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Abstract—A significant correlation between the beginning of the formation of migratory congregation and the
ultimate transition of minimal daily temperatures below 10°С was revealed (rs = 0.52, p < 0.02). Departure of
common cranes from the north of Moscow Region usually occurs between September 15 and October 15, on
28.09 ± 5 days on average. A significant trend for the shift of this event to later dates (rs = 0.66, p < 0.002) was
apparent from the data collected during 19 years (in 1994–2012). The date of departure of the cranes is
affected by the ultimate transition of minimal daily temperature below 0°С (rs = 0.64, р < 0.003), the abundance of precipitation (rs = 0.49, р < 0.03), and the number of days with precipitation (rs = 0.51, р = 0.026).
Cranes stayed at the migratory autumn stopover for longer periods during rainy seasons.
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INTRODUCTION
Climate change, and climate warming in particular, can have considerable effects on different stages of
the life cycle in birds. Two large areas with positive
trends of annual temperature change are located in
Eurasia; the rate of annual temperature increase in
these areas exceeds 0.4°С per 10 years (Sherstyukov,
2012). One of these areas includes the entire Eastern
Europe and the Middle East and extends to the adjacent regions of North Africa. The increase of average
daily temperatures and earlier melting of the snow
cover during spring in the temperate zone of the
Northern Hemisphere promotes an earlier beginning
of plant growth and an earlier increase of the activity of
insects that serve as the major food source for most
bird species (Crick, 2004; Walther et al., 2002; Hansen
et al., 2006). An earlier advent of spring brings about
an earlier arrival of migratory species (Sokolov et al.,
1999; Marra et al., 2005; Sokolov 2006; Jonzen et al.,
2006; Zalakevicius et al., 2006; Palm et al., 2009; Tottrup et al., 2010; Volkov et al., 2013), and sometimes
enhances the success of breeding in birds (Both et al.,
2005; Guillemain et al., 2013). Climate changes in our
study area were manifested as the increase of average
temperature of some winter and summer months, shift
of the dates of transition of the daily temperatures
through 0°С and 5°С, and earlier melting of the snow
cover. As a result, the arrival time of the common
crane changed (Volkov et al., 2013).

It is still unclear whether earlier arrival of the
migrating birds leads to a shift of the reproduction
period to earlier dates and to a related shift of the
beginning of the autumn migration or the latter could
be entirely determined by the specific weather and climate conditions in the breeding area. The results of
research on this phenomenon are controversial, but a
common trend is apparent: birds that migrate over
large distances tend to leave the breeding areas earlier
than during the first half of the 20th century. On the
other hand, birds that migrate over short distances
leave the breeding areas later (Cotton, 2003; Jenni and
Kery, 2003; Beaumont et al., 2006; Tottrup et al.,
2006; Mezquida et al., 2007; etc.).
Climate change can affect the beginning and duration of the autumn migration of birds, as well as the
distribution of birds within the wintering range
(Sokolov et al., 2001; Austin and Rehfisch, 2005;
Sokolov 2006; Grishchenko, 2010). The shift of the
wintering areas towards the north (closer to the breeding areas) was observed for the common crane, and
the distance of migration was thus reduced (Prange,
2008, 2011). The decrease of the time of migration due
to reduction of the distances between wintering sites
and breeding sites should presumably lead to an
increase in the length of the stay of the birds within
their breeding areas.
The main tasks of the present study consisted in the
clarification of the following issues: (1) whether the
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timing of the autumn migration of the common crane
through the north of Moscow Region changed within
the two past decades and how this relates to weather
and climate changes in the study area; (2) the nature of
the external factors associated with different stages of
migration activity in the common crane; (3) whether
the duration of the stay of the common crane in the
breeding areas and at the migration stopovers has
changed.
MATERIALS AND METHODS
The study area was located in the north of the Moscow Region (in Taldom and Sergiev-Posad districts)
in the southern part of the Upper Volga lowland, at the
border of the Dubna lowland and the Taldom hills
(56°45’ N, 37°45’ E). The geological structure of the
area differs from that of the surroundings, and the
same is true for ground and surface water regimen, the
composition of soil and vegetation cover, and the considerable diversity of the fauna. Human activity in the
area dates back to the distant past; however, a large
part of the area is still covered by forests and marshland (Rechan et al., 1993). The most significant economical transformations in the area (drainage engineering, reduction of marshland area, abandonment
of villages, and the increase of field size in the middle
of the past century, as well as a sharp drop in agricultural activity at the end of the past century) were
described in our previous publications (Smirnova
et al., 1999; Sviridova et al., 2002, 2006).
The Taldom autumn migration stopover of the
common crane was discovered in 1976. Crane censuses at this site were performed since 1982 (Zubakin
et al., 1982; Vloshina et al., 1987; Smirnova, 1997;
Smirnova et al., 1999; Grinchenko et al., 2001;
Grinchenko and Sviridova, 2008), and the field station founded in 1994 enabled more detailed and regular observations during the autumn period. The census
procedure of common cranes on the migration stopover consisted in recording of the number of birds that
left the night lodgings for feeding sites between 5:00
and 9:00 in the morning and moved back to the night
lodgings between 17:00 and 21:00. The birds were
counted simultaneously at several stationary observation points (Voloshina et al., 1987). Censuses and
mapping of the location of cranes started after the
sightings of the first migrating birds in late summer
and continued until the departure of all birds.
The meteorological data (minimal daily air temperature, average daily air temperature, dates of transitions of average and minimal daily air temperatures
through 10, 5 and 0°С, the amount of precipitation,
and the number of days with precipitation) were
obtained from the Tver meteorological station located
in 100 km to the west from the study area. This meteorological station was the only station closest to the
study area and with most comprehensive set of data
covering the period from the late 1940s till present (see

website of the National Climatic Data Center
http://www.ncdc.noaa.gov), although the data
obtained after the year 1960 were more detailed than
earlier data. The meteorological station in Savelovo
was operated in 25 km from our study area until the
late 1960s, but then it was closed, and the data sets
recorded there were incomplete, and therefore we had
to use the data collected at the Tver meteorological
station. Comparison of the data collected at the above
mentioned meteorological stations during the same
time intervals revealed good correspondence (98.7%)
between the parameters of temperature and precipitation used in the present study (Volkov et al., 2013).
Large-scale oscillations of atmospheric circulation
connected between distant areas (long-distance connections) are known to make a considerable contribution to the variability of atmosphere characteristics in
the Atlantic-European region (Nesterov, 2013). Various indices are used for quantitative description of
these oscillations. The EA/WR circulation index
(oscillations in East Atlantic–Western Russia), a variant of the widely used NAO index, is the most appropriate for the characterization of the dynamics of climate change in the study area. The values of this index
are available from the website of the NOAA Climate
Prediction Center, http://www.cpc.ncep.noaa.gov.
Periods with positive EA/WR values correspond to
less humid conditions in the European part of Russia
and around the Mediterranean Sea, as well as to a
decrease of the amount of precipitation below the
average level in western Russia and northwestern
Africa (Barnston and Livezey, 1987).
Statistica 6.0 software (StatSoft, Inc., 2001) was
used for the statistical analysis.
RESULTS
Changes of climatic and weather conditions in the
study area in the autumn period. The average air temperature during the period of autumn migration of the
common crane (August–October) increased by
approximately 1.2°С since the mid-20th century. This
trend was statistically significant between 1960 and
2012 (rs = 0.47, p < 0.001) (Fig. 1), although a less
clear trend was observed during a shorter time interval
that corresponded to the time of the present study
(years 1994–2012; rs = 0.41, p = 0.08).
The greatest changes occurred in September and
August that became significantly warmer (rs = 0.53,
p < 0.0001 and rs = 0.36, p < 0.01, respectively). The
increase of the minimal daily temperatures was more
pronounced (rs = 0.48, p < 0.04) than that of the average daily temperatures, this being indicative of stronger changes of night temperatures.
A trend for the increase of the total amount of precipitation between August and October was apparent
in 1960–2012 as well (rs = 0.25, p = 0.09) (Figs. 1 and 2).
This trend was relatively clear, with an approximately
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Fig. 1. Trends in the changes of the average daily air temperature (1; °С) and of the amount of precipitation
(2; mm) during the period of migration activity of the
common cranes (August–October) in the study area in
1960–2012; rs = 0.47, p < 0.001 and rs = 0.25, p = 0.09,
respectively; standardized data.

Fig. 2. Changes of the amount of precipitation in the
period of existence of the migration stopover of common
cranes (August–October) in the study area in 1960–2012;
a trend to increase, rs = 0.25, p = 0.09.

3

40-mm increase of the amount of precipitation during
the years 1994–2012 as compared to the years 1960–
1993 (t = –2.56, p < 0.01). However, the number of
days with precipitation remained almost the same,
with 41.8 ± 7.7 days in 1994–2012 (n = 27) and
40.3 ± 8.2 in 1960–1993 (n = 19). There was no difference between the samples (p = 0.23), and no trend
was detected (p = 0.14).
A clear trend for a later advent of cold weather in
autumn was observed during the study period. In particular, the transition of the minimal daily temperatures to values lower than 5°С and 0°С occurred progressively later in 1994–2012 (rs = 0.54, p < 0.02 and
rs = 0.81, p < 0.00002, respectively). The stable transition of the average daily temperature below 0°С also
shifted to a later date (rs = 0.55, p < 0.01). This transition occurred on the 30th of October ( ± 10.3 days) in
1960–1993 and on the 11th of November ( ± 11.1 days) in
1994–2012; the difference was significant (t = –3.77,
p <0.0004). The transition of minimum daily temperatures below 0°С was more significantly shifted to
later dates (Fig. 3).
Timing of the beginning of migratory congregation
formation. No shifts in the timing of the start of the
autumn gathering of the common cranes were identified in the study area in 1994–2012 (no significant
change was detected; rs = – 0.24, р = 0.33). However,
there was a significant correlation between the date of
the beginning of the formation of migratory congregation and the date of ultimate transition of the minimal
daily temperature below 10°С (rs = 0.52, p < 0.02)
(Fig. 4).
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Fig. 3. Trends in the changes of the dates of transition of
the average (1) and minimal (2) daily air temperature to
below 0°C in the period of migration activity of the common crane (August–October) in the study area in 1994–
2012; rs = 0.55, p < 0.01 and rs = 0.78, p < 0.00002,
respectively; standardized data.

The time of the beginning of the autumn gathering
did not depend on the time of arrival of the common
cranes in spring (rs = – 0.22, p = 0.36). Attempts of
detecting a correlation between the dates of the beginning of the gathering and climatic indices, average
daily air temperature, or the amount of precipitation
in August and in the previous minths were unsuccessful. There was no apparent trend in the dates of transition of the minimal daily temperature to values lower
than 10°С (rs = 0.32, p = 0.19), similarly to the case of
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Fig. 4. Dynamics of the dates of the beginning of formation
of the autumn gathering of common cranes (1) and the
transition of minimal daily temperature below 10°С (2) in
the study area in 1994–2012; the dependence between the
events is statistically significant, rs = 0.52, p < 0.02.

the dates of the beginning of the formation of migratory congregation.
Timing of common crane departure. Common
cranes usually depart from the north of the Moscow
Region between September 15 and October 15, on
28.09 ± 5 days on average. A significant trend for the
shift of departure to later dates was observed in 1994–
2012 (rs = 0.66, p < 0.002). No correlation between the
timing of departure of the birds and the average
monthly temperatures in September or October was
observed. There were no correlations between this
event and the average air temperature in any of the
decades or any half of month in September or October.
The only positive correlation was found between the
date of departure of the common cranes and the average air temperature in the period from September 15th
to September 30th (r = 0.48, p = 0.039). Since the
departure of the cranes occurred during the second
half of September in more than 60% of all cases
(12 years of 19 monitored), the observed correlation is
of considerable interest.
A highly significant correlation between the time of
the transition of the minimal daily temperatures below
0°С and the date of crane departure was observed
(rs = 0.64, р < 0.003). The departure took place on
average within 5.4 days after the transition of the minimal daily temperature below 0°С, and these events
coincided or occurred within 1 or 2 days in almost half
of the cases (47.4%) (Fig. 5).
The amount of precipitation also had an effect on
the departure of the common cranes: the departure
occurred later in rainier autumn seasons as compared
to the seasons with less precipitation (rs = 0.49,
р < 0.03) (Fig. 6). The number of days with precipita-

Fig. 5. Changes in the timing of common crane departure
(1) and the dates of the transition of minimal daily temperature to below 0°C (2) in the study area in 1994–2012,
rs = 0.66, p < 0.002 and rs = 0.81, p < 0.00002, respectively.

1.5

1
2

1.0
0.5
0
−0.5
−1.0
−1.5
1994
1998
2002
2006
2010
1996
2000
2004
2008
2012
Fig. 6. Dynamics of the amount of precipitation during
August–October (1), and the dates of common crane
departure (2) in the study area in 1994–2012; rs = 0.49,
р < 0.03; standardized data.

tion played an important role as well; if there were
more such days, the departure of the birds from the
Moscow Region started later (rs = 0.51, р = 0.026).
No significant correlations between the time of
departure of the cranes and the climatic changes,
including the circulation indices that characterize the
weather changes over large territories were observed
for any of the months during which the migratory congregation existed. However, a clear trend was apparent
as the data for the time interval from August to October
(when autumn migration activity of the common crane
takes place) were pooled (rs = – 0.69, р < 0.002). Higher
values of the EA/WR index corresponded to later
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index in August–October (time when the migratory
congregation exists) was detected as well (rs = − 0.76,
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Fig. 7. Dependence of the duration of the autumn migratory gathering of common cranes (Х axis) on the length of
the period with positive minimal temperatures (1) and the
number of rainy days in August–October (2) in the study
area in 1994–2012, rs = 0.72, p < 0.0005 and rs = 0.50,
p < 0.03, respectively.

departure of the cranes from the study area; positive
values of the index correspond to lower temperature
and higher average humidity in the European part of
Russia.
Duration of the period of autumn gathering of the
cranes. The duration of the autumn stay of common
cranes in the study area in autumn increased during
the monitoring period (rs = 0.57, p < 0.012), mostly
due to later departure of the birds (rs = 0.54,
p < 0.018).
The duration of the existence of the migratory congregation was not correlated to average and minimal
daily temperature during various time intervals in
August–October. However, the analysis of minimal
daily temperature dynamics revealed a correlation
between the duration of the stay of the cranes and the
duration of the time interval with positive minimal
temperatures (the number of days between the dates of
transition of the minimal daily temperature to values
lower than 10 and 0°С). The increase in the number of
days in the above mentioned time interval corresponded to a longer stay of common cranes in the
Moscow Region (rs = 0.72, p < 0.0005) (Fig. 7).
Precipitation has a pronounced effect on the duration of the stay of cranes in the north of the Moscow
Region in autumn as well: the birds stayed in the area
for a significantly longer time during seasons with
more precipitation. Correlations between the duration
of the stay of the cranes in the north of the Moscow
Region and the total amount of precipitation in
August–October (rs = 0.50, p < 0.03), the amount of
precipitation in October (rs = 0.46, p < 0.05), and the
number of rainy days in August–October were
detected (rs = 0.50, p < 0.03) (Fig. 7).
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DISCUSSION
A large number of studies on global warming and
the related ecological effects was published in the
recent years, although the opinions on the assessment
of these effects vary greatly. Changes in the phenology
and migration due to climate and weather fluctuations
are unique for each bird species. The majority of studies revealed earlier departure from breeding sites for
long-distance migrants (birds that breed and spend the
winter at different continents) and an opposite trend
for short-distance migrants (Cotton, 2003; Jenni and
Kery, 2003; Beaumont et al., 2006; Tottrup et al.,
2006; Morozov, 2007; Miller et al., 2015; etc.). The
impact of the weather and climate parameters on the
dates of departure may be less pronounced for longdistance migrants, because most of these species leave
the breeding areas long before the onset of critical
weather conditions. However, the departure dates of
some warbler species (genera Acrocephalus and Locustella) from Hungary were shifted to later dates during
the time interval between 1987 and 2004 (Miholcsa
et al., 2009), although these species are typical longdistance migrants that spend the winter in sub-Saharan Africa. In our opinion all these findings are indicative of complex regulation of the timing of migratory
activity in species with different migration strategies.
The current climate change in the European part of
Russia is manifested as the increase in average temperatures of certain winter and spring months and an
earlier transition of the surface air temperature to values higher than 0, 5, and +10°С in spring (Mirvis
et al., 1996; Abakumova et al., 1998; Volkov et al.,
2013; etc.). Analysis of meteorological data for the
autumn period in the study area revealed considerable
changes as well: for instance, the transition of air temperatures to values lower than 5 and 0°С was shifted to
later dates, and the values of minimal daily temperature increased significantly. The latter observation is
indicative of milder weather conditions during nighttime that is the most critical period for birds, especially
the young ones. The duration of the period with positive temperatures in autumn increased in the study
area, so that the advent of winter was delayed and the
cranes could stay in the breeding areas (and at the
migration stopovers) longer. The shift in the dates of
departure of the cranes from the north of the Moscow
Region showed that the birds used this opportunity.
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The formation of pre-migration and migratory
congregations before the flight to the south is characteristic of cranes in the Center of European Russia
(Prange, 2008; Markin, 2013). These congregations
are rather dynamic in the Moscow Region (Smirnova,
1997; Grinchenko and Sviridova, 2008); they are
formed by groups of birds that have not bred during the
current season, local breeding pairs, and migrating
cranes gathered from the adjacent areas. Such congregations are usually (at least in the Non-Black Earth
Zone) formed in areas with local breeding populations. The offspring of local birds is capable of flying
by the time of the beginning of migratory congregation
formation; however, these birds often retain a connection with the breeding territory where they spend the
night, regardless of feeding at the same sites as the
migrants.
Wintering sites of the common crane are located in
western Europe, north and northwest Africa (to the
north from Sahara), in the Middle East, and in northeast Africa (to the south from Sahara). The birds from
the northern and central parts of European Russia
migrate to Turkey, Israel, and northeast Africa, up to
2–4 thousand kilometers from the breeding sites
(Markin, 2013), and thus they belong to the intermediate group between short-distance migrants and
long-distance migrants. The importance of weather
for common cranes during the non-breeding season
(migration and wintering) was reported by a number of
researchers (Vegvari and Kovacs, 2012; Salvi, 2012;
Lundgren, 2012, Nowald et al., 2012; Mingozzi et al.,
2013; etc.). For instance, the number of cranes that
wintered in France was correlated with the average
temperature during the winter months: fewer birds
arrived to the area during colder winters (Salvi, 2012).
The dependence of the distance between crane breeding and wintering sites on climatic characteristics, and
the NAO index in particular, was reported by German
researchers; reduction of the median distance from
2041 to 677 km (that is, more than twice) was registered between 1997 and 2006 (Nowald et al., 2012).
Recent studies of the autumn migration of cranes in
Ukraine revealed a trend to earlier beginning of transit
through the country, as well as a trend to later ending
of this transit (Grishchenko, 2007).
Research on seasonal migration in a range of species showed that the flight between the breeding areas
and the wintering areas takes more time in autumn
than in spring (Tottrup et al., 2006, 2012; Litvin,
2014). Birds often spend much time at stopovers and
gradually progress to the wintering sites after the
weather conditions along the flyways become less
favorable. A clear trend for the shifting of the wintering
sites of cranes towards the north has become apparent
during the recent decades, both in Europe and in the
Middle East (Alon, 2001; Prange, 2008, 2011; FilippiCodaccioni et al., 2011; Nowald et al., 2012; Shanni
et al., 2012). On the other hand, there is a clear tendency to displacements of many migratory stopovers

from the northern and central regions of European
Russia towards the southern regions of European Russia (Ilyashenko and Markin, 2012). Therefore, the distance between breeding and wintering sites of the
common crane decreased. Thus, both the delayed
onset of cold weather in autumn and the decrease of
the length of the flyways enable longer stays of the
birds at migration stopovers.
Dates of the beginning of the formation of migratory congregation of the common cranes in the north
of the Moscow Region did not change throughout the
monitoring period and did not depend on the time of
arrival of the birds in spring. We initially assumed that
earlier arrival could lead to an earlier beginning of
migratory congregation formation in autumn, but this
hypothesis proved wrong. Thus, the formation of a
migratory congregation (one of the stages of autumn
migration activity in the cranes) depends neither on
the time of arrival of the birds in spring nor on the time
when the nesting period is over, although earlier
breeding was followed by earlier migration in a range
of passerine bird species (Sokolov, 2006). The beginning of congregation formation is probably largely
controlled by the dynamics of the local weather conditions, and especially by the annual features of the shift
of the temperature regimen from the “summer” type
to the “autumn” type. The ultimate transition of the
minimal daily temperatures below 10°С is among the
markers of the event mentioned above. This transition
of temperature defines the ending of the active vegetation period of most cultivated plants in the temperate
climate zone of Russia (Pavlova, 1968); thus, cranes
can perceive this transition as an indirect sign of the
ripening of cereals that serve as the main food source
for the birds during the autumn migration, including
the period of pre-migratory congregation formation.
There were no significant changes in the dates of
the beginning of migratory congregation formation in
the area, but the departure of cranes from the north of
Moscow Region occurred significantly later. Similar
trends were observed for this species in other regions of
Europe (Grishchenko, 2007; Prange, 2008, 2011;
Sarychev, 2011; Salvi, 2012; Mingozzi et al., 2013). In
our opinion, the delay of the departure from the north
of the Moscow Region is due to the warming of the
autumn period, and especially due to shifting of the
transition of average and minimal daily temperatures
below 0°С to later dates. The ultimate transition of the
average daily temperatures to values lower than 0°С
currently occurs 11–12 days later than in the second
half of the past century.
The present study pointed at the level of minimal
daily temperature (that usually corresponds to nighttime temperature) as the most important factor for the
timing of the departure of cranes from the north of the
Moscow Region. The long-term changes of average
and minimal daily temperatures during the autumn
period were somewhat dissimilar in the study area,
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with a more pronounced trend towards warming
observed for the nighttime. This is the most probable
reason for a stronger dependence of the date of departure of the cranes on the minimal (nighttime) daily
temperatures. This dependence is quite clear from the
biological point of view, since the nighttime is the
most risky period for birds (especially for the younger
individuals) due to reduced activity and inability to
feed in order to compensate for the energy expenses
related to thermoregulation. The energy consumption
for thermoregulation increases progressively during
the autumn season as the night temperatures decrease
(Dol’nik, 1995), while the possibility for the compensation of the energy expenses in the daytime remain
the same or become poorer as the duration of the daylight period decreases. Thus, the birds are forced to
migrate towards the south.
Later departure to wintering sites and the related
increase in the duration of the migration stopover may
be advantageous for the young birds, since they have
more time to increase their fitness before the flight. As
a result, the risk of their death on the flyway is
reduced. Given the above, the assessment of threshold
conditions that make the stay on the flyways or at the
breeding areas more favorable than further flight
seems of interest as the object of future studies.
The duration of the existence of the migratory congregation in the north of Moscow Region varies.
Regardless of the interannual fluctuations, a general
trend for longer existence of the stopover is apparent.
This increase was accompanied by significant changes
in a range of weather and climate characteristics, such
as an increase of the average monthly temperature of
most of the autumn months, a later onset of the winter
season, and the increase of the duration of the period
with positive temperatures. All these factors, alone or
combined, can affect the time of departure of the
birds. It was also found that the congregation of cranes
persisted over a longer time during rainier autumn seasons. The latter correlation may indirectly reflect the
general increase of the duration of the interval with
positive temperatures during the autumn months,
since the probability of rain on warm autumn days is
higher than the probability of rain on cold days. The
mechanism that underlies the impact of the amount of
precipitation and the number of rainy days on the
duration of the existence of the migratory congregation has not been completely clarified yet. A longer
duration of cereal harvesting period, plowing of stubble fields, and sowing of wintering cereals in case of a
rainy autumn may provide a putative explanation.
Modern bird species certainly had to adapt to both
prolonged cold periods and climate warming periods
during evolution; these climate changes could have
been even more pronounced than the current climate
change. In view of this phenomenon, the current
changes in the phenology of spring and autumn
migration of cranes can hardly be considered unique,
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although these changes undoubtedly are of interest as
an example of response of migrating species to climate
changes. Changes in the location of wintering sites and
the flyway patterns, earlier arrival and later departure,
and specific combinations of these phenomena turn
out to be the first responses of migratory birds to climate changes.
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