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Abstract. Based on the materials of long-term studies (1964-2024),
modern changes in the composition of the bird fauna of the Baikal region
in winter are shown. A clear trend towards a decrease in the abundance of
birds over a wide area has been revealed. At the same time, their species
composition has increased significantly. It is proved that the main reason
for such changes is a strong warming of the climate — 1.9 © C/100 years.
The process of formation of “cold” wintering grounds in new species
cannot be explained without a detailed study of their late autumn flight. It
is shown that such wintering in birds is forced. Changes in the species
composition of birds and their status at this time necessitate the
development of a new classification of their winter population. The
greatest difficulty in this classification is associated with the analysis of the
status of a few wintering birds. The most important point, in this case, is
that a small part of such species remains for the winter, and the main part
of them moves south. In this regard, two more features have been
introduced into the new classification: the abundance of wintering atypical
bird species and the frequency or periodicity of their appearance in
wintering grounds. Based on this, the allocation of three more categories of
wintering birds is justified: forced wintering common species (force. win),
forced wintering random or very small species (ac.win) and birds that
escaped from cages or aviaries (encl. run). The new classification allows
for more precise and detailed identification of different categories of
wintering birds. It makes it possible to more correctly track the appearance
of “cold” wintering grounds atypical for temperate latitudes in different
bird species and explain the reasons for their formation.

1 Introduction

The winter fauna of birds in any region located in temperate latitudes differs significantly
from the summer fauna, both in the number of species and their composition. At the same
time, there are a large number of common species in the winter and summer bird fauna.
However, a sharp decrease in species richness (from 70-78 species to 27-33) and the sharp
dominance of a few species (from 4-5 to 1-3 species) well distinguishes the summer fauna
from the winter one. Previously, the problem of classifying the winter bird population was
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solved quite simply. There were sedentary and wintering bird species that did not nest in
the studied area, but appeared here in large numbers in winter. In some cases, nearby
migrants or nomadic species entering the research area from nearby regions were singled
out. Sometimes long-distance migrant birds were also distinguished, which are quite
common in the research area, but nest far to the north. For the Baikal region, such species
include the Snowy Owl Nyctea scandiaca and the Gyr Falcon Falco rusticolus. In addition,
a very widespread species, appearing only in certain years, was considered invasive —
Pallas’s Sandgrouse Syrrhaptes paradoxus.

Severe and extensive droughts that swept Central Asia in the second half of the last
century caused a noticeable warming of the climate in neighboring territories, including in
Eastern Siberia. This led to strong changes in the ranges of many bird species — they moved
far to the north, and birds from the southern regions of Asia appeared in temperate latitudes.
Unlike the previous warming observed in the 30s of the XX century, it was more
pronounced in winter. At the same time, very little work has been done in this direction,
which, first of all, refers to the analysis of changes in the winter bird population. The first
generalizations have already shown that a competent analysis of their population is
impossible within the framework of the previous classification. New species have appeared
that are completely unusual for the winter fauna of the region. It was also undeniable that
the wintering of these species was forced. In order to understand the process of their
formation, it was necessary to analyze in detail the late autumn migrations of birds. The
work carried out made it possible to identify individual stages of the formation of “cold”
wintering grounds in such non-typical bird species. The obtained material allows us to
conduct a special analysis of the peculiarities of the formation of the winter bird population
in new conditions and clarify the old classification of their population, making it more
convenient for use in practical work. This is the problem that this publication is dedicated
to.

2 Research area, material and methodology

Long-term and detailed work at model sites for field research made it possible to find out
the main factors responsible for long delays in the migration of many bird species,
including waterfowl, shorebirds and mass species of passerine birds. The physical and
geographical conditions of the southern outskirts of the Leno-Angarsk plateau and the
Irkutsk-Cheremkhovskaya plain contribute to the very early formation of the flight in the
spring (the Eastern Sayan and its foothills are still completely covered with snow) and very
late in the autumn (the second half and the end of November, and currently in some seasons
and December 15). In recent decades, a number of species of late-flying birds, including
waterfowl, have shown a shift in autumn flight to a later time (by 7 days). This is
determined by the fact that the source of the Angara River is directly adjacent to the lake
Baikal is under his direct influence. As is already well known, the warming effect of this
lake in autumn has a strong effect on the surrounding areas. It can be traced far along the
valleys of the rivers open in its direction — it is recorded at weather stations located 40 km
from the lake.

The valley of the Angara River in the main part of the upper reaches is located within a
small forest-steppe hearth, separated by a small forest bridge from the main section of the
Irkutsk—Cheremkhovskaya plain, characterized by milder climatic conditions and relatively
late establishment of permanent snow cover — on average on October 31 (October 10 -
November 27). Throughout the upper section of the Angara River (from the source of the
Angara River to the town of Usolye-Sibirskoye), the average monthly long-term
temperature in October remains above 0 © C, and on the adjacent coast of the lake Baikal in
some areas it may exceed +2.0° C. The average daily temperature passes through 0°C in
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autumn from October 15-20. The duration of the frost-free period is more than 100 days,
and ice formation on the Angara River occurs on December 3-18, freezing is recorded in
different years from December 21 to January 8, and currently in some seasons only in the
first five days of February. The almost complete freezing of the source of the Angara River
for a very short period (no more than a week) is very rare — once every 200 years.

The relatively large depth, wide channel and rapid flow of the Angara River also
contribute to the later establishment of a permanent ice cover. This is especially noticeable
at the source of this river, which is constantly influenced by the more comfortable autumn
climatic conditions of Lake Baikal. Currently, due to significant climate warming,
especially pronounced in winter (winter has become warmer on average by almost 8.0 ° C),
the timing of the main natural phenomena, including the timing of bird migrations, has
shifted to an even later time (the beginning of the first decade of December).

Large settlements with numerous adjacent horticultural and suburban areas have
extensive planting of fruit and berry trees and shrubs, which provides a good food base and
contributes to mass stops of birds for rest, and, consequently, the formation of very late
migrations in autumn. The forests of the coasts of Southern Baikal, as a rule, have a well-
defined undergrowth formed by the Siberian Mountain Ash Sorbus sibirica with a high
frequency of repetition of good harvests of its fruits. In the floodplains of the rivers of the
forest-steppe zone, the Berry Apple Malus baccata is common, the harvests of which are
almost always characterized by high abundance. Along with favorable climatic conditions,
this creates prerequisites for long rest stops and feeding of many species of predatory and
passerine birds. Subsequently, such late stops often turn into fairly large “cold” wintering
grounds.

The main materials were collected on the territory of the Baikal region in 1964-2024
during a detailed study of the ecology, behavior and migration of birds at several stationary
sites. During this period, long-term and detailed studies of birds were carried out on the
Okinsky spur of the Bratsk reservoir (Leno-Angarsk plateau), in the Barluk-Sayan
floodplain Oka River (middle course), the mouth of the Irkut River (Irkutsk-
Cheremkhovskaya Plain), Prisayye (southern outskirts of the Irkutsk-Cheremkhovskaya
plain, adjacent to the foothills of the Eastern Sayan ridge), the delta of the Selenga River
(Middle Baikal), on the central section of the Prebaikal regional trough, the Northwestern
coast of Lake Baikal (State Nature Reserve Baikal-Lena) and on the right bank of the
source of the Angara river. The peculiarities of the formation of the winter bird population
were studied in different time periods, both before the onset of severe climate warming, and
during its maximum development, as well as after a sharp decrease in the level of climate
warming. Special attention was paid to the late autumn migrations of birds, which are
directly related to the formation of “cold” wintering grounds in birds that had not
previously stayed for such wintering. In recent decades, information has appeared
indicating a marked expansion of the species composition of wintering birds. Among them,
species that had never been recorded here in winter began to occur.

The methodological basis of the work was the recommendations and developments of
Yu.S. Ravkin. Now another technique is being used, which is in good agreement with
previous methodological approaches, but is more convenient to use. In addition, general
recommendations on the organization of bird accounting and mathematical processing of
collected materials were used. The use of these techniques allows for a full-fledged
comparison of materials collected in different time periods. During the study of migrations,
an assessment of forage resources was carried out, as well as the dynamics of weather
factors. Special attention was paid to the passage of the last waves of migrations and the
elucidation of the factors that contributed to their late formation. A comparison of forage
and weather factors, as well as the passage time of the last wave of migration and the
degree of fatness of its constituent birds, allowed us to formulate the main conclusions
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about the causes of their long delays in rest and feeding, as well as about the causes of the
formation of “cold” wintering birds in temperate latitudes of Asia.

Full-fledged long-term observations of the formation of “cold” wintering grounds in the
Irkutsk reservoir and in the Upper Angara region, as well as on the right bank of the source
of the Angara River, made it possible to understand the general mechanism of the formation
of “cold” wintering grounds in the main part of the species, which are characterized by very
strong delays in departure in the late autumn period. The collected materials made it
possible to formulate the main provisions underlying the new classification of wintering
bird species. It allows us to more accurately and clearly identify the reasons for the delay in
the autumn departure of many bird species that are not typical for the winter fauna of this
region and have appeared in the Baikal region only in recent decades.

3 Results

As we indicated above, the timing of the passage of the last mass wave of autumn migrants
through the studied territory is important in the formation of “cold” wintering of birds.
They can vary greatly by year and are completely determined by the weather conditions of
each particular season. In cold and short autumns, the majority of birds in the Southern
Prebaikal region fly away in the first half of October, and in the Upper Angara region in
mid-November. These differences are determined by the fact that the climatic conditions of
the Upper Angara region are much more favorable for recent migrants. This leads to the
formation of mass stops for feeding and rest here and long delays in the migration routes of
many bird species. In addition, one of the most powerful branches of the flight paths of
almost all bird species passes here — the Baikal-Angara-Yenisei migration stream.

By the end of October — beginning of November, the main flight of almost all bird
species is already over. However, it was at this time that the last wave of migrants formed,
consisting almost entirely of young birds that appeared as a result of late reproduction. As a
rule, this is the result of repeated, and sometimes third and fourth attempts at reproduction
of different bird species after the death of clutches. This adaptation is very widespread in
Eastern Siberia and due to compensatory reproduction, the nesting success of many bird
species can significantly increase. This mechanism of maintaining the required population
level is typical for all bird species of temperate latitudes, but it is specifically shown on
Shorebirds and waterfowl, because to demonstrate it it was necessary to have very large
samples of nests for each observation season. In our conditions, such work could be
performed only on mass species of coastal birds and only on certain, most productive areas
of their habitats (in our case, in the delta of the Selenga River and the mouth of the Irkut
River during periods of mass evictions of birds to the northern borders of their distribution).

Due to the late rise “on the wing”, young birds in the breeding area do not have time to
accumulate reserves of plastic substances “fat” sufficient for a long migration throw in a
southerly direction (500 km or more). Therefore, they fly in relatively short waves (100-150
km) and often stop at suitable places to rest and replenish energy resources. Usually their
number is small, but in some years, characterized by high mortality of the first clutches of
birds and their fairly massive re-nesting, it can increase significantly. In such seasons, the
latest wave of migrations can take the form of very massive movements of birds. This is
most typical for the main part of diving ducks, which differ in later main reproduction.

Having reached the valley of the Angara River and the coasts of Southern Baikal, the
conditions of which at this time are very favorable for stopping birds for prolonged feeding,
providing them with reserves of plastic substances sufficient for a long migration rush, they
concentrate here in bulk for rest and bait. Large groups of birds, mainly the Goldeneye
Bucephala clangula, the goosander Mergus merganser and the Red-breasted Merganser M.
serrator, as well as other species of diving ducks with a small proportion of river ducks and
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large gulls - Mongolian Gull Larus (vegae) mongolicus, Common Gull L. canus, and
sometimes Vegae Gull L. vegae Heuglin’s Gull L. heuglini and sometimes single Glaucous
Gull L. hyperboreus, consisting of several thousand birds, were recorded in the last days of
October and the first half of November at the Irkutsk reservoir, in Kultuk Bay (Southern
Baikal), along the outer edge of the Selenga River delta and in other bays of Lake Baikal.

Smaller, but still significant clusters of passerine birds, consisting of several dozen
individuals, are often found in the floodplain of the Angara River and adjacent horticulture
and suburban areas in Thrushes Turdus sp., Buntings Emberiza sp., Tree Sparrows Passer
montanus and other species. Meetings of birds of prey, including Large Falcons, are also
not particularly rare at this time. In warm autumns, they are constantly recorded in the
forest-steppe, in fields and in small copses on the migratory routes of birds. Good feeding
conditions and a relatively mild climate (compared to the surrounding territories) contribute
to the delay in long-term rest of many bird species of the Passeriformes, Falconiformes and
Anseriformes orders. There are also massive concentrations of wintering birds, most of
which are usually classified as invasive species. They appear here in very large numbers
only in certain years, although they are always common wintering species (Waxwing
Bombycilla garrulus, Redpoll Acanthis flammea, Baikal Bullfinch Pyrrhula cineracea, Pine
Grosbeak Pinicola enucleator, Siskin Spinus spinus, etc.). Obviously, their mass raids are
registered here in the years when the main direction of their movements passes through this
particular area. In other years, they appear here as a result of settlement from the foci of
mass concentrations of birds that arrived in the region for the winter.

We have studied this process in detail using the example of one of the most widespread
species — the Waxwing. He arrives in the Southern Baikal region in the second half of
October, and sometimes at the beginning of this month, in huge flocks of 300 to 1000 birds
or more. However, after 2-3 days, a maximum of 10 days after arrival, the birds break up
into small flocks of about 15-20 birds or even less and settle on the territory. The fact is that
even with abundant harvests of Siberian Mountain Ash and Berry Apple, the main feeds of
this species in winter, such a huge mass of birds cannot feed in local areas of their high
abundance. At the same time, having broken up into small flocks and widely distributed
throughout the territory, flying from one site to another, they can very rationally and
gradually utilize the available feed stocks, which contributes to their more successful
overwintering.

In this regard, their classification as an invasive species is quite controversial. In the
same area, with a distance between observation sites of 20-25 km in the same season, this
species can be attributed to both an invasive and a common wintering bird, which is clearly
incorrect. In addition, in areas of mass concentrations of birds after arrival, after some time
their total number decreases markedly, which indicates a redistribution over the wintering
area. The number of birds in the middle of wintering in places of former concentrations
usually does not exceed or slightly above the abundance of this species in adjacent
territories. Consequently, the general process of redistribution of birds is typical for areas of
their mass autumn concentrations. In this regard, we prefer to classify such species as
wintering, but with different levels of abundance — from very numerous to common and
scanty birds, rather than invasive species.

“Cold” wintering, in general, is most typical for late-flying bird species, which often
have compensatory reproduction as a result of high clutch mortality during the mass nesting
period. The main reason for this is the high instability of the habitat and the large number of
both feathered and terrestrial predators. Repeated reproduction in case of death of the first
clutches is one of the main adaptations of birds to the development of an environment with
high pressure limiting factors. The features of this ecological adaptation are considered in
detail by us in several publications. It makes it possible to significantly increase the success
rate of reproduction of the species, however, it increases the total period of its reproduction
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to 20.0% or slightly more. Taking into account the initially late reproduction, young birds
of late broods rise “on the wing” at a time when the migration of the main part of birds is
already over.

They are the ones who form the last wave of migrants, which can be quite noticeable in
the years of mass re-breeding of birds. They leave the breeding area before they have
collected the necessary amount of plastic substances, Therefore, having reached areas
favorable enough for feeding and recreation, such birds can stay here for a long time. In this
regard, in some seasons there is an unexpectedly massive appearance of birds in species
whose main flight has already ended (Naumann's Thrush Turdus naumanni, Black-throated
Thrush T. atrogularis, Red-throated Thrush T. ruficollis, Eyebrowed Thrush 7. obscurus,
Dusky Thrush 7. eunomus, Fieldfare T. pilaris and some other species). Nevertheless, the
number of such species is never significant, but usually amounts to several dozen
individuals constantly roaming the territory, convenient and favorable for “cold” wintering.
Their numbers are usually overestimated, as they are often recorded at different sites by
several researchers.

Migrations of early-flying species end by mid-September, and even the late flight of
young birds emerging from the latest broods ends before the passage of the last wave of the
latest migrants. However, isolated individuals of such species can linger for a long time on
the migration routes. As a rule, these are sick, injured and weakened birds who did not have
time to collect the necessary amount of plastic substances at the nesting sites, but were
carried away by the general migration flow of birds of their species. Subsequently, they are
forced to stop migrating and stop early to rest on the flight paths. In such cases, they choose
fairly favorable areas with good feeding conditions for a rest stop. Since the number of such
birds is small (they are often found in single specimens), they can stay in very small (local)
favorable areas located among very large territories, generally unsuitable for these species.
That is why their encounters are usually surprising, and the number is always extremely
low, even when using very large territories in the analysis of the bird population.

The late flight does not yet indicate the formation of forced “cold” wintering by these
species. Even with the establishment of very unfavorable weather conditions, many species
successfully leave such territories as soon as the weather conditions on the flyways improve
somewhat. However, in some areas with very favorable forage and local milder climatic
conditions, birds may linger for a longer time. Shooting and opening such birds for various
purposes, including collectible ones, indicates their very low fatness. This fact is fully
confirmed by shootings in late autumn Goldeneye clusters and in flying flocks of Thrushes
in November. Consequently, the delays of such birds on the flight routes are due to the need
to replenish fat reserves, providing a long non-stop flight to the southern wintering grounds.

As is known, the full replenishment of plastic substances necessary for a long flight of
birds requires a fairly long time — at least two weeks, and in conditions of deep autumn and
a sharp cold snap, during which the costs of birds for thermoregulation increase, and a
much longer period. Therefore, on the coasts of Lake Baikal and other areas of the forest-
steppe regions of the Southern Baikal region that are more favorable in terms of climate and
forage, birds delay migration for a long time. It should be noted that the coast of Southern
Baikal and the forest-steppe territories of the Upper Angara region belong to refugiums,
which differ in the maximum heat supply for these areas. Consequently, it is here that more
favorable conditions are formed, providing long rest stops and feeding for many species of
late migrants.

By the time the birds, having replenished the energy reserves necessary for a long non-
stop flight in more favorable conditions of warm refugiums, are able to continue migration,
it already becomes impossible. The surrounding areas are covered with snow, constant
negative air temperatures are established, and mountain passes become insurmountable due
to very strong and constant winds associated with temperature inversion between deep river
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valleys and mountain passes. In these conditions, birds form quite massive forced “cold”
wintering. In many ways, their formation is facilitated by a unique combination of climatic
conditions of these territories and specific ecological niches of wintering species (primarily,
Goldeneye massive “cold” wintering). In the light of these data, the formation of large
“cold” wintering grounds for waterfowl in the upper reaches of the Angara River and on the
coasts of Southern Baikal in many species of passerine birds is not surprising.

4 Discussion

The materials we have collected allow us to approach the classification of the winter bird
population in a new way, which differs from its previous variants. There is no doubt that a
number of mass wintering species are classified as sedentary (set.), although it is already
well known that their more northern groups often move south, and local groups of nesting
birds fly off to winter in more southern areas. Thus, in winter, there is a substitution of
northern populations, more southern bird populations, but it is impossible to find out in
detail the course of this process without mass banding of birds or tracking using special
transmitters. So far, it has been conducted on a limited scale in Eastern Siberia. It is now
generally accepted that birds found in a particular area, both in summer and winter, are
sedentary species.

Migratory, nomadic, invasive species usually belong to wintering species (win.) moving
to wintering areas from northern breeding territories. Their isolation does not cause
difficulties, since they do not occur in the nesting grounds in the wintering grounds or are
very rare and few here in the summer. In the years of mass appearances, they are often
classified as invasive species, although, as we pointed out above, this is often not objective
for a particular territory. In such cases, in order to avoid errors in determining the status of a
species, it is necessary to analyze the state of its abundance over a very large area.

Determining the status of wintering few bird species is always a serious problem. It is
important here that a very small part of the breeding population remains in the northern
“cold” wintering, while the main part of the species moves to the southern “warm”
wintering grounds. Therefore, we have introduced two more signs into the classification of
the winter bird population: the abundance of wintering atypical bird species and the
frequency or periodicity of their appearance in “cold” wintering grounds.

The number of such species, taking into account the analysis of their abundance in
large territories, usually amounts to several dozen, extremely rarely, hundreds of birds.
However, mass species of waterfowl often have “cold” wintering, including several tens of
thousands of birds. If we consider a fairly extensive region, in this case Lake Baikal (more
precisely, only one of its climatic districts is the South Baikal Climatic District), many
species are found in “cold” wintering grounds almost annually (Thrushes, Buntings, some
species of Rosefinch, Tree sparrow, etc.). The reasons for the formation of their “cold”
wintering grounds are discussed above and they are undoubtedly forced. Such birds, which
are quite common in winter, are classified by us as forcibly wintering ordinary species
(force.win). They form “cold” wintering grounds here as a result of specific manifestations
of the climatic features of some parts of the region (refugiums with maximum heat supply
for the region), causing massive stops for long rest of the last wave of migrants.

In recent decades, the number of wintering bird species has increased significantly,
occurring in isolated specimens and completely atypical for the region under consideration.
It is mainly due to them that the species richness of wintering birds of Lake Baikal has
increased — by 33.1%. As a rule, the main part of them refers to sick, injured or weakened
individuals. However, quite healthy specimens are often found among them. The reasons
for their appearance are undoubtedly due to the same factors mentioned above.
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Such birds need to be distinguished from stray species. As is well known, when
analyzing the bird fauna of any large region, several species are always identified that
appear in a given area 3-4 times per century. In many cases, the reasons for their
appearance remain unknown. Sometimes such flights are typical for winter periods, but
they, in no case, determine the composition of the winter fauna of the region and its
dynamics. At the same time, rare and scanty birds, recorded not annually, but quite often,
can play a certain role in the dynamics of the species richness of the winter fauna of birds in
many regions.

The encounters of such birds are well explained by the difficult microclimatic
conditions of the shores of Lake Baikal. Delayed birds easily find local, often very limited
in area, areas suitable for rest and feeding during late autumn migrations. With the sudden
onset of cold weather, they often stay here for “cold” wintering. Only a few of them are
able to survive winter conditions — they are usually found only in the first half of winter. A
noticeable increase in the number of such species, compared with the first half of the 20th
century, indicates a clear increase in the comfort of winter conditions in the basin of Lake
Baikal On the shores of Lake Baikal, the number of sites with milder climatic conditions
has increased, even in the most severe winter months. A characteristic difference of this
category are single and non—annual meetings, which requires their allocation to a separate
category of birds that are very sensitive to local changes in environmental factors -
involuntarily wintering random or very small species (ac.win). This is emphasized by the
sharp increase in the species composition of this category of birds in winter as the general
climate warms.

And finally, a very small group of birds, but requiring special allocation, since in recent
decades the number of species that have entered nature in winter due to the negligence of
their owners has increased dramatically. In some cases, such species can successfully
survive for some time in the wild, even in winter conditions. Putting them in any other
category, as well as completely ignoring them, would be wrong. Therefore, we identify
another group of wintering birds — escaped from cages and aviaries (encl.run).

The classification proposed by us allows us to distinguish in more detail different
groups of wintering birds according to their relationship to the winter period and the
reasons causing the formation of “cold” wintering grounds in Northern Asia. In addition,
the new classification of wintering birds with the allocation of the above categories makes
it possible to monitor in more detail the formation of “cold” wintering grounds in different
bird species and explains the reasons for their appearance. In particular, it is on its basis that
it becomes clear the appearance in the modern period of a large number of “cold” wintering
grounds for waterfowl in various regions of North Asia.

5 Conclusion

Long-term studies of the winter fauna of birds of the lake Baikal and the adjacent vast
territories, along with a detailed study of their late autumn migrations, allow us to propose a
new classification of the winter bird population. It reflects well the winter conditions of
different territories, their diversity and structure, and also allows you to detail the reasons
for the appearance of new bird species in wintering grounds. This feature is extremely
important in modern conditions of abrupt climatic changes in vast territories, as it allows
you to quickly monitor such changes in the winter fauna of birds. The appearance of new
wintering species is entirely due to the physical and geographical conditions of specific
regions and their response to long-term climate dynamics. “Cold” wintering of new species
is almost always forced. Their appearance is associated with the existence of fairly large
territories characterized by increased heat supply, against the general background of the
climatic conditions of specific regions. In such cases, areas with increased heat supply play



BIO Web of Conferences 160, 02032 (2025) https://doi.org/10.1051/bioconf/202516002032
EESTE2024

the role of large ecological traps that detain birds in nesting areas for a long time during late
autumn migrations. The rapid onset of winter and the impossibility of further migration in
the harsh winter conditions of the surrounding territories contributes to the formation of a
system of forced “cold” wintering in the northern regions.
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