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Abstract

The decline in the number of waterfowl and water birds is related to the reduction of wetlands during
awarming climate. Most of the world's waterfowl and birds nest in Russia, but there is little accurate
data on their population dynamics. This study presents long-term data on migratory populations of
Anseriformes and Charadriiformes from an important Eurasian flyway where European and Asian
migrants meet. Using data from 1995-2020 counts conducted at two Ramsar sites on the western
coast of the Caspian Sea in Dagestan, the geography of regularly migrating populations of
Anseriformes and waders was determined, with population trends established for 28 species. The
results of the correlation analysis indicated that, of 18 anatids species, the number of 12 decreased
significantly and 2 increased, in 4 it remained at a relatively previous level, and of 10 wader species,
number — 3 decreased and 2 — increased, while the other model species' numbers stayed the former
level. We observed a correlation between air temperature changes and long-term fluctuations in
abundance of the model group of birds. Three main factors affecting population dynamics are
discussed: hydroclimatic conditions, anthropogenic influence, and foraging. It is recommended to
introduce a temporary ban on the hunting removal of 13 species of anatids and waders with a
negative trend in abundance or to determine the removal standards that do not exceed 30-40% of
their populations.
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Introduction

In recent decades, due to global warming, there has been a dramatic increase in scientists' interest
in the impact of climate on the biosphere. The first climatic shifts were noted as early as the mid-
1970s in the Northern and Southern Hemispheres (Krivenko, 2021; Sokolov 2007), to which birds
were among the first to react. As a result, dozens, if not hundreds, of new articles dedicated to the
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study of this important problem have been published monthly in scientific journals. There is
increasing evidence of the impact of climate on bird populations and changes in habitats (Howard
et al. 2018; James and Sarah et al. 2015; Krivenko and Vinogradov 2008; Krivenko, 2021,
Schmaljohann and Both 2017; Sparks et al. 2005). Publications on changes in bird populations in
different regions of Europe and America in the second half of the 20th century are often quite
contradictory (Chamberlaen et al. 2000; Rutschke 1980; Schmaljohann and Both 2017). Some
authors point to a significant, sometimes catastrophic, decline in the numbers of many bird species
and, above all, of long-distance migrants associated with inland wetlands (Crick 2004; Erwin 2009;
Mason and Green et al. 2019; Robinson et al. 2009; Sparks et al. 2005), which is explained by the
influence of global warming and severe droughts in high and temperate latitudes (Lehikoinen and
Jaatinen 2012; Roach and Griffith 2015; Schmaljohann and Both 2017; Van Eerden et al. 2005),
and also by the worsening conditions on the flyways and wintering grounds of European migrants
in the African continent (Both et al. 2010; Stephens et al. 2016). Other authors link the decline in
the numbers of waterfowl and water birds to the impact of various anthropogenic factors (Andres
and Smith et al. 2012; Delany and Scott et al. 2009; Fox and Leafloor et al. 2018). The third group
of authors testifies that the number of many bird species, including distant migrants, in the last two
decades not only has not decreased but also has significantly increased (Fox and Ebbinge et al. 2010;
Guillemain and Poysa et al. 2013; Mason and Green et al. 2019). At the same time, the trends in
bird abundance in the Americas are less pronounced than in Europe (combinations and Green et al.
2019). Although bird population trends are mixed, they all represent important baseline information
underpinning international conservation commitments, including the identification of wetlands of
international importance (Frost and Graham et al. 2019). To identify globally threatened bird species
(populations) in decline, a comparison of all the accumulated data from different parts of their range
is essential (BirdLife International 2017; BirdLife International 2021; State of nature in the EU,
2020; IPBES 2019; Woodward and Aebischer et al. 2020). Such an algorithm for population size
estimation contributes not only to predict the response of birds to further climate warming (Mason
and Green et al. 2019), but also to integrate the efforts of different countries in developing
conservation projects to conserve threatened species on a macro-scale (Frost and Graham et al.
2019). It is important to emphasize that the conservation of biodiversity in the context of the
dynamics of natural factors and, in particular, global warming, can only be ensured on the basis of
long-term observations of the state of the bird population, carried out within the framework of
biological monitoring, applicable to individual territories and specific species. At the same time,

avifauna is an important natural resource and, therefore, forecasting its development in territories
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with different histories of formation, different combinations of natural conditions and the level of
anthropogenic pressures is very relevant (Crick 2004).

Under the conditions of global climate warming, accompanied by a steady rise in sea level (Grant
and Naish et al. 2019) and simultaneous reduction in the area of continental wetlands (Erwin 2009;
Krivenko and Vinogradov 2008; Krivenko, 2021; Robinson et al. 2009; Thorup and Tottrup et al.
2017), the conservation of coastal-marine wetland ecosystems and waterbirds, whose numbers have
declined over the past 25 years (Andres and Smith et al. 2012; Fox and Leafloor et al. 2018;
Kharitonov 2019; Krivenko and Vinogradov 2008) became critical. It is practically impossible to
estimate the absolute number of waterfow! birds in the forest, forest-steppe, and steppe zones of the
European part of Russia (Krivenko and Vinogradov 2008), but it is quite acceptable to determine
the status of migrating populations at the level of trends at nodal points during migration (Sokolov
2007). At the same time, population trends are the most effective indicators of national monitoring
programs necessary to solve research (BirdLife International, 2017; BirdLife International, 2021;
Estimation of numbers, 2017; State of nature in the EU, 2020; IPBES 2019), sanitary-
epidemiological (Alekseev and Murashkina et al. 2019) and conservation tasks, which is especially
relevant for Russia (Kharitonov 2019; Woodward and Aebischer et al. 2020), where most of the
world populations of waterfowl birds are concentrated.

In order to diagnose the status of Palearctic migrant populations, two groups of waterfowl, the
Anseriformes (anatids) and the Charadriiformes (waders), were chosen by us as models. The
advantage of representatives of these taxonomic groups is that, firstly, being a priori indicators of
the hydrothermal state of wetland ecosystems, they are able to respond by dynamics of numbers and
species composition to qualitative transformations of wetland habitats within their entire migratory
range. Secondly, anatids and waders constitute an important component of hunting and fishery
resources, in this connection, long-term monitoring of the status of their populations acquires special
relevance not only in the applied sphere but also in academic, sanitary-epidemiological and nature
conservation aspects.

The above-mentioned trends determined the goals and tasks of our studies, consisting in determining
the species composition of the model group of birds (among Anseriformes and Charadriiformes),
their residence status, faunogenetic and population structures, boundaries of their migration range,
population trends and factors determining these dependencies. The solution of these problems can
serve to form a scientific approach not only in the management, but also in the conservation of

resource species of Anseriformes and waders in a large part of the Palaearctic.

Material and methods
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To determine changes in the ornithological situation, the western coast of the Middle Caspian Sea
was chosen as a model territory. In the last quarter of the 20" century as a result of the sharp
transgression of the Caspian Sea (Svitoch 1998), a complex of coastal lagoons was formed here
(Vilkov 2014a), through which one of the largest movements of Palearctic migrants passes
(Mikheev 1997) within the West Siberian-East African migration flyway (Boere and Stroud 2006).
There is also a narrow (4-5 km wide) migration corridor - a "bottleneck”, bounded from the west
by a barrier of advanced ridges of the Eastern Caucasus (up to 1000 m high), extending at a 45°

angle to the Caspian lowland, and from the east by the Caspian Sea coast itself (Fig. 1).
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Figure 1. Layout of model lagoons, migration corridor and flight routes for European and Asian

migrants

Of the four lagoons of Dagestan, the Sulakskaya and Turalinskaya lagoons were the most important
for birds (Key... 2009), which motivated their selection as model wetland ecosystems for the
Caspian Sea. The Turalinskaya lagoon, unlike the Sulakskaya lagoon, is located in a narrow
migration corridor - a "bottleneck”, where the flyways of Asian and European migrants cross, which
determined its priority as a place to collect the main faunistic material (Vilkov 2013).

The faunistic material is summarized according to weekly year-round counts conducted in 1995-
2020 in the Sulakskaya (47°31'16.42" N, 43°13'58.46" E) and Turalinskaya (42°56'00.53" N,
47°35'19.27" E) lagoons of Dagestan, which have the status of key ornithological territories of
Russia that meet the Ramsar Convention criteria (Key... 2009). Routes passed along the perimeter
of the lagoons, which allowed observation not only of their continental parts (from the coasts to the
front mountain ridges) and coastlines along the Caspian shoreline (including the sea area up to the
limit of binocular visibility (binoculars - Olympus 10-30x25 ZOOM PC 1 field 3.2-1.9°), but also
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up to 50-80% of the water surface. During the 25-year monitoring period, totally 1097 counts were
performed (108 in Sulakskaya and 989 in Turalinskaya lagoons), 5952 km were covered, 4417.5
hours of recording time were spent, and over 70 thousand photos of birds and adjacent landscapes
were taken.

Model bird species among Anseriformes and Charadriiformes were chosen based on the vastness of
their ranges, relatively stable numbers, and regularity of their migration encounters (predominantly
background species). Bird counts were conducted by the same researcher during the daytime on
permanent pedestrian routes without limitation of the transect width, followed by separate
recalculation of the area according to average group detection ranges (Ravkin 1967). According to
the above methodology, on each route, the following was recorded: date, time of start and end of
counting, all bird species seen or heard, distance from the observer to each individual at the time of
detection, transient or resident individual, and kilometrage. The bird population density was
calculated using the formula:

N1:40 + N2:10 + N3:3+ Ng,
L
where Nz ... N4 — number of individuals recorded at distances: 1 - 0-25 m, 2 - 26-100 m, 3 - 101-300

m, 4 — 301-1000 m; 40, 10, 3 - coefficients expanding the recording strip to 1 km; L - distance traveled
with recording along the biotope in kilometers. For birds in transit, the distance covered was replaced by
the time of counts in hours multiplied by the average flight speed of birds, 30 km/h. If it was difficult to
determine the species of fast-flying birds, or migrating at a long distance from the observer, the
flock was photographed at 65x magnification (camera - Canon full HD 65xOPTICAL ZOOM).
Then, the picture was displayed on the computer monitor and at high magnification, the species
composition of migrating birds was reliably identified. The faunal-genetic structure was based on
the classification of Shtegman (1938). In this case, in the category of faunistic complexes, the
species with an extensive range and an unclear centre of origin were taken as widespread species.
The systematic position of birds and volumes of species taxa are taken according to Stepanyan
(2003). The territorial dispersion of the populations of Anseriformes and Charadriiformes migrating
along the western Caspian Sea was determined according to the data of the Russian Bird Ringing
Center of IPE RAS using the author's methodology (Vilkov 2014b). In order to identify the leading
species among Anseriformes and Charadriiformes, both taxonomic groups were differentiated
according to decreasing numbers of all individuals of each species encountered during the entire
study period. The resulting abundance groups combined the species according to the following
criteria: Anseriformes — numerous species - more than 4000 individuals, common - 900-3000

individuals, small - 300-800 individuals; Charadriiformes - numerous species - 2000-4000
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individuals, common - 700-2000 individuals. In order to identify the core of the leading species,
the proportion of each species to the sum of all individuals encountered in each bird taxonomic
group was determined. The empirical material was processed using the statistical software package
Excel and Statistica.

Using correlation analysis, model bird species were subdivided into 2 groups (global models)
depending on the trend direction of their multiyear numbers. To avoid clutter, each of the figures
includes 1-4 species with corresponding linear trends. The systematic order of birds in the figures
was not observed, as the taxonomic group was selected according to similar quantitative parameters
(sums of observed individuals) rather than the systematic sequence of the species.

In identifying patterns of lower rank within the two global models, a model group of birds with a
reliable relationship with one of the key environmental factors, temperature, was identified using

correlation analysis (Fig. 2 a, b).

a b
Average annual temperature in the coastal regions of Dagestan for
1995-2020
18 r=0.78% p = 0.00000

Air temperature
-

Figure 2 a, b. a - the average monthly temperature in January for 1995-2020; b - the average
annual temperature in the coastal regions of Dagestan for 1995-2020 (according to the Dagestan
Hydrometeorological Center) with correlation coefficient (*- recorded correlation of reliability at

p<0.05 level of significance)

The concept of population trends of Anseriformes and Charadriiformes is based on four integrated
principles: first, general flyways are relatively stable in space and time (Boere and Stroud 2006;
Mikheev 1997); second, populations rather than "species" migrate (Isakov 1967); third, migrating
bird populations have a genetic link to historically established flyways (Sokolov 2007); fourth, the
status of migrating bird populations are estimated by long-term population trends at nodal points in
one place (Sokolov 2007).

Results and discussion

At the turn of the 20th and 21st centuries, notable climatic shifts occurred in the Northern
Hemisphere, which significantly affected populations of many migratory bird species (Howard and
Stephens et al. 2018; James and Sarah et al.2015; Krivenko 2021; Rusanov 2015; Schmaljohann
and Both 2017; Sparks and Bairlein et al. 2005). Species of the wetland complex making long-
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distance migrations from high and temperate latitudes turned out to be especially vulnerable to the
consequences of climate warming (Lehikoinen and Jaatinen 2012; Roach and Griffith 2015;
Schmaljohann and Both 2017; Van Eerden and Drent 2005), during which, first of all, the
productivity of wetland ecosystems decreased (Schricke, 2001 Erwin 2009; Robinson and Crick et
al. 2009; Thorup and Tottrup et al. 2017). At the same time, the success of migrations of waterfowl
is primarily due to the presence of highly productive wetland ecosystems along their flyways
(Nankinov 2017). In this sense, the shores of the Caspian Sea, stretching in the meridional direction
and crossing the moderately continental, moderately warm and subtropical climate zones, serve as
a good guide for the migrating bird populations from their nesting places in the north to the wintering
places in the south. At the same time, the western coast of the Caspian Sea, which is more than 1200
km long, is the most favorable route for the mass migration of ecologically different groups of birds,
including waterfowl by its ecological parameters (the presence of large sea bays, large river deltas,
lagoons, and lake systems). For example, up to 86 bird species can be seen in the Turalinskaya
lagoon during 4 hours of counting at the peak of migration activity, which cannot be observed at
any other tract or along migration routes within Russia. In turn, the Caucasus Mountains, stretched
meridionally at an angle of 30-35° between the Black and Caspian Seas, form a global migration

corridor arranged like a "bottle-neck” (Fig. 3).

European z >
migrants | ~~_ Caucasian-

Caspian

Figure 3. Caucasian-Caspian migration corridor — "bottleneck™
As a result, the tandem of the specific location of the Caucasus mountains and favorable

environmental conditions of the West Caspian coast determine the spatial localization of migration
flows of European and Asian migrants exactly in the area of the West Caspian Sea area. Confirming
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the above-mentioned, we note that more than 12 min. Birds (Mikheev 1997) of 116 regularly
migrating species (Vilkov 2013) migrate along the western Caspian Sea region, which is 14.9 times
higher than on the eastern coast (Mikheev 1997). Out of the total number of migrants 6-7 min.
account for Anseriformes (56%) and Charadriiformes (Gistsov 2001), some of which stay in model
lagoons for migration, wintering, summering, and nesting. At the same time, the southern location
of the Caspian Sea determines the presence here of large wintering grounds of waterfowl birds
(Mikheev 1997; Vilkov 2013) which along with the intense route of migration and places of their
intermediate stops largely determines the preservation of populations of regular migrants. On this
basis, the lagoons of Dagestan are assigned an important role of temporary reserves, contributing to
the conservation of migrating and wintering birds of the Palearctic (Key ornithological territories of
Russia...2009; Vilkov 2001, 2019).

With the emergence of the lagoons, the breeding fauna in their vicinity increased by 39 species,
including 7 species of geese and 7 species of waders (Vilkov 2017, 2019). On the whole, during the
25-year monitoring period, a total of 299 bird species have been recorded in the Sulakskaya and
Turalinskaya lagoons, 47 of which are game birds, and 53 are listed as endangered species in the
IUCN and Red Data Books of Russia and Dagestan, including 135 species with different
conservation statuses in Europe (Vilkov 2017, 2019). There are 31 species of Anseriformes (18
selected as model species) and 42 species of Charadriiformes (10 selected as model species) of the
total diversity of avifauna of the lagoons (Table 1, columns I-I1).

Table 1, columns I-11: Model species of Anseriformes and Charadriiformes of the studied lagoons
with an indication of the residence status and faunogenetic group; columns I11-1V: Coefficient of
correlation between the abundance of the model group of birds and mean annual air temperature

for 1995-2020 (*— marked correlations are valid at p<0.05 level of significance)

| 11 11 [\
Ne Species Residence  Faunogenetic  r— coefficient p — level of
status group of correlation  reliability
Order — Anseriformes
1 Anser anser Linnaeus, 1758 P, IW widespread -0.14 0.5130
2 Cygnus olor Gmelin, 1789 @, P, N, W European-Chinese -0.57* 0.0032
3 Cygnus cygnus Linnaeus, 1758 P, W Arctic -0.61* 0.0014
4 Tadorna ferruginea Pallas, 1764 P Mongolian -0.50* 0.0102
5 Tadorna tadorna Linnaeus, 1758 @,P Mongolian -0.22 0.2887
6 Anas platyrhynchos Linnaeus, 1758 B,P,N, W widespread 0.59* 0.0021
7 Anas crecca Linnaeus, 1758 P, W widespread -0.29 0.1607
8 Anas strepera Linnaeus, 1758 0,P, WT widespread -0.71* 0.0001
9 Anas penelope Linnaeus, 1758 P, W Siberian -0.69* 0.0001
10 Anas acuta Linnaeus, 1758 P, W Siberian -0.62* 0.0009
11 Anas querquedula Linnaeus, 1758 P, W widespread -0.54* 0.0051
12 Anas clypeata Linnaeus, 1758 P, WT widespread -0.59* 0.0020
13 Netta rufina Pallas, 1773 B,P,N,W Mediterranean -0.45%* 0.0245
14 Aythya ferina Linnaeus, 1758 P, W  European-Chinese -0.68* 0.0002
15 Aythya nyroca Guldenstadt, 1770 @, P, W widespread -0.61* 0.0012
16 Aythya fuligula Linnaeus, 1758 a,P,N, W widespread 0.10 0.6494
17 Bucephala clangula Linnaeus, 1758 P, W Siberian 0.53* 0.0060




41 | Journal of Wildlife and Biodiversity 6(Suppl. 1): 33-62 (2022)

18 Mergus albellus Linnaeus, 1758 P, W Siberian -0.41%* 0.0410
Order — Charadriiformes
1 Charadrius dubius Scopoli, 1786 B, P widespread 0.14 0.4956
2 Vanellus vanellus Linnaeus, 1758 B, P, IW widespread -0.05 0.8236
3 Himantopus himantopus Linnaeus, 1758 B, P, IW Mongolian 0.15 0.4748
4 Tringa ochropus Linnaeus, 1758 N, P, W widespread 0.45* 0.0231
5 Tringa glareola Linnaeus, 1758 P widespread -0.10 0.6175
6 Tringa totanus Linnaeus, 1758 B, P, IW widespread -0.52* 0.0071
7 Actitis hypoleucos Linnaeus, 1758 B, P widespread 0.80* 0,0000
8 Phylomachus pugnax Linnaeus, 1758 P Siberian 0.34 0.1008
9 Gallinago gallinago Linnaeus, 1758 P, W widespread -0.57* 0.0032
10 Limosa limosa Linnaeus, 1758 P, IW widespread -0.53* 0.0062

Note: residence status (code): B — nesting migratory; @ — nesting in the early stages of lagoon successions;
P — occurs on migration (individuals of the local population were not taken into account); W — wintering
(stays on wintering for more than 10 days); IW — does not occur every year in winter; N — flying (meets
during nesting time, but definitely does not nest)

The faunogenetic ranking of all species of Anseriformes and Charadriiformes recorded in the model
lagoons showed that the study area occupies an area predominantly within the "sphere of influence™
of widely distributed, Arctic and Siberian fauna types. Representatives of other faunal groups,
however, do not regularly, but noticeably expand the range of zoogeography of migrating
populations of anatids and waders, as they are also genetically related to historically established

flyways (Fig. 4).

B Anseriformes

f2] Charadriiformes

The number of species

Jodlev s
5 3] 7 8

Faunogenetic group

Figure 4. Faunogenetic structure of Anseriformes and Charadriiformes lagoons of Dagestan. Note:
Anseriformes: 1. widespread — 9 species (29%); 2. Arctic — 8 species (26%); 3. Siberian — 6 species (19%);
4. Mediterranean — 2 species (7%); 5. European-Chinese — 2 species (7%); 6. Mongolian — 2 species (7%);
7. Central Asian-Mediterranean — 1 species (3%); 8. Boreal-Arctic — 1 species (3%). Charadriiformes: 1.
widespread — 17 species (41%); 2. Arctic — 11 species (26%); 3. Siberian — 6 species (14%); 4. Mediterranean
— 4 species (10%); 5. European-Chinese — 0 species (0%); 6. Mongolian — 3 species (7%); 7. Central Asian-
Mediterranean — 1 species (2%); 8. Boreal-Arctic — 0 species (0%)

A spatial model of territorial dispersion of the populations of Anseriformes and Charadriiformes
migrating along the western Caspian Sea area was built based on data from the Russian Bird Ringing
Center of IPE RAS and the author's methodology (Vilkov 2014b). A conditional contour of the
migratory range was determined for the peripherally dispersed populations, which allowed
specification of the boundaries of the West Siberian-East African migratory range (Boere and Stroud

2006) for 18 species of Anseriformes and 5 species of waders (Fig. 5 a, b).
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Figure 5 a, b. Geographic dispersion of Anseriformes and Charadriiformes populations migrating along the
western coast of the Caspian Sea. Note: a — West Siberian-East African migratory area (Boere, Stroud, 2006);
b — the boundaries of the dispersion of Anseriformes and Charadriiformes populations with indication of the
conditional contour of the migration range and the vector of the passage of anatids and veders along the
western Caspian. Species (populations). Species (populations): 1. Tadorna tadorna; 2. Anser anser; 3.
Cygnus olor; 4. Anas platyrhynchos; 5. Anas crecca; 6. Anas strepera; 7. Anas penelope; 8. Anas acuta; 9.
Anas querquedula; 10. Anas clypeata; 11. Netta rufina; 12. Aythya ferina; 13. Bucephala clangula; 14.
Arenaria interpres; 15. Himantopus himantopus; 16. Phylomachus pugnax; 17. Calidris ferruginea; 18.
Calidris alba

As a result, the total geographical dispersion of Anseriformes and Charadriiformes populations
covered the space from the British Isles in the western Palearctic to the east of the West Siberian
Plain, including the northwestern part of India, the Seychelles, northwest, east and extreme south of
Africa.

The principle of extending the boundaries of territorial dispersion of waterfow! populations to the
west of Europe is reliably confirmed by the ringing data for Anas crecca and A. querquedula (Katz
et al., 1997; Nankinov, 2017) and that is illustrated by figure 5 b. Thus, a part of A. crecca and A.
guerquedula which are breeding in the European part of Russia and migrates for wintering along
the western Caspian Sea to Africa together with the teals of the Ural-West Siberian population (Katz
and Krivonosov et al. 1997; Zavyalov and Shlyakhtin et al. 2005; Zavyalov and Matrosov et al.
2008; Nankinov, 2017). On the African wintering grounds, there is a transition within the European
geographic population from its western European part to the central northern European and Ural-
Western Siberian parts (Katz and Krivonosov et al. 1997). At the same time, males, after the
formation of pairs on wintering grounds, are carried away by females to the territories removed from
places of their breeding at various distances, while separate individuals change their breeding and

wintering ranges. Such territorial redistribution leads to a change of migration routes and expansion
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of geographical dispersion of anatids populations in the western direction (Katz and Krivonosov et
al. 1997; Maclean and Rehfisch et al. 2008; Zavyalov and Shlyakhtin et al. 2005; Nankinov, 2017).
The spring migration of the European (Volga) population of teals and garganeys usually passes
through the territory of Italy, the Balkans, France, Belgium, and the Netherlands, while for the Ural-
West Siberian populations it acquires a loop-like configuration (Katz and Krivonosov et al. 1997;
Nankinov, 2017). A similar loop-like migration is characteristic of a number of Charadriiformes
species (Delany and Scott et al. 2009). In the context of the above, it is important to emphasize that
migratory birds, including the group of birds of the wetland complex, are known as carriers of
subtype H5 and H7 viruses (Alekseev and Murashkina et al. 2019). Recent cases indicate that some
migratory birds directly spread the virus H5N1 in a highly pathogenic form. Type "A" influenza
viruses are most important to public health because they have the potential to cause an influenza
pandemic (e.g., avian influenza virus H5N1 and HIN2 subtypes). In addition, outbreaks of highly
pathogenic strains of avian influenza viruses (AlV) can also cause significant economic losses to
the poultry industry. Therefore, the predicted spread of viral infections spread by migratory birds to
various regions of the Palearctic acquires particular relevance on an international scale (Alekseev
and Murashkina et al. 2019).

We conducted a correlation analysis, which showed an unreliable weakly negative trend in the total
numbers of Anseriformes and Charadriiformes encountered in the study area over a 25-year period

to determine possible changes in the populations of the model bird species (Fig. 6 a, b).
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Figure 6 a, b. Dynamics of the total number of Anseriformes (a) and Charadriiformes (b) in model
lagoons in 1995-2020

I summarized the numbers of model species of anatids and waders registered in the lagoons during

the entire study period and subdivided them into their respective abundance groups (Table 2).

Table 2. Number groups and the share of model species Anseriformes and Charadriiformes in the studied
lagoons in 1995-2020

Species  Share
encountered (%)

Ne Species
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Anseriformes

Numerous species
1 Aythya fuligula 276318 67.1
2 Anas platyrhynchos 74133 18
3 Anascrecca 19391 4.7
4 Anas querquedula 9863 2.4
5 Cygnus olor 7749 1.9
6 Anser anser 4826 1.2
7 Netta rufina 4401 1.1

Common species
1 Aythya nyroca 2261 0.6
2 Anas clypeata 2226 0.5
3 Cygnus cygnus 2200 0.5
4 Bucephala clangula 2170 0.5
5 Aythya ferina 1871 0.4
6 Mergus albellus 987 0.2
7 Anas acuta 982 0.2

Small species

1 Tadorna tadorna 839 0.2
2 Anas penelope 757 0.2
3 Anas strepera 531 0.1
4 Tadorna ferruginea 303 0.1

Charadriiformes

Numerous species
1 Gallinago gallinago 4010 17
2 Tringa ochropus 3513 14.9
3 Actitis hypoleucos 3472 14.6
4 Himantopus himantopus 3145 134
5 Tringa glareola 2651 11.3
6 Tringa totanus 2171 9.2

Common species
1 Vanellus vanellus 1832 7.8
2 Charadrius dubius 1082 4.6
3 Phylomachus pugnax 857 3.6
4 Limosa limosa 798 3.4

The algorithm used made it possible to determine the nucleus of the leading species in terms of
abundance from the number of model taxa, establishing the proportion of each species in the sums
of individuals registered.

To identify trends of lower rank and, in particular, trends of Anseriformes and Charadriiformes
abundance for the whole period of works, we used long series of observations in nodal points of
flight (our study area), where migration activity is traced for 9.0-10.5 months per year (Fig. 7 a —
h; 8 a—d).
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A correlation analysis with the annual average air temperature (Table 1, columns I11-1V) was
conducted to determine the statistical validity of the resulting population trends (Figures 7 a— h; 8
a—d).

Analysis of the data in figures 7 a — h; 8 a— d and Table 1, columns I11-1V, showed that, despite
some cyclicity, out of 18 tested species of anatids, in 12 the abundance significantly decreased, in 2
it increased, in 4 it remained at a relatively former level. Of the 10 model species of Charadriiformes,
3 significantly decreased in abundance, two increased in abundance and 5 remained at the same
level.

The obtained population trends should seem to correspond to all geographic populations,
representatives of which were found in the area of our study and confirmed by the ringing data (Fig.
5 b). However, the established trends can only reflect the population dynamics of those geographic
populations of anatids and waders that regularly migrate along the western Caspian Sea. And since,
a priori, only populations regularly migrate along the western Caspian regularly from the Boreal-
Arctic, northeastern and western Siberian regions of Russia, the Urals, VVolga, northwestern Caspian,
and northern Kazakhstan (Delany and Scott et al. 2009; Karri-Lindahl 1984; Mikheev 1997,
Zavyalov and Scott et al. 2008), it is these geographic populations that correspond to the abundance
trends we obtained at the nodal points of the flight in our observation area.

For the correctness of the presented concept, as well as for the purpose of revealing the reasons
causing a negative population trend in the model group of birds, we synchronized the information
from literature sources with the data of our studies (Figures 7 a — h; 8 a — d; Table 1, columns I1I-
IV). Thus, despite a slightly negative trend (Figure 7 a; Table 1, columns I11-1V), stable decrease of
Anser anser numbers on the flyways along the western Caspian Sea is caused, first, by a
deterioration of conditions of its wintering grounds in the south of the Caspian Sea (Koshelev and
Dannik 2001), where as early as in 1960-1970 the grain crops in the Araksin plain in Azerbaijan
began to be replaced by cotton and grapes (Sultanov 2001). Secondly, as a result of the latest Caspian
Sea transgression (Svitoch 1998), which caused an increase in the groundwater level, cereal-
ephemeral semi-deserts of the western Caspian Sea region began to be replaced by sagebrush and
saltwort, which worsened the forage base not only for the Greylag Goose but also for other anatids
species on their migration routes (Krivenko and Vinogradov 2008). Thirdly, due to increased depth
of the Volga River avandelta in the end of XX-th century (Krivenko 2021), feeding conditions for
nesting and migrating populations of the Greylag Geese worsened, which caused a sharp decrease
in their numbers (Rusanov 2015). Fourth, the decline in the numbers of Graylag Geese nesting in

Western Siberia, Kazakhstan, the southern Urals, and the Volga basin was influenced by climate
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warming, which disrupted the natural hydrological regime of wetlands and increased desertification
of territories (Erokhov and Berezovikov et al. 2011; Tarasov 2015). Fifth, the reduction of the
number of southern Greylag Geese nesting in the Southern Federal District, Stavropol Krai, and
Dagestan was caused not only by the loss of breeding habitats but also by the pressure of spring
hunting, which coincided with the beginning of the nesting period of this species (Lebedeva and
Lomadze 2016; Rosenfeld 2015). Sixth, under the conditions of a warming climate, part of the
Greylag Geese population shortened their migration routes, adapting to "cold™ wintering in their
breeding grounds (Gordo 2007; Lebedeva and Lomadze 2016). As a result, all the abovementioned
tendencies also had an effect on the decrease of the number of the Greylag Goose in our study area,
where only during the last 20 years during the passage in 1997 it was noted 910 individuals, in 2007
— 129, and in 2017 — 40 (Fig. 7 a). And, since, based on ringing data (Fig. 5 a), populations of
Graylag Geese flying from Western Siberia, Northern Kazakhstan, Astrakhan, Volgograd regions
and Dagestan regularly migrate along the western Caspian flyway, it is these populations that are
characterized by a steady negative trend in numbers. The numbers of Greylag Geese in England
have not changed significantly, while those in Europe have increased (BirdLife International, 2017;
Frost and Graham et al. 2019; State of nature in the EU, 2020). In the area of our studies, a decrease
in Anas strepera numbers is also clearly visible, where on a passage in 1998 was noted 156
individuals, in 2009 — 9, in 2020 — 1 individual (Fig. 7 b; Table 1, columns 111-1V). The sharp
decline in numbers of the Gadwall flying along the western Caspian Sea from the Voronezh,
Volgograd, Astrakhan regions and Kazakhstan (Fig. 5 b) is associated with a depression in the
numbers of this species in the optimal forest-steppe and steppe regions of Russia, except for the
southern Pre-Urals (Fedosov 2015). At the same time, its dispersal to the taiga zone, Vologda and
Arkhangelsk Regions, as a result of which the general tendency of growth of a number of this species
in the south of Eastern Siberia is traced (Fedosov 2015; Melnikov 2015). At present, the A. strepera
range has expanded far to the north of East Siberia up to the southern outskirts of Yakutia, which is
caused by progressive climate warming and eviction of this species from the southern parts of the
range covered by severe droughts (Melnikov 2015). In parallel, there has been an increase in A.
strepera in England and in Europe (State of nature in the EU, 2020; Frost and Graham et al. 2019),
that, is probably, also linked to its eviction from the forest-steppe and steppe regions of Russia to
the west. With a view of the preservation of the southern population, we included it in the new
edition of the Red Book of Dagestan (Red Book of the Republic...2020) as a vulnerable species with
decreasing numbers and distribution.

The Ferruginous Duck Aythya nyroca is in an even more vulnerable position. Until recently it was

a hunted species, but at the beginning of the 21% century, the Ferruginous Duck was already listed
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in the Red Book of Russia (Koblik 2001; Red Book of the Russian ...2001). In the European part
of Russia, its main nesting places are on the eastern coast of the Azov Sea and the western coast of
the Caspian Sea in Dagestan (Snow and Perrins 1998), where in the early 2000s the share of A.
nyroca in the bag of local hunters was on average 8.8% (Dzhamirzoev and Bukreev 2013). In 2000,
we estimated the number of this species at 550—-600 specimens in the Arakum reservoirs alone in
Dagestan (Vilkov 2001). And, in the area of the Turalinskaya lagoon in 1998-1999, the number of
its migrating flocks reached 25-34 individuals, while during the wintering period in the same tract
in 1997-1998, a concentration of 73 individuals was constantly maintained (data of our
observations). A sharp decrease in the number of A. nyroca was caused by climate warming and
large-scale irrigation and drainage work throughout the area, which resulted in changes in the
structure of biotopes, disturbance of their successional cycles and fragmentation of the range
(Fedosov 2015; Kazakov and Lomadze et al. 2004; Krivenko and Vinogradov 2008; Red...2001).
As aresult, A. nyroca ceased to occur in the VVolga delta during the last 5 years of the 20th century
(Rusanov 2006). However, the number of this species at the beginning of the 21st century was
estimated at 300-450 breeding pairs and more than 2,000 individuals on the trans-migration
(Kazakov and Lomadze et al. 2004). However, already in 2001 only 190-230 pairs (Kazakov and
Lomadze et al. 2004) were counted in Dagestan water bodies while the total number of this species
in Russia at the beginning of the 21st century was estimated at 800—1200 pairs (Banik and
Dzhamirzoev 2003). The widespread depression in the abundance of A. nyroca populations mirrored
its flyways in the area of the Turalinskaya Lagoon, where it was observed in 1998 as 183 individuals,
in 2008 — 82, in 2020 — 3 (Fig. 7 d; Table 1, columns I11-1V).

According to 9-10-year abundance slices obtained by us in model lagoons (Fig. 7 ¢ —e; Table 1,
columns 111-1V), a decrease in numbers is well traced in: A. crecca — in 1999 — 1081 individuals, in
2009 - 650, in 2019 — 256 (at the same time, the abundance of this species in England has increased
(Frost, Graham et al. 2019); A. penelope — in 1999 — 45 individuals, in 2009 — 3, in 2019 - 0; A.
acuta — in 2000 — 619 individuals, in 2010 — 2, in 2019 — 0 (at A. acuta numbers down by 38% in
Europe (BirdLife International... 2017; BirdLife International... 2021); A. querquedula — in 1999
— 731 individuals, in 2010 — 226, in 2019 — 94 (abundance of A. querquedula number remaining
stable in England (BirdLife International... 2019), while in most European countries it has
decreased (Schricke, 2001)); A. clypeata — in 1999 — 465 individuals, in 2009 — 37, in 2019 — 4
(number of this species in Europe is steadily declining, while in England it has increased (Frost,
Graham et al. 2019; European Environment Agency... 2020)); Netta rufina — in 1999 — 294 individuals,
in 2009 — 76, in 2019 — 36 (abundance of this species in England has increased (Frost, Graham et
al. 2019)); Aythya ferina in 1999 — 434 individuals, in 2009 — 17, in 2019 — 1 (at the same time, a
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clear decrease in the abundance of this species was noted in England (Frost, Graham et al. 2019), in
Europe (BirdLife International ... 2019) and in Russia (Estimation of numbers... 2017)). According
to ringing data (Fig. 5 b) and information from literary sources (Fedosov 2015; Zavyalov and
Matrosov et al. 2008), all the above species are part of the VVolga, South Ural, West Siberian and
Kazakh populations that regularly migrate along the western Caspian Sea. Accordingly, these same
populations also exhibit the above negative population trends. Thus, the population of A. crecca has
disappeared from the southern part of the range (Fedosov 2015). In the last five years of the 20th
century and at the beginning of the current century, the numbers of all species of dabbling and diving
ducks in the avandelta of the VVolga River decreased by 27%, while A. penelope has disappeared on
passage at all (Rusanov 2006; Rusanov 2015). Against this background, the number of West
Siberian populations of A. acuta, A. penelope, A. clypeata, A. querquedula and Aythya fuligula
wintering in the Caspian Sea and Nile delta decreased 3-fold in 2010-2013 due to extremely low
water levels (Antipov 2010; Golovatin and Paschalnyi 2015). The decrease in the numbers of the
West Siberian population of A. acuta and A. clypeata is also evidenced by the fact that these species
in recent years have become less frequent on trans-migration (passage) in the area of the Western
Manych, where a major migration route of the West Siberian population of these species passes
(Lebedeva and Lomadze 2016). Compared to previous years, the number of the most mass-breeding
duck species in Dagestan N. rufina has also drastically decreased (Bukreev and Dzhamirzoev et al.
2013). At the same time, the decline in the numbers of the West Siberian population of A. crecca,
A. querquuedula, and Ay. ferina is associated with poorly controlled shooting in their nesting places
and on flyways (Korobitsyn and Tyutenkov et al. 2018; Mikheev 1997), which has sharply increased
as a result of the shift of the beginning of autumn hunting to earlier dates (Mishchenko and
Kharitonov 2018). In addition, since the mid-2000s, with the development of the next dry phase of
the hydrological cycle, the number of the most numerous species of ducks nesting in Western Siberia
has decreased by 3-5 times. Another reason for the decline in duck numbers in this region was the
extensive breeding of plankton-eating fish species and benthophages, which led to the depletion of
plankton and benthos biomass. Fishermen face the problem of scaring these birds away from their
reservoirs by shooting them on unprotected lakes, while on protected ones (in game reserves) they
are scared away by various noise-making means. The reduction of the area of grain crops, located
near large reedbed lakes also led to a decrease in the number of ducks and Graylag Geese in Western
Siberia (Tarasov 2015). At the same time, sharp depression in the numbers of Ay. ferina occurs
mainly in the most numerous — West European-West Siberian population (Mishchenko and
Kharitonov 2018), part of which (West Siberian) regularly migrates along the western Caspian Sea

(Antipov 2010). In turn, increasing depths in the avandelta of the VVolga River and the deterioration
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of feeding and molting conditions for migrating populations of various duck species, was another
reason for the sharp decline in their numbers in the northern Caspian Sea (Rusanov 2015), as we
mentioned above. It is likely that the same factor also contributed to the fact that some of the
migrating duck populations began to periodically use the Kizlyar Bay in the western Caspian for
molting (Dzhamirzoev and Perevozov et al. 2014).

The first increase in abundance of most model species occurred during the cold winters of 1996—
1998 (Fig. 2; Fig. 7 a— h; 8 a — d), which coincided with the end of the cool-to-wet to a warm-to-
dry phase of the century (Krivenko and Vinogradov 2008). It is axiomatic that when the polarity of
hydroclimatic cycles reversed, there was an upsurge in the numbers of almost all waterfow! birds in
the maximum possible geographic areas, because the area of wetlands reaches its maximum during
cool-wet climatic phases (Krivenko and Vinogradov 2008). Accordingly, in 1996, the water content
of model lagoons also approached the full profile (Vilkov 2014a), coinciding with the peak of the
last transgression of the Caspian Sea, which resulted in the flooding of vast areas of the western
Caspian Sea, which subsequently transformed into new habitats for waterfow! birds (Chernichko
2016). Against this background, anatids and waders are redistributed along the newly expanded
range boundaries, which was accompanied by an increase in their numbers (Vilkov 2014a).
Periodic fluctuations in the abundance of model species observed in subsequent years (Fig. 7 a— h;
8 a — d) are associated with more frequent warm years (winters) 2000-2002, 2004-2006, 2010—
2011, 2013-2015 and 2018-2019 (Fig. 2). In such years, the trans-migration of the model group of
birds along the western Caspian fades (“erodes™), as some of Charadriiformes change their flight
routes and places of permanent stops (Chernichko 2016), while some Anseriformes (C. olor, C.
cygnus, T. ferruginea, T. tadorna), remain for wintering in more distant areas of northern latitudes,
including breeding sites (A. anser) (Gordo 2007; Lebedeva and Lomadze et al. 2018; Rusanov 2001;
Schmaljohann and Both 2017). Correlation analysis showed a reliable negative relationship between
the increase in mean annual and autumn-winter temperatures in the Caspian lowland of Dagestan
(Fig. 2) and the long-term fluctuations in abundance of C. olor (r =-0.54; p = 0.004), C. cygnus (r
=-0.53; p=0.005), A. anser (r =-0.16; p = 0.43), T. tadorna (r = -0.44; p = 0.03), T. ferruginea (r
=-0.59; p =0.002), A. querguedula (r =-0.49; p = 0.01), N. rufina (r = -0.55; p = 0.004), Ay. ferina
(r =-0.54; p =0.005), B. clangula (r = -0.44; p = 0.024), Mergus albellus (r = -0.40; p = 0.04) and
Limosa limosa (r = -0.40; p = 0.04) (Fig. 7 a — e; 8 a). On the contrary, in cold years, such as in
2020, there was an intense passage of migrants along the western Caspian Sea, as well as their
organized flight to winter, which was accompanied by an increase in their abundance (Fig. 2; Fig.
7 a — h; 8 a — d). The established pattern is confirmed by the presence of a reliable positive

relationship between the increase in abundance of Ay. nyroca (r = 0.55; p = 0.003) and a decrease
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in average annual temperatures in the Caspian lowlands of the Republic (Fig. 7 d). At the same time,
multidirectional temperature trends that appear on migrants' flyways during seasonal migrations can
only affect changes in their wintering places (Anseriformes) and flyways (Charadriiformes), but not
on the number of populations themselves.

As for Charadriiformes, from 1998 to 2019, there is a steady decline in the numbers of Vanellus
vanellus that were counted on the flyway in 1998 in the number of 408 individuals, in 2009 — 8, in
2018 — 27 (despite the weak trend shown in Table 1, columns I11-1V, a decadal cross-section showed
a steady decline in V. vanellus abundance not only in our study area, but also in Russia as a whole
(Estimation of numbers... 2017), as well as in England and Europe (BirdLife International... 2017,
State of nature in the EU, 2020); Tringa totanus in 1998 — 266, in 2008 — 133, in 2019 — 17 (with
T. totanus number in Europe down by 30% (BirdLife International... 2021), as it continues to
decline in England (BirdLife International... 2017)); Gallinago gallinago in 1999 — 401, in 2009 —
127, in 2019 — 88 (the population of G. gallinago in Russia as a whole is steadily declining
(Estimation of numbers... 2017), already down 36% in Europe (BirdLife International... 2021) and
continues to decline in England (BirdLife International... 2017)) and L. limosa in 1999 — 192, in
2009 — 79, in 2019 — 0 (with multidirectional trends characteristic of Russia as a whole (Estimation
of numbers... 2017), whereas in Europe, L. limosa number has already declined by 45% (BirdLife
International... 2021) and continues to decline in England (BirdLife International... 2017) (Fig. 8
a, b; Table 1, columns 111-1V). The depressed populations of these species are associated with a
warming climate, degradation of most wetlands, and fragmentation of their habitats not only in
Eurasia but also in the wintering grounds in Africa (Delany and Scott et al. 2009; Krivenko and
Vinogradov 2008; Sokolov 2018; Sokolov and Numerov et al. 2019). The response to the
deterioration of habitats of the above species in their breeding grounds (Delany and Scott et al. 2009;
Sokolov 2018; Sokolov and Numerov et al. 2019) mirrored the decline in their abundance on the
flyways in our study area (Fig. 8 a, b). In addition, the subsequent regression of the Caspian Sea, in
which the sea level decreased again from 1996 to 2019 by 1 m (Gavrilov 2019), led to the
overgrowth of shallow marine macrophytes (Rusanov 2015). Taken together, the above trends
worsened the recreational and foraging habitat of waders in their breeding grounds and along their
flyways along the western Caspian Sea (Vilkov 2013). In general, the decline in numbers of a
number of model wader species was caused by the widespread intensification of agricultural
production in different parts of their habitat, which was noted already in 1983-1990 (Delany and
Scott et al. 2009). At the same time, the decrease in numbers of most species began to appear not in
the period of intensive agriculture, but only in subsequent years, which, together with the large-

scale anthropogenic transformation of natural ecosystems against the background of climate
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warming, gave a negative trend in subsequent years (Delany and Scott et al. 2009; Sviridova 2003;
Zavyalov and Shlyakhtin et al. 2005). It is interesting that such a lag in the response of birds to the
integrated impact of the above factors is shown on three dozen species with extensive data in
England (Chamberlaen and Fuller et al. 2000) and other European countries (Delany and Scott et
al. 2009). Let us add to the above, that the modern regression of the Caspian Sea has also negatively
affected the decline of water levels in the model lagoons, destroying some of the underwater
meadows formed by Ceratophyllum demérsum and Vallisneria spiralis. And because these plants
accumulate the main stock of Chironomus plumosus Linnaeus, 1758 larvae, and other hydrobionts,
which form the basis of the diet of most wader species, their large-scale destruction also worsened
the habitat conditions of the model group of birds on the routes of their flight along the western
Caspian Sea. In principle, the above example of biotic destruction in model lagoons caused by
another regression of the Caspian Sea can be taken as a reliable model, demonstrating similar
processes of biota degradation in other wetlands of the Caspian Sea.

Another set of factors worsening the ecological attractiveness of the Caspian region for anatids and
waders is related to the total development of the West Caspian coast by various types of
anthropogenic infrastructures. Anthropogenic transformation of the natural environment noticeably
intensified in 2000 and has been steadily increasing since then against the background of a sharp
depression (up to 40-90%) of the Caspian Sea forage as a result of the active destruction of various
components of the Caspian biota by the Black Sea invader — Mnemiopsis leidyi A. Agassiz 1865
(Aladdin and Plotnikov 2000; Shiganova and Musaeva et al. 2005; Vostokov and Gadgiev et al.
2020). Simultaneously, there is a more than tenfold reduction in the areas of wintering waterfowl
tracts in Azerbaijan (Polivanova 1990), which is also reflected in the deterioration of conditions of
anatids and waders wintering in the Caspian Sea. In addition, the depression of bioresources in the
Caspian Sea occurs in conditions of intensive petrochemical and organochlorine pollution,
accompanied by a decrease in the percentage of oxygen in the water (Aladdin and Plotnikov 2000),
which in combination with the above factors worsens the environmental significance of the Caspian
Sea for Anseriformes and Charadriiformes for the whole. However, in October 2020, in the waters
of the Dagestan shelf, the presence of a new pest — Beroe cf. ovata — was recorded in plankton. Its
emergence and development in the Caspian Sea, occurred on the wave of general warming, after a
number of warm winters (Vostokov and Gadgiev et al. 2020). At the same time, there were signs of
the impact of the new invader, B. ovata, on the population of M. leidyi, which it feeds on selectively.
This event could be the beginning of a new stage in the evolution of the Caspian Sea ecosystem and

the restoration of its bioresources that were affected by the invasion of M. leidyi, which will
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presumably also affect the regeneration of the Caspian Sea’s ecological attractiveness for migrating
and wintering birds, including Anseriformes and Charadriiformes.

At the biological level, according to Eremchenko and Bolotnikov (1986), the disturbance factor,
which, similar to the press of predators, causes significant elimination of clutches of anatids and
waders in their breeding grounds, is of particular importance nowadays. Repeated clutches increase
the reproductive period, leading to increased mortality of broods and, consequently, decreased
numbers of waterfowl at general population levels. Finally, for migrating populations of
Anseriformes and Charadriiformes, the anthropogenic impact is quite reasonably ranked among the
above-mentioned causes of decline in their numbers (Butyev 2006; Nankinov 2017). The latter leads
to an increased degree of environmental mosaicism (Delany and Scott et al. 2009; Krivenko and
Vinogradov 2008), fragmentation of habitats and depressed populations of waterfowl birds in
different parts of the Palearctic. In spite of all above mentioned anthropogenic and natural factors,
hunting pressure was and still is among the leading anthropogenic impacts, which decreases
population sizes of the majority of Anseriformes and Charadriiformes birds within the whole
migrating range (Atlas...2010; Delany and Scott et al. 2009; Fox and Leafloor 2018; Kharitonov
2019; Krivenko and Vinogradov 2008; Nankinov 2017; Rosenfeld 2015).

In conclusion, we state that the proposed concept of evaluation criteria obtained in the nodal points
of the flyway (model lagoons) in the form of multiyear population trends reflects the real status of
specific geographic populations of Anseriformes and Charadriiformes regularly migrating along the
western Caspian Sea region. The coincidence of the number trends (Fig. 7 a — f; 8 a, b; Table 1,
columns 111-1V) we obtained with the data from literature sources is explained by the commonality
of factors influencing the number of populations of model species in different parts of their
migratory range. The concept of the state of populations reasonably suggests introducing either a
temporary ban on the hunting of such resource species as: A. anser, A. crecca, A. strepera, A.
penelope, A. acuta, A. querquedula, A. clypeata, Ay. nyroca, Ay. ferina, V. vanellus, T. totanus, G.
gallinago u L. limosa (Fig. 7 a—f; 8 a, b; Table 1, columns 111-1V) until their sustainable recovery,
or establish removal rates not exceeding 30-40% of their populations. For "targeted” management
of the populations of the above-mentioned bird species these measures could be implemented not
only in Dagestan but also in Boreal-Arctic, North-Eastern, and West Siberian regions of Russia,
Priuralie (cis-Uralia or the Urals region), Volga region and in the North-Western Caspian Sea
region, where populations of model species regularly migrate along the historically formed and
genetically fixed West-Caspian flyway. However, for such bird species as A. acuta, A. clypeata, Ay.
ferina, V. vanellus, T. totanus, G. gallinago and L. limosa, similar conservation measures should be

applied in Europe and England (except for A. clypeata in England), where numbers of these species
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are also steadily declining (BirdLife International... 2017; BirdLife International... 2021; Delany
et al., 2009; State...2020). On the basis of the above, the system of hunting regulation should cover
not only all entities of the Russian Federation but also those states of the near and far abroad were
"Russian” waterfowl winter (Isakov 1972).

In order to preserve model lagoons and their biodiversity, the Ministry of Natural Resources and
Environment of the Republic of Dagestan used our long-term monitoring data when creating a
specially protected natural area (SPNA) of international importance — EU-RU260 "Sulakskaya
Lagoon” (Decree of the Government of the Republic of Dagestan, order Ne 296 from 22.12.2017)
(Vilkov 2017). Based on the same data an innovative socio-ecological project of the natural park —
"Ornithopark — Turalinskaya Lagoon™ (Vilkov 2019) was also developed. The creation of a network
of SPNAs along the western Caspian Sea region will contribute to the conservation not only of the
regional avifauna but also of an extensive group of Palearctic migrants, as the Sulakskaya and
Turalinskaya lagoons combined with 16 SPNAs (Alekseev and Murashkina et al. 2019), form a
single supporting framework of wetlands cascading in the arid semi-deserts of the western Caspian
Sea.

Conclusions

1. The reasons (factors) that determine the concentration of European and Asian migrant flyways in
the area on the west coast of the Caspian Sea have been identified. This is associated, firstly, with
the presence of a global Caucasian-Caspian migration corridor — "bottleneck” formed by the Greater
Caucasus Mountains, stretched meridionally at an angle of 30-35° between the Black and Caspian
Seas and the favorable environmental conditions of the Western Caspian Sea area (large sea bays,
lagoons, large river deltas, and lake systems). Secondly, the second, narrowest (4-5 km wide)
migration corridor, the "bottleneck", formed by the leading ridges of the Eastern Caucasus and the
Caspian Sea shoreline itself, is located on the western coast of the Middle Caspian. The key model
ecosystem — the Turalinskaya Lagoon — is also located here, where the flyways of Asian and
European migrants, which form a concentrated migration flow, intersect.

2. Spatial model of territorial dispersion of the populations of Anseriformes and Charadriiformes
migrating along the western Caspian was built on the basis of the data of the Center for Bird Ringing
of Russia IPE RAS and the author's methodology. According to the peripherally dispersed
populations, a conditional contour of the migratory range, covering the space from the British Isles
in the west of the Palearctic to the east of the West Siberian Plain, including the northwestern part
of India, the Seychelles, northwest, east and the extreme south of Africa, has been determined.

3. The basis of the faunogenetic structure of Anseriformes and Charadriiformes noted in the model
lagoons consists of widely distributed, Arctic and Siberian representatives of faunal types.

54



55 | Journal of Wildlife and Biodiversity 6(Suppl. 1): 33-62 (2022)

Representatives of other faunal groups are not regularly, but noticeably expand the range of
zoogeography of migrating populations of anatids and waders, as they are also genetically related
to historically established flyways.

4. The interpopulation exchange of Teal individuals occurring on African wintering grounds within
the European geographic population from its western European part to the central northern European
and Ural-Western Siberian parts, is not only important in understanding the principles of expanding
zoogeographic dispersion of populations to western Europe, but also in the sanitary and
epidemiological aspect since Anseriformes belong to important spreaders of viral infections and, in
particular, of all flu group "A" strains.

5. The correlation analysis showed an unreliable, weakly negative trend in the total numbers of
Anseriformes and Charadriiformes encountered in the study area over a 25-year period. The nucleus
of the dominant species was identified and the proportion of each species to the sums of individuals
registered was determined.

6. The correlation analysis showed that, despite a certain cyclicity, out of 18 tested species of
anatids, in 12 the abundance significantly decreased, in 2 it increased, in 4 it remained at a relatively
former level. Of the 10 model species of Charadriiformes, 3 significantly decreased in abundance,
two increased in abundance and 5 remained at the same level.

7. The number trends of the model species of Anseriformes and Charadriiformes obtained in one
place in the nodal points of the flight in the area of the lagoons of the western coast of the Middle
Caspian Sea area can be taken as a reliable assessment of the status of specific geographic
populations (Boreal-Arctic, north-east, west Siberian, Volga, Ural, north-western Caspian and north
Kazakhstan), which was confirmed by ringing data and synchronized with the data from the
literature.

8. The concept of the state of populations reasonably suggests introducing either a temporary ban
on the hunting of such resource species as A. anser, A. crecca, A. strepera, A. penelope, A. acuta,
A. querquedula, A. clypeata, Ay. nyroca, Ay. ferina, V. vanellus, T. totanus, G. gallinago and L.
limosa until their sustainable recovery, or establish removal rates not exceeding 30-40% of their
populations. The concept can be used for the conservation of these species not only in Dagestan but
also in the Boreal-Arctic, northeastern and western Siberian regions of Russia, the Urals, the Volga,
and the northwestern Caspian, from where these species (populations) regularly migrate along the
historically formed and genetically fixed Western-Caspian flyway. For bird species such as A. acuta,
A. clypeata, Ay. ferina, V. vanellus, T. totanus, G. gallinago and L. limosa similar conservation
measures would be appropriate in Europe and England (except for A. clypeata in England), where

numbers of these species are also steadily declining. The system of hunting regulation should cover
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not only all constituent entities of the Russian Federation but also all neighboring and far-abroad
countries where "Russian” populations of Anseriformes and Charadriiformes overwinter. At the
same time, spring hunting for all species of birds should be closed everywhere.

9. Correlation analysis revealed a reliable relation between air temperature changes in the Caspian
lowland of Dagestan and long-term fluctuations of the numbers of 12 model species of Anseriformes
and Charadriiformes. It was proved that in cold years the abundance of migrating populations of
anatids and waders on their flyways increases, and in warm years it decreases due to changes in
flyways of Charadriiformes and redistribution of wintering areas of Anseriformes. At the same time,
the number of populations themselves remains unchanged.

10. The present status of populations of Anseriformes and Charadriiformes is the result of the
integrated effect of 3 regulating factors: hydroclimatic (change of the range boundaries depending
on the direction of phases of the hydro-climatic cycle; deterioration of wetlands and fragmentation
of ranges), anthropogenic (redistribution of birds across the range depending on the destruction of
natural landscapes; hunting pressure; disturbance factor); foraging (reduction of forage availability
in continental wetlands and depression of bioresources in the Caspian Sea region).

11. The data obtained may serve as a basis for the creation of a Russian monitoring database of
Anseriformes and Charadriiformes with its subsequent integration with already existing Eurasian
databases.

12. According to the data of the ornithological monitoring carried out by the author, the SPNA of —
EU-RU260 "Sulakskaya Lagoon" with the status of international importance has already been
created and an innovative socio-ecological project of the natural park "Ornithopark — Turalinskaya
Lagoon™ has been developed. The creation of a network of SPNAs along the western Caspian Sea
will contribute to the conservation not only of the regional avifauna but also of an extensive group
of Palearctic migrants.

13. In order to preserve resource bird species, we consider it rational to develop and disseminate
among hunters within the authority of hunting farms of Russia a mobile application with photos and
information about birds, which are supposed to be banned from hunting (including legal liability for
illegal hunting of one species), as well as with photos and information about birds, which are open
for hunting, but in accordance with the established norms of hunting takeover.
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