arriv-
al. The dates of the last Eurasian crane sightings
were converted into a numerical value as the sum
of days from 01 September to the actual depar-
ture date. The date of snow cover melting and the
transition of minimum temperatures above 0°C in
spring were calculated as the sum of days from 01
March to the event date. The date of temperature
dropping below 0°C in autumn was calculated as
the sum of days from 01 October to the day when
the temperature dropped below 0°C.

We created two models. The first model con-
tained the arrival date as response variable. The
second model contained the departure date as re-
sponse variable. Meteorological factors influenc-
ing the study areas, the arrival dates in the first
model and departure dates in the second model,
were used as predictors.

To analyse the dependence of arrival and de-
parture dates on the geographic location of the
study areas, we created two generalised linear
models (GLM) with log-link function and Poisson
error distribution. To fit the models, we used the
«lme4» package (Bates et al., 2015) in R. We used
the arrival date as response variable in the first
model, and the departure date as response vari-
able in the second model. The post-hoc test (PHT)
based on the tested model was used to compare
dates of arrival and departure at different study
sites. To run the PHTs, we used the «lsmeans»
package in R (Lenth & Lenth, 2018).

Results

Timing of the Eurasian crane arrival

In the CHS, the first dates of Eurasian cranes
arrival varied from 23 March to 12 April; or 05
April = 27 April — 07 April (median + 25%) on
average. The earliest arrival of Eurasian cranes
in the OSNR was recorded on 04 March dur-
ing various years caused by World War II, spe-

cifically in 1943 and the post-war period of
1946. Since these records may be a research er-
ror, these dates are excluded from our calcula-
tion. On average, the first sightings of Eurasian
crane were observed in the OSNR on 30 March
+ 24 March — 02 April, and varied between 12
March and 10 April. The first sightings of Eur-
asian crane in the MSNR were recorded from 13
March to 15 April, or 04 April + 30 March — 06
April on average.

A significant trend of arrival time shifting to
earlier dates was recorded in the CHS (t = -0.32,
p < 0.05) and the OSNR (1 = -0.35, p < 0.05).
However, no trend is significant in the MSNR
(t=-0.10, p = 0.43) (Fig. 2).

Timing of the Eurasian crane departure

The last sightings of Eurasian crane in the
CHS varied from 20 September to 24 October, or
01 October £ 28 September — 05 October on aver-
age. In the OSNR the last sightings varied from
02 September to 01 November, or 11 October + 03
October — 19 October on average. In the MSNR
the last sightings were recorded on 25 September
+ 15 September — 04 October on average, varying
from 02 September to 30 October. All dates of the
latest sightings in three study areas were recorded
only in the last five years of observations, namely
2019 for the CHS, 2015 for the OSNR, and 2018
for the MSNR. A significant shift in departure
dates was found in the CHS (t = 0.56, p < 0.05)
and in the OSNR (1 = 0.28, p < 0.05). However,
no trend was significant in the MSNR (t = 0.09,
p =0.37) (Fig. 3).

According to GLM results, the study areas
are interconnected with the timing of arrival and
departure. Its pairwise comparison among the
study areas showed that the arrival time in the
CHS and MSNR was similar, while the arrival to
the OSNR occurred earlier (Table 1). In autumn,
Eurasian cranes leave the OSNR later, compared
to Eurasian cranes from the other two study ar-
eas (Table 1).

Fig. 2. Changes in the timing of Eurasian crane (Grus grus) arrival to the Crane Homeland Sanctuary (CHS), Oka State Na-
ture Reserve (OSNR), and Mordovia State Nature Reserve (MSNR).

Arrival Departure
Comparison of areas
PHT + SE p PHT + SE p
CHS — MSNR -04+1.7 0.97 6.4+27 0.05
CHS - OSNR 47+1.5 <0.01 -92+2.6 <0.01
MSNR — OSNR 51+14 <0.001 -15.6+2.1 <0.001

Note: p — significance level, PHT — Tukey Post-Hoc test.
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Fig. 2. Changes in the timing of Eurasian crane (Grus
grus) arrival to the Crane Homeland Sanctuary (CHS),
Oka State Nature Reserve (OSNR), and Mordovia State
Nature Reserve (MSNR).

Changes of weather conditions

In the CHS only the minimum temperature in
February (1t = 0.36) and March (1 = 0.28) had a posi-
tive trend (Appendix 1). The average temperature
(February: T = 0.25; March: T = 0.43) and minimum
temperature (February: t = 0.21; March: T = 0.21),
as well as precipitation in February (t = 0.17) and
March (t = 0.19) had a statistically significant posi-
tive growth trend in the OSNR and MSNR. We re-
vealed a significant trend (t = -0.22) of earlier snow
melting in the OSNR and MSNR.

The weather analysis in the autumn showed
that only the minimum temperature in September
had a positive trend (t = 0.38) in the CHS. Statisti-
cally significant trends in autumn weather were not
found in the OSNR and MSNR (Appendix 1).

The weather factors influence

According to modelling results, the sum of tem-
peratures from 01 March to the date of arrival largely
influenced the date of arrival (Table 2). The Eurasian
cranes arrive earlier when the sum of temperatures
from 01 March to the date of their actual arrival rises
above 0°C (Fig. 4). Additionally, their arrival was
influenced by the average March temperature and
the geographical location of study areas. With aver-
age March temperature and average temperature ap-
proaching 0°C in the second 10 days of March, the
arrival dates were earlier (Fig. 4). The average Feb-
ruary temperature and the amount of precipitation in
February had almost the same effect on dates of Eur-
asian crane arrival (Table 2). The earliest arrival was
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Fig. 3. Changes in the timing of Eurasian crane (Grus grus)
departure from the Crane Homeland Sanctuary (CHS),
Oka State Nature Reserve (OSNR), and Mordovia State
Nature Reserve (MSNR).

recorded at -2.5°C in February. The latest arrival was
recorded at -12°C. The significance estimations for
the remaining factors were less than 5%.

Table 2. Ranking of the influence (%) of predictor variables
according to the final boosted regression tree models on the
timing of Eurasian crane (Grus grus) arrival and departure

Predictors irﬁ?ﬁ;}gf (oo/i)
Eurasian crane arrival

Sum of temperatures from 01 March to the date of arrival 47.7
Average temperature in March 7

Study area 6.9
Average temperature in the second 10 days of March 6.4
Average temperature in February 53
Amount of precipitation in February 5.3
Year 4.6
Amount of precipitation in March 4.5
Minimum temperature transition above 0°C 3.8
Minimum temperature in February 35
Minimum temperature in March 2.5
Number of days until the snow melts 2.5

Eurasian crane departure

Year 15.1
Average temperature in August 12

Amount of precipitation in September 10.3
Average temperature in September 8.7
Temperature transition below 0°C 7.8
Study area 7.7
Amount of precipitation in October 7.5
Amount of precipitation in August 6.4
Average temperature in the second half of September 5.6
Minimum temperature in August 5.6
Number of days with precipitation in October 5

Minimum temperature in September 4.8
Number of days with precipitation in September 3.5
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Fig. 4. The relative influence of four main predictors influencing Eurasian crane (Grus grus) arrival. Designations:

a — relative influence of temperature sums from 01 March to

the date of arrival (47.7%) in the final model; b — relative

influence of the average March temperature on the arrival date (7.0%) in the final model; ¢ — relative influence of the
study area on the arrival date (6.9%) in the final model; d — relative influence of the average temperature of the second
10 days of March on the date of arrival (6.4%) in the final model; CHS — Crane Homeland Sanctuary, OSNR — Oka State

Nature Reserve, MSNR — Mordovia State Nature Reserve.

The modelling results showed a high sig-
nificance of the positive trend in the changes in
departure date in all three study areas at once
(Table 2). This trend has been leaning towards
later departure dates since the second half of
the 1970s (Fig. 5). The average temperature
in August is the second factor with high influ-
ence. Earlier departure was observed when the
average August temperature decreased below
17.5°C, and increased above 12°C in Septem-
ber (Fig. 5). With high precipitation and low
average temperatures in September, departure
dates were later. The transition of average daily
temperature below 0°C had a relative influ-
ence about 7.8%. In autumn with the late onset
of frost, the departure of Eurasian cranes was
delayed (Table 2). Average temperature and
amount of precipitation in August and Septem-
ber had a higher influence than minimum tem-
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perature and the number of days with precipita-
tion in these months.

Discussion

The spring arrival of the Eurasian crane has been
shifting to earlier dates in two study areas. In the Oka
State Nature Reserve, the shift began to appear only
in the 1970s (Kondrakova et al., 2019). But the cor-
relation between arrival and weather conditions was
not identified for the period of 1938-1990 (Markin,
2013). However, the relationship between the arrival
of the first Eurasian cranes and the sum of tempera-
tures by the date of their arrival, as well as the av-
erage temperatures of March and February became
clear after introducing current data to the research.
Moreover, the sum of temperatures from 01 March
to the date of the actual arrival has the strongest in-
fluence. The influence of the average March temper-
ature was also proven in Estonia (Leito et al., 2006).
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date (8.7%) in the final model.

The influence of the temperature transition
through 0°C on the arrival dates was noted in pre-
vious studies in the CHS and the OSNR (Markin,
2013; Volkov et al., 2013). In the CHS, the trend
of earlier arrival continues, despite the fact that
warming in the region has been less pronounced
over the last decade and the trend of earlier tran-
sition of average daily temperatures through 0°C
can be no longer confirmed statistically (Volkov
et al., 2024). It is obvious that the timing of mi-
gration is heavily affected by the previous experi-
ence of the birds.

In the centre of European Russia, Eurasian
cranes breed in wetlands, building nests on the
ground, usually, in areas surrounded by water
(Johnsgard, 1983; Leito et al., 2006; Markin,
2013). During the non-breeding period, Eurasian
cranes use shallow water and marshy areas for
roosting (Leito et al., 2006; Markin, 2013). Thus,
the water-related predictors, such as the precipita-
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tion amount, water level and dates of snow melt-
ing, are expected to play an important role in the
life of the species, both at their breeding and win-
tering areas.

The number of days before the snow melts
away has less influence on the timing of arrival.
In early studies carried out in the OSNR in the
period 1938-1990, a relationship between snow
depth, the date of snow melting and arrival of the
first Eurasian cranes was not identified (Markin,
2013). In the CHS, the connection between snow
melting and the arrival of Eurasian cranes is well
established (Volkov et al., 2013). On the breeding
sites in Estonia, this connection was also discov-
ered (Leito et al., 2006).

In addition, we found differences in the de-
parture dates of Eurasian crane between the three
study areas. In the OSNR, noticeable changes in
average departure dates have begun to appear
since the 2000s (Kondrakova et al., 2019). The
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composition of the Eurasian crane flocks is not
constant, since individuals can move from one
staging area to another, and at the beginning of
the autumn season, they may deviate from the
main migration route (Gavrilov, 1979). There-
fore, we do not exclude the possibility of a con-
nection study areas, particularly between OSNR
and MSNR, which are less than 150 km apart.
Currently, it is unclear how exactly Eurasian
cranes move from northern areas to their winter-
ing grounds and which stopover sites are used.
However, based on studies conducted in Fen-
noscandia (Hansson et al., 2024), we can assume
that flocks in study areas may include individu-
als from more northern breeding grounds. In the
CHS, flocks of over 1000 individuals are formed
in autumn (Grinchenko et al., 2018). In the vi-
cinity of the OSNR, flock size can reach up to
500 individuals (Markin, 2013), while less than
50 km to the north, a large aggregation of about
5000 individuals has been observed, with likely
exchanges of individuals between these staging
areas. Meanwhile, the distance from the MSNR to
this large aggregation exceeds 100 km, and flocks
of up to 200 individuals are observed in surround-
ings of the MSNR (Grishutkin, 2011). The earlier
departure dates of Eurasian crane from MSNR
and the lack of a significant shift in departure tim-
ing are likely associated with their movement to
larger aggregations.

The identified differences in migration tim-
ing among the three Protected Areas require fur-
ther study. We can assume that the high density
of breeding pairs in OSNR, one of the highest in
Russia (Markin, 2013), forces Eurasian cranes
to arrive earlier to secure their breeding areas.
The differences in the timing of autumn migra-
tion between the study areas may be caused by
the specifics of agricultural practices, which vary
considerably from farm to farm. The use of more
modern equipment can result in fewer grain resi-
dues left in the fields, reducing the availability of
food resources for Eurasian crane. However, all
these assumptions require further investigations.

Our results showed that the average daily tem-
perature in September and August also influences
the departure date of Eurasian cranes. On average,
Eurasian cranes depart later at higher temperature
in August and lower temperature in September.
In a previous study, carried out in the CHS, the
relationship between departure dates and average
temperatures in September and October was not
found at all (Volkov et al., 2017). However, it was
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discovered that departure depends on the average
temperature of the second half of September, the
sum of precipitation and the number of days with
precipitation (Volkov et al., 2017). After adding
the data from the other two areas, we found a re-
lationship between departure dates and precipita-
tion amount.

At wintering grounds and migration stop-
overs, the influence of weather factors is not
always the same. At the migratory stopover of
Eurasian cranes in Hungary, the dependence of
their arrival on the average monthly temperatures
from December to March was recorded (Végvari
& Kovacs, 2012). The same trend was observed
in southwestern Europe (Orellana-Macias et al.,
2020). At two of the three migration stopovers in
France, temperatures had no effect on the depar-
ture of Eurasian cranes, while at the third migra-
tion stopover, as well as in Germany, the effect
of the average March—April temperatures was
well expressed (Filippi-Codaccioni et al., 2011).
Arrival to wintering grounds in southwestern Eu-
rope depends on precipitation and water level, but
departure from wintering grounds is not regulated
by these factors (Orellana-Macias et al., 2020).

Conclusions

Thus, we demonstrated a steady shift in the
timing of Eurasian crane arrival to earlier dates
in three Protected Areas in the centre of Euro-
pean Russia, as well as a shift in their departure
to wintering grounds to later dates. Their stay in
the breeding areas has also increased. Changes
in the timing of spring migration has manifested
earlier than the autumn changes. An earlier ar-
rival in spring is associated with continuing cli-
mate warming, specifically, with increasing win-
ter and early spring temperature. The influence of
precipitation on migration is more pronounced in
autumn. However, in spring, the temperature pre-
dictors are of greater importance. Despite the re-
gional peculiarities, the trends in Eurasian crane
migration changes in all three Protected Areas are
heading in the same direction.
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Appendix 1. The trend of long-term changes in weather parameters calculated using the Mann-Kendall
test (1) in the Crane Homeland Sanctuary (CHS), the Oka State Nature Reserve (OSNR), and the Mordo-
via State Nature Reserve (MSNR).

p OSNR and MSNR CHS
arameters
T p-value T p-value
Temperature transition below 0°C 0.11 0.16 0.24 0.08
Average temperature in
February 0.25 <0.01 0.17 0.22
March 0.43 <0.001 0.14 0.31
August 0.003 0.97 0.25 0.07
September 0.15 0.06 0.19 0.17
Second half of September 0.11 0.17 0.20 0.15
Minimum temperature in
February 0.21 0.01 0.37 0.01
March 0.21 <0.01 0.28 0.04
August 0.03 0.66 0.16 0.24
September 0.04 0.64 0.38 0.01
Amount of precipitation in
February 0.17 0.02 -0.21 0.14
March 0.19 0.01 0.17 0.21
August 0.13 0.08 0.01 0.95
September 0.06 0.47 -0.03 0.87
October 0.11 0.14 -0.11 0.42
Number of days

with precipitation in September -0.12 0.14 0.25 0.08
with precipitation in October -0.05 0.57 0.22 0.12
until the snow melts -0.22 <0.01 -0.10 0.50
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V3ameHeHne KnmMara OKa3bIBAET 3HAYMTENBHOE BIMSHHE HA SKOJIOTMYECKHE MPOILECCHl, B TOM YUCIIE Ha CPOKU
murpanuu ntun. OmTHAM U3 HanOosee 3aMEeTHBIX MOCIECTBHM SIBISIETCS CMEIIeHHE [aT NPUJIeTa U OTJIeTa repe-
JIETHBIX ITHUI. DTN U3MEHEHHS HE TPOUCXOST OT/IEIBHO, a SIBIAIOTCS JacThI0 00JIee IMMPOKUX MPOIIECCOB, HAOIIO-
JaeMbIX Ha MPOTSHKEHUH JOJITOTO BpeMeHH. J{oIrocpouHble NCCIIEN0BaHNS BaXKHBI IS BBISIBICHUS 3THX TCHACH-
HI/Iﬁ, TaK KaK OHU TPECAOCTABJIAIOT JaHHBIC, HeOGXOI[I/IMBIe JJIA TIOHMMaHUWs TOTO, KaK pa3JIMYHbIC KIIMMaTHYCCKHUC
(baKkTOpBI BIMSIOT HA MOBEJECHHE MHUTPHPYIOUIMX BUIOB. B naHHOH paboTe Ha OCHOBE JaHHBIX, COOpaHHBIX 32
MHOTHE JIeCATHIICTHS Ha TePPUTOPUH TPEeX pPernoHoB LieHTpa EBpomneiickoit Poccun (MockoBckoi obnacrtu, Ps-
3aHCKOl oOnactu n Pecrryoinkun MopoBust), IpoaHIM3UPOBAHBI MHOTOJIETHHE TEHACHIMH M3MEHEHUS! CPOKOB
npritera u owieta Grus grus (1anee — cephlil )KypaBib). BeceHHmMIT prIteT cephIX JKypaBliei cMecTHICS Ha Ooree
panHHEe cpokH B 3akazHuKe JKypasnuHas poauHa (T =-0.32, p <0.05) u B OKCKOM rocy1apCTBEHHOM 3aIIOBEJHUKE
(t =-0.35, p < 0.05). B Mop0BCKOM TOCYIapCTBEHHOM 3allOBEIHHKE TPEHI ObLI He3HauuTelbHbIH (T = -0.10,
p = 0.43). Omer ¢ MecT THE3OBaHMs CMECTHIICS Ha 0oJiee MO3HUE CPOKU B 3aKa3HUKe JKypaBmuHas pojwHa
(t=0.56, p <0.05) u B OxckoM rocymapcTBeHHOM 3anoBenauke (T = 0.28, p < 0.05), Ho B MopaoBckoM rocyaap-
ctBeHHOM 3amnoBenHuke (T = 0.09, p = 0.37) crarucTrdeckr 3HAYUMOTO TPEH/Ia He BBIIBICHO. VI3MEHEHHS CPOKOB
MIPUJIETa HAaYWHAIH TPOMCXOIUTh paHblle, YeM omiera. [Ipu aTom cpokn mpurera B OKCKHH TOCyapcTBEHHbINH
3all0BEAHUK Oonee paHHME, a OTIeTa Oonee MO3HUE [0 CPABHEHHUIO C IByMs APYTHMMH TeppuTopusmu. OneHeHa
peakius BUIa Ha TeMIIeparypy, OCaaKu U Apyrue hakTopbl, BIUSIONINE HA MUTPAIIMOHHOE oBeAeHue. 11 aHam-
3a OCTPOEHBI MozieNy boosted regression trees, KOTOpbIE TTO3BOJISIOT OITPEETUTh OTHOCUTENBHBIN BKJIa/1 KaXKJ0T0
(baxTopa B 00BsICHEHHE H3MEHUYMBOCTH CPOKOB MHUTpaLiiy. bosee paHHMI IpHiIeT oKa3alcs CBs3aH ¢ HOTEIICHHEM
KJIMMarta, ¢ MOBBIIICHUEM TeMIIepaTyp 3UMOH 1 paHHel BecHOW. Hanborplee BIMsIHIE Ha CPOKH TIPHUIIETA OKa3bl-
BaJla CyMMa TEMIIEpaTyp ¢ IEepBOro MapTa 0 Aarel mpuieta (47.7%). Ocangkn oka3bpIBaiy OONbIIEe BIUSHAC HA
CPOKH OTJIETa CEpPBIX XKypaBieH, a TeMIepaTypa BiIusIa Oobllle Ha cpoku mpuiera. CymMMa 0CaikoB B CEHTOpe
(10.3%) oxasbIBasa BIMSAHHE HA CPOKHU OTJIETA, COMIOCTABIMOE CO CpefHeH Temmeparypoii arycra (12%). Bpems
NpeOBIBaHUS B MECTAX THE3/I0BaHMS TaKXKe yBEIMUMIOCh. HecMOTpst Ha pernoHaibHbIe Pa3iuybs, TEHICHIN B
MHTPalMOHHBIX U3MEHEHHSIX Ha BCEX TPEX M3YUYEHHBIX TEPPUTOPHSIX CXOXKH.
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