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The structure of spawning taxocenoses of anuran amphibians in five floodplain lakes of the
Medveditsa river valley in 2009–2018 is analysed. Two near-terrace lakes (Lebyazhye and Koblovo) and three lakes of the central floodplain (Sadok, Kruglen’koye, and Cherepashie) were used
as model ones. The degradation of the populations of the three most numerous species, a decrease
in the dominance degree of the common spadefoot toad were established. Degradation is more
characteristic of species with a longerer distance of spawning migrations – the severity of changes
consistently decreases in the row of species: Pelophylax ridibundus → Pelobates fuscus →
Bombina bombina. Indices of the structure of amphibian communities in the near-terrace lakes Lebyazhye and Koblovo were stable. Against the background of low water content and unstable hydrological regime of the central floodplain lakes with a survey duration of five or more years, three
periods were established to characterize the structure of spawning amphibian taxocenoses, namely:
a stable structure, a sharp decrease in dominance and an increase in evenness, and an increase in
the variability of the main attributes of the structure. At the end of the third period, which characterizes the structure of taxocenoses, some stabilization of the main parameters was noted with an
extremely low number of mature individuals of all amphibian species. The high level of spring
flood of the Medveditsa river in 2018 determined the beginning of the exit from the abnormally
long period of low water content of the spawning lakes in the floodplain (from 2009 till 2017) and
their functioning in the hydrological regime as temporary water bodies. The sudden increase in water
content of the floodplain lakes and the extension of their hydroperiod allow the beginning of the recovery process of the population size and community structure of anuran amphibians to be noted.
Key words: Anura, Pelophylax ridibundus, Pelobates fuscus, Bombina bombina, spawning
taxocenosis.
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INTRODUCTION
Anuran amphibians are the most numerous group of terrestrial and amphibiotic vertebrates in river valleys (Shlyakhtin et al., 2014, 2015). They have a significant impact
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on the structure and functioning of terrestrial and aquatic ecosystems, form a system of
matter and energy flows across the water-land boundary (Yermokhin, 2014). The complex
of morphological and functional features of the anuran amphibians determines their vulnerability to changes in climatic conditions (Gardner, 2001; Carey, Alexander, 2003;
Nyström et al., 2007; Wells, 2007; Todd et al., 2011) associated with warming and water
loss in terrestrial habitats. However, despite the already established set of main causes
for the decline in the numbers of amphibians in the temperate latitudes, most of them are
not universal and are more likely to be local in nature (Grant et al., 2016). Therefore, to
determine the real causes of the degradation of amphibian populations, it becomes relevant to conduct long-term studies in a particular region.
Under the conditions of the long-term tendency to decrease in water content in the
river valleys of the Don basin, which has been continuing since the 1990s, the flood regime of rivers degrades (Yermokhin, 2000; Kireeva, 2013). Frequent flooding leads to a
reduction in the area, hydroperiod and mass drying up of floodplain reservoirs, deprived
of feeding with flood waters. Meanwhile, the duration of the hydroperiod of spawning
reservoirs is considered one of the most important factors determining the status of
populations, the species richness and structure of anuran amphibian communities
(Pechmann et al., 1989; Snodgrass et al., 2000; McMenamin et al., 2008; Church, 2008;
Blaustein et al., 2010; Hossack, 2017). The dynamism of quantitative attributes of anuran amphibian populations that can influence the structure of their communities has been
noted in many regions of Europe (Bonk, Pabijan, 2010; Antonyuk, Panchenko, 2017).
However, to date, studies of the structure of anuran amphibian taxocenoses on spawning
places remain relatively few (Lizana et al., 1990; Semlitsch et al., 1996; Skelly et al.,
1999; Ficetola, Bernardi, 2004; Gray et al., 2004; Leite-Filho et al., 2017). At the same
time, such studies are relevant for monitoring their status and for timely organizing necessary environmental protection measures.
The purpose of this paper was a comparative analysis of the structure of spawning
taxocenoses of anuran amphibians in the period of a decreased water content in floodplain lakes in the ecosystems of the Medveditsa river valley.
MATERIAL AND METHODS
Taxocenoses of anuran amphibians were surveyed in the valley of the middle
reaches of the Medveditsa river (the vicinities of the village Uritskoe, Lysogorsky district, Saratov region) in 2009–2018. The following floodplain lakes were used as model
ones: Sadok (51°21'31'' N, 44°48'11'' E), Lebyazhye (51°20'38'' N, 44°48'45" E), Koblovo (51°18'38" N, 44°50'01" E), Kruglen’koe (51° 21'55" N, 44°49'58" E), and Cherepashie (51°21′52″ N, 44°49′05″ E). Detailed characteristics of these model reservoirs
were given earlier (Yermokhin, Tabachishin, 2011 а; Ivanov, 2017). Counts were carried
out using the method of linear fences with trap cylinders (Yermokhin, Tabachishin,
2011 b; Yermokhin et al., 2012) during the spawning migrations (from the last decade of
March to the end of May) (Yermokhin et al., 2013). Pelobates fuscus in the study region
began spawning migrations before the other species of anuran amphibians. The beginning of this phenological phenomenon was associated with the water temperature in the
spawning reservoir and that in the soil at the wintering depth approaching +4.5°C (YerПОВОЛЖСКИЙ ЭКОЛОГИЧЕСКИЙ ЖУРНАЛ № 4 2018
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mokhin et al., 2015), and these values coincided. To obtain unbiased estimates of the
abundance of this most widespread amphibian species, it was necessary to correctly determine the time of the start of spawning migrations. Therefore, our choice of the threshold value of the water temperature in the spawning reservoir was due to thermobiological features of this particular species. The installation date of linear fences was calculated from the dynamics of the seasonal variation of temperature, based on the data of
weather forecasts (Yermokhin et al., 2017), when the average air temperature during 10
days was approaching this threshold value. With such an approach, the deviation of the
estimated start date of spawning migrations from the actual one did not exceed 3 days
during 2009–2018. Therefore, the fences were installed three days before the onset of
this phenomenon. The end of spawning migrations was considered the period of 10 days
after the arrival of the last mature individuals of amphibians to the reservoirs.
The abundance of three numerous species of anuran amphibians was estimated,
namely: Pelobates fuscus (Laurenti, 1768) (the eastern form of this species lives in the
research region (Polukonova et al., 2013 а, b)), Bombina bombina (Linnaeus, 1761) and
Pelophylax ridibundus (Pallas, 1771). The volume of research material for various
spawning lakes is given in Table 1. Other amphibian species (Rana arvalis Nilsson,
1842 and Lissotriton vulgaris (Linnaeus, 1758)) had a low level of population numbers,
were encountered sporadically, not annually, and not on all the lakes surveyed. Obviously, their populations were in a status close to complete degradation, and provided no
sustainable reproduction.
Table 1. Numbers of anuran amphibian specimens spawning in several floodplain lakes in 2009 – 2018
Year
1

Pelobates fuscus
2

Species
Pelophylax ridibundus
3

Bombina bombina
4

Total
5

2009
2010
2013

667
657
651

Lake Lebyazhie
2
6
7

2010
2011

121
108

Lake Koblovo
12
8

5
4

138
120

2010
2011
2012
2013
2014
2015
2016
2017
2018

945
928
786
831
329
124
53
35
25

Lake Sadok
16
312
295
276
124
97
6
3
2

7
20
18
15
4
9
2
0
0

968
1260
1099
1122
457
230
61
38
27

2013
2014

1352
408

Lake Kruglen’koe
13
28

72
137

1437
573

406

9
4
6

678
667
664
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Table 1. Continuation
1
2015
2016
2017
2018

2
197
59
35
41

2014
2015
2016
2017
2018

1157
916
286
228
39

3
8
3
0
5
Lake Cherepashie
21
0
0
4
4

4
139
44
5
6

5
344
106
40
52

180
177
61
8
4

1358
1033
347
240
47

The significance of differences in the ratio of species that spawned in different
years in a particular reservoir was estimated using contingency tables (χ2 test). Differences were considered significant when P < 0.05. The consistency of variation of the
degree of reduction in the numbers of species with a range of migration from their wintering sites to their spawning places was assessed using Spearman's rank correlation coefficient (rs). For the spawning reservoirs studied for three or more years, a periodization
procedure was carried out on the basis of cluster analysis (Ward's algorithm, Euclidean
distance), grouping, for further analysis, years similar in the numbers of individual species. Our processing of the material included the calculation of the following indicators
characterizing the structure of taxocenoses: dominance indices (D), Shannon (H) and
Berger–Parker indices (d). Within the selected periods for each of the listed indices, the
mean value, standard deviation, and range of variation (min – max) were calculated. To
process the collected material, initial sample data were used, obtained when counting
anuran amphibians, including the incomplete enclosing of spawning reservoirs with
fences, with no recalculation to the absolute numbers of individuals spawning therein.
Statistical data processing was performed in the PAST 2.17 software package.
RESULTS
P. fuscus was the predominant species of anuran amphibians during the entire period of survey in all reservoirs. The trends in the populations of this species were most
noticeable in the central floodplain lakes, where significant degradation of P. fuscus
populations occurs. This species, even against the background of abundance reduction,
was tens of times more quantitative than other species of anuran amphibians
(P. ridibundus and B. bombina). The status of the populations of these semi-aquatic species in the structure of spawning taxocenoses was determined by the degree of remoteness of their spawning reservoir from the riverbed. P. ridibundus reached the highest
numbers in the lake Sadok, closest to the wintering places in the Medveditsa riverbed.
The smallest abundance was noted in the near-terrace lakes, at distances from 0.6 km
(Lake Koblovo) to 1.1 km (Lake Lebyazhye) from the riverbed.
The ratio of anuran amphibian species in their spawning taxosenoses was more stable for many years in the near-terrace lakes Lebyazhie and Koblovo (χ2 test, P > 0.31)
and underwent significant changes in the central floodplain lakes (Sadok, Kruglen’koe,
ПОВОЛЖСКИЙ ЭКОЛОГИЧЕСКИЙ ЖУРНАЛ № 4 2018
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and Cherepashie; χ2 test, P < 0.0001) (Table 2). For the ratio of the amphibian species
spawning in these three lakes, interannual differences were found over a number of pairs
of adjacent years of survey.
Table 2. Ratio of species in spawning taxocenoses of anuran amphibians
Lake
Lebyazhie
Sadok
Kruglen’koe
Cherepashie
Koblovo

χ2
P
4.81
0.31
373.14
<0.0001
418.72
<0.0001
76.90
<0.0001

existed
–

Pair differences
were absent
2009–2010, 2010–2013

2011–2012, 2012–2013,
2010–2011, 2014–
2013–2014, 2016–2017,
2015, 2015–2016
2017–2018
2013–2014, 2014–
2015–2016, 2017–2018
2015, 2016–2017
2014–2015, 2015–
2016, 2016–2017,
–
2017–2018

0.40
–
0.82
Note. The significance level (P < 0.05) is marked bold.

2010–2011

During 2010, the abundance of P. ridibundus in the spawning places of lake Sadok
was abnormally low compared with the next five years. During 2011–2015 it remained
relatively stable with a further strengthening downtrend, which led to the almost complete degradation of their local populations in 2016–2018.
Our comparative analysis of the variability in the abundance of the three amphibian
species showed that it was more stable in the near-terrace lakes Lebyazhie and Koblovo
(P. fuscus: CV = 1.22 and 8.03, respectively; P. ridibundus: CV = 52.92 and 28.28;
B. bombina: CV = 39.74 and 15.71). The variability was lower in the species wintered in
terrestrial biotopes near their spawning reservoirs (P. fuscus and B. bombina), and significantly higher in P. ridibundus with distant spawning migrations. At the same time,
for the populations spawning in the central floodplain lakes, significantly higher directed
population changes were observed (P. fuscus: CV = 92–147%, 110%on average;
P. ridibundus: CV = 106–151, 121 on average; B. bombina: CV = 87–101, 93 on average).
The population variability degree decreased consistently with a decrease in the range of
spawning migrations (Blab, 1986; Kovar et al., 2009) in the three species of anuran amphibians, forming the series: P. ridibundus → P. fuscus → B. bombina.
P. ridibundus was characterized by the most distant migrations in the Medveditsa
river valley. This species inhabited spawning lakes remote from the nearest wintering
habitats in the riverbed for a distance up to 4.5 km. The number of P. ridibundus individuals regularly decreased with the distance of the spawning reservoir from the riverbed
(Spearman’s rank correlation coefficient: rs = -0.60, P = 0.007). And on the spawning
places in the most remote floodplain lakes (Lake Cherepashie), there was almost complete degradation of the P. ridibundus populations by 2018 (Table 1).
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For another semi-aquatic species of anuran amphibians, B. bombina, the remoteness
of its spawning lake from the riverbed could also influence the degree of development of
the populations. There was a consistent variation in the numbers of mature individuals
participated in breeding with this indicator (rs = 0.87, P < 0.0001).
The smallest degree of the impact of the spawning reservoir position in the floodplain was found in the species most adapted to habitat in terrestrial biotopes, P. fuscus
(rs = 0.16, P = 0.59).
The structure dynamics of spawning groups of anuran amphibians differed in lakes
with different positions in the floodplain. E.g., the near-terrace lakes had relatively stable
indicators of structure for a number of years, while the central floodplain lakes, on the
contrary, underwent certain dynamic changes of these indicators under the conditions of
the current period of low water content (Table 3).
Table 3. Structure dynamics of anuran amphibian taxocenoses during their spawning migrations
on several lakes of the Medveditsa river valley
Lake

Lebyazhie
Koblovo

Indices
H, bit/specimen

d

Near-terrace lakes
0.97±0.004
0.96–0.97
0.80±0.03
0.78–0.82

0.10±0.01
0.09–0.11
0.42±0.04
0.39–0.45

0.98±0.002
0.98–0.99
0.89±0.02
0.88–0.90

Central floodplain lakes
0.95
0.60±0.01
2011–2013
0.58–0.61
0.71±0.17
2014–2018
0.47–0.86
0.83±0.05
In particular, 2016–2018
0.77–0.86
2013
0.89
0.59±0.12
2014–2018
0.48–0.78
0.71±0.10
In particular, 2016–2018
0.64–0.78
0.77±0.04
2014 – 2015
0.74–0.80
0.77±0.11
2016–2018
0.70–0.90

0.13
0.64±0.02
0.63–0.66
0.49±0.24
0.26–0.82
0.33±0.11
0.26–0.46
0.25
0.67±0.17
0.38–0.79
0.52±0.20
0.38–0.66
0.41±0.08
0.35–0.47
0.42±0.18
0.23–0.57

0.98
0.73±0.01
0.72–0.74
0.79±0.17
0.54–0.93
0.91±0.03
0.87–0.93
0.94
0.70±0.14
0.56–0.88
0.83±0.06
0.79–0.88
0.87±0.02
0.85–0.89
0.87±0.07
0.82–0.95

Periods

2009, 2010, 2013
2010 – 2011

D

2010

Sadok

Kruglen’koe

Cherepashie

Analysis of the results of abundance counts on spawning reservoirs, surveyed for a
long time (longer than three years), has allowed us to identify a number of periods characterizing different statuses of spawning taxocenoses of anuran amphibians (Figure).
E.g., on the lake Sadok, three distinct periods of the existence of these groups was noted:
2010, 2011–2013, and 2014–2018; on the lake Kruglen’koe there were two periods:
2013 and 2014–2018. The presence of such periods is due to, above all, the significant
transformation of the hydrological regime of spawning reservoirs in the floodplain
against the background of the transformation of the flood regime of the Medveditsa
ПОВОЛЖСКИЙ ЭКОЛОГИЧЕСКИЙ ЖУРНАЛ № 4 2018
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River associated with the sharp climate aridization in 2009–2011 and the decreased water content of the spawning lakes.
Distance
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c
Figure. Periodization of the structure of spawning taxocenoses of anuran amphibians in the lakes
of the central floodplain of the Medveditsa River: Sadok (a), Kruglen’koe (b), and Cherepashie (c)
(cluster analysis, Euclidean distance, Ward algorithm)

In 2010, the groups of amphibians in the lake Sadok were characterized by a particularly high level of domination of one species (P. fuscus), which was comparable to
that in the near-terrace lakes during a similar period. However, later there was a sharp
change in the set of indicators characterizing the equalization and dominance in spawning groups. The period of time during which such changes took place is clearly divided
into two stages. During the first stage (2011–2013) a more aligned character of the
grouping was settled (Table 3), which was due to the decrease in the population of the
dominant P. fuscus against the background of the increase in the number of the second
most important species, P. ridibundus. It should also be noted that during these three
years the level of the indicators characterizing the structure of the amphibian taxocenosis
was relatively stable (D: CV = 2.24; H: CV = 2.79; d: CV = 1.86). At the second stage of
transformation of the amphibian taxocenosis structure (2014-2018), while maintaining a
similar degree of equalization and dominance (Table 3), there was a sharp increase in the
variability of these main indicators (D: CV = 24; H: CV = 49; d: CV = 21).
In the spawning taxocenosis of amphibians in the lake Kruglen’koe, processes with
similar characteristics were observed: by 2014–2018, with a decrease in the role of the
dominant species, a level of quantitative values of the indices of dominance and equalization was settled which was identical to the taxocenosis of the lake Sadok (Table 3).
Although the variability of these indices was generally lower than in the lake Sadok in
the same years (D: CV = 21; H: CV = 25; d: CV = 20). However, it should be noted that
the variability in the Shannon diversity index increased by the end of this period (2017–
2018) (CV = 39%)
The quantitative characteristics of the spawning taxocenosis of amphibians in the
lake Cherepashie, similar in topological features to the other two lakes in the central
floodplain, had a more stable level (Table 3). However, the degree of equalization of the
410
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taxocenosis was closer to that in the near-terrace lakes and was more stable by variability, in contrast to the lakes Cherepashie and Sadok.
DISCUSSION
In 2009–2017 there was a significant degradation of the system of floodplain lakes
in the valley of the river Medveditsa. The reduction of the hydroperiod of these spawning reservoirs of anuran amphibians leads to the impossibility of completing the development of tadpoles until the lake basins are completely dry. Given the current hydrological situation, which characterizes the floodplain lakes for a sufficiently long period of
time, it is necessary to state a significant decrease in the quantitative indicators of the
populations of practically all anuran amphibian species. The decrease in the number of
floodplain reservoirs during the spawning migrations and, especially, during the migration of fingerlings in the second half of summer leads to the complication of the conditions of transit movements of anuran amphibians between their spawning reservoirs and
wintering biotopes. Such changes most negatively affect the status of the P. ridibundus
populations, which are forced to make long-distance migrations from the near-terrace
lakes and the most remote lakes of the central floodplain to the Medveditsa riverbed. If it
is impossible to replenish the water reserves in the body during this period, conditions
are created for increased mortality of fingerlings and mature individuals of this species.
Therefore, the greatest degree of degradation of P. ridibundus populations is characteristic, first of all, for the reservoirs located far from the riverbed in the floodplain.
In addition, the high level of variability in the numbers of P. ridibundus at the
spawning places of the lake Sadok may be due to the change in the migration trajectory
of this species during the abnormally hot and dry spring of 2010. The preferential trajectory of the P. ridibundus individuals from their wintering biotope (the Medveditsa riverbed) may well be determined by the effect of pioneer males who left their odor trail on
the ground along the route. In the period from May 1 to May 12, when P. ridibundus
spawning migrations took place, the relative humidity of air at night was on average
48%. In such conditions of low air humidity during a period of prolonged drought, there
may be a violation of the conditions for the long-term odor preservation on the surface of
the substrate. The importance of the olfactory factor in the orientation of anuran amphibians during their migration to the spawning reservoir was previously shown, including an example of P. ridibundus (Babenko et al., 1973). In the above-described weather
conditions, the efficiency of preservation, transmission, and perception of the smell signal by amphibians is obviously greatly reduced. Therefore, the movement of individuals
of this species occurs not along a channeled route (following the tracks of the first
males), but on a broad front, in whose range the distribution of them is more uniform.
In P. fuscus, the degradation of populations is primarily determined by the duration
of the larval development period and the drying of spawning reservoirs before its completion. The loss of the generations appearing in dry years from populations leads to a
reduction in the numbers of mature individuals taking part in reproduction.
The low degree of influence of the position factor of the spawning reservoir in the
floodplain on P. fuscus spawning populations is due, on the one hand, to the presence of
a complex of physiological and behavioral adaptations that allow this species to survive
ПОВОЛЖСКИЙ ЭКОЛОГИЧЕСКИЙ ЖУРНАЛ № 4 2018
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long periods with low relative humidity. On the other hand, P. fuscus has a more complex age structure, including up to 16 age groups (Rot-Nikčević et al., 2001), whereas
the semi-aquatic P. ridibundus and B. bombina species in different parts of their range
have no more than 5–6 age groups (Cogălniceanu, Miaud, 2003; Yilmaz et al., 2005;
Kyriakopoulou-Sklavounou et al., 2008; Ashkavandi et al., 2012; Zhelev et al., 2014;
Ivanova, 2017). Such features allow P. fuscus to survive for a longer time the unfavorable conditions of reproduction associated with the drying up of its spawning reservoirs
until the end of tadpole metamorphosis. However, the low-water phase of the 36–38-year
Brickner water cycle, characteristic of regions with a continental climate (Shnitnikov,
1950), lasts much longer at the beginning of the 21st century than was typical for similar
periods in the previous century. Therefore, during 2010–2017, against the background of
significant changes in the size, weight and sex structure (Yermokhin et al., 2016) the
degradation of many local populations even of this terrestrial species is possible.
In the spring of 2018, an abnormally high level of water uplift in the Medveditsa
river during the flood period was observed, which was 922 cm from zero on the graph
(the third highest water rise in the flood in the last 40 years). This gives grounds to assume that the minimum of the water content of the Brickner cycle has been passed and a
phase of steady growth of the water content of the spawning lakes in the Medveditsa
river floodplain begins, which could lead to restoration of the population size and structure of amphibian communities.
The change in the status of the dominant species population in all the water bodies
surveyed leads to an increase in taxocenosis evenness and a decrease in dominance. Such
changes are usually associated with the improvement of the status of the community and
its stabilization (Megarran, 1992). Under conditions of long-lasting disturbances of the
hydrological regime of the floodplain lakes, which are key to the existence of spawning
taxocenoses of anuran amphibians, an obvious degradation of their populations occurs.
Therefore, the observed features of the taxocenosis structure dynamics look very contradictory and require additional research.
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Yermokhin M. V., Ivanov G. A., Tabachishin V. G. Structure Transformation of the Anuran Amphibian Spawning Communities in Floodplain Lakes of the Medveditsa River Valley (Saratov Region) under Conditions of Long-Term Reduction of Water Content [Ермохин М. В., Иванов Г. А.,
Табачишин В. Г. Трансформация структуры нерестовых сообществ бесхвостых амфибий
пойменных озёр долины р. Медведица (Саратовская область) в условиях многолетнего
снижения водности] // Поволжский экологический журнал. 2018. № 4. С. 404 – 417. DOI:
https://doi.org/10.18500/1684-7318-2018-4-404-417

Проанализирована структура нерестовых таксоценозов бесхвостых амфибий в
пяти пойменных озёрах в долине р. Медведица в 2009 – 2018 гг. В качестве модельных использовали два притеррасных озера (Лебяжье и Кóблово) и три озера
центральной поймы (Садок, Кругленькое и Черепашье). Установлена деградация
популяций трех наиболее многочисленных видов, снижение степени доминирования чесночницы обыкновенной. Деградации в большей степени подвержены
виды с большей дистанцией нерестовых миграций – выраженность изменений
последовательно убывает в ряду видов: Pelophylax ridibundus → Pelobates
fuscus → Bombina bombina. Показатели структуры сообществ амфибий в притеррасных озёрах Лебяжье и Коблово были стабильны. На фоне малой водности и
нестабильного гидрологического режима озёр центральной поймы с продолжительностью исследования пять и более лет были установлены три периода, характеризующих структуру нерестовых таксоценозов амфибий: стабильной структуры, резкого снижения доминирования и увеличения выравненности, увеличения
вариабельности основных показателей структуры. В конце третьего периода, характеризующего структуру таксоценозов, отмечена некоторая стабилизация основных параметров при крайне низком уровне численности половозрелых особей
всех видов амфибий. Высокий уровень весеннего половодья р. Медведица в
2018 г. определил начало выхода из аномально продолжительного периода малой
водности нерестовых озёр в пойме (с 2009 по 2017 г.) и их функционирования в
режиме временных водоёмов.. Произошедшее резкое увеличение водности пойменных озер и удлинения их гидропериода позволяет констатировать начало
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