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Abstract

Freshwater ecosystems in arid and semi-arid zones of the East European Plain are characterized by
severe habitat degradation, which negatively impacts their biodiversity. This study attempts to
comprehensively examine the species richness of molluscs and determine the influence of abiotic
factors on their spatial distribution using the example of one of the river basins in southern Eastern
Europe — the Yeruslan River basin (a tributary of the Volga River). Fifteen watercourses in the
Yeruslan basin were surveyed, with 72 samples collected from the littoral and deepwater zones of
the upper, middle, and lower reaches. A total of 28 mollusc species were identified in the samples,
predominantly those with broad ranges (Holarctic, Palearctic, and Euro-Siberian). Estimating true
species richness using nonparametric methods revealed that the collected samples contained at least
90% of the expected number of species. In the small tributaries of the Yeruslan River, the dominant
species were the lymnaeids Lymnaea stagnalis (Linnaeus, 1758) and Radix auricularia (Linnaeus, 1758).
The Yeruslan River is dominated by the non-native species Dreissena polymorpha (Pallas, 1771). The
low values of Shannon diversity index recorded in the rivers of the Yeruslan basin are typical of
desert and semi-desert riverine ecosystems with low stability and productivity, caused by the
constant reduction of habitats due to periodic and/or permanent drying. It was established that the
most significant abiotic factors determining the distribution of molluscs are the bottom substrate and
the concentrations of nitrites and phosphates. Moreover, non-critical concentrations of the latter in
the water likely had a beneficial effect on the productivity of streams in an arid climate.

Keywords: freshwater mollusca; semi-arid zone; determinants of species richness; East European
plain; the Volga River basin; riverine ecology

The study of river basin ecosystems located within arid and semi-arid zones of both hemispheres
is now particularly urgent. Freshwaters across our planet are experiencing tremendous stress, they
are characterized by extremely high rates of habitat degradation and, consequently, loss of native
biodiversity. However, perhaps no other type of freshwater habitat is in such a critical state as the
ecosystems of arid and semiarid areas. Desertification, salinization of soils and surface waters,
disruption of the natural hydrological regime, and reduced river flow — this is just a short list of the
challenges threating these basins and the aquatic communities inhabiting them today [1-6].
Therefore, much effort is devoted to studying the current state and potential trends of communities
of living organisms inhabiting freshwater in desert and semi-desert regions of the Earth. Among the
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most popular subjects among researchers are freshwater benthic invertebrate communities,
characterized (normally) by relatively high taxonomic and functional diversity, and by the presence
of organisms with various life cycles and positions in ecological networks (webs). The most important
components of benthic communities in most basins globally are insects, crustaceans, molluscs,
oligochaetes, nematodes, and several higher taxa. However, the high diversity of invertebrates and
the vast area occupied by arid regions on the Earth's surface have resulted in uneven study of
freshwater communities within individual basins, macroregions, and entire continents. For many
basins, data are either completely absent, insufficient, or outdated. Therefore, case studies devoted to
particular river basins/or groups of benthic invertebrates are now of great importance.

Among the latter, freshwater molluscs (gastropods and bivalves) are in urgent need of study.
This is not to say that they have not attracted the attention of researchers. However, overall, there are
relatively few studies on freshwater Mollusca of rivers and lakes in arid and semi-arid zones i.e. [7-
11]. In addition to their applied ecological sifnificance, the molluscan communities of these regions
are of fundamental interest as model objects for studying some issues of evolution, taxonomy, and
biogeography i.e., [12-14].

This work is an example of such a specific study, the aim of which is to investigate the species
richness of freshwater mollusks and the factors determining it in a single river basin. Studies of this
kind remain relatively rare [15].

The studied riverine ecosystems belong to the Yeruslan River basin (a left tributary of the the
Volga River, in the lower course of the latter), located in the southern East European Plain within the
Saratov and Volgograd regions of the Russian Federation. The data provided in this article represent
the first attempt to provide a comprehensive ecological and taxonomic analysis of the malacofauna
of this river basin, which may make a small contribution to a better understanding of the functioning
of river ecosystems in the arid zone of the European continent.

The history of studying the freshwater fauna of the Lower Volga basin began in the late 18th
century [16]. The literature contains a number of works on the molluscs of water bodies belonging to
this basin [17-20], but the data contained therein are far from complete and are largely outdated from
the standpoint of current taxonomy and/or nomenclature. For many river basins in this region,
information on their malacofauna is completely absent. One such basin is the Yeruslan River basin,
located on the left bank of the Volga within the semi-desert and desert climatic zones. Information
on the malacofauna of this river basin is limited to just one work, published more than 90 years ago
[21]. The malacological material used by the authors can be considered fragmentary; the data
presented in this source were based on a sample made from a single station located in the lower
reaches of the Yeruslan River and include a list of six species of freshwater molluscs, without
accompanying information on the ecology and abundance of these species. The current whereabouts
of this sample remains unknown, and thus we are unable to verify or correct the content of this
species list.

Given that the Lower Volga region is currently experiencing significant climate change [22], the
availability of up-to-date, systematic data on freshwater mollusks in the river basins located within
its territory has not only fundamental but also practical importance. This area is subject to prolonged
dry periods with a total annual precipitation of 200-300 mm, and evaporation exceeds precipitation
by 2-3 times [23]. The river network in these conditions is practically undeveloped, and most small
rivers do not have a constant inflow [24]. These conditions, combined with anthropogenic factors,
intensify desertification processes in arid areas, including the Lower Volga region [25]. The riverine
fauna in these regions is depleted and has an extremely patchy distribution [26,27].

1. Material and Methods

The primary material for this research was collected in the rivers of the Yeruslan basin during
the summer period of 20152017 (Figure 1). The Yeruslan River flows through the Saratov Low Trans-
Volga region and the Caspian Lowland. It originates on the southwestern edge of the Obshchiy Syrt
Uphills and flows into the Volgograd Reservoir, forming Yeruslan Bay. The river is 282 km long, and
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its catchment area is 5,570 km?. In spring, the water level rises by 5-6 m, accounting for approximately
70% of the annual runoff. After the flood period ends, the river turns up into a series of isolated or
semi-isolated stretches, and its tributaries partially dry up [28].

Figure 1. A. Map showing the position of the Yeruslan River basin in Eurasia. B-D. Some localities sampled
during this study: Yeruslan River (B), Torgun River (C), Solenaya Kuba River (D). Photos - Roman Mikhailov.

The samples were taken from 15 lotic waterbodies, including the Yeruslan River proper.
Molluscs were found in 11 of them. A total of 72 qualitative and quantitative samples were taken at
33 sampling stations. The location of the stations was determined in such a way that they were
distributed at an equal distance from each other, which allows for maximum coverage of the upper,
middle and lower reaches of the rivers. The collection of samples was made using the standard
method [29,30]: benthic organisms were collected in the ripal (littoral) zone of rivers with a scraper
(with 0.2 x 0.5 m sampling area), or (in deeper places) an Ekman-Bergi grab (sampling area = 1/40 m?
x 2). The samples collected were washed immediately using a 0.50 mm sieve. All zoological material
was preserved in a 95% ethanol solution, which was replaced with a 70% solution after one week.
The species identification of molluscs was caried out using modern identification guides and
manuals, primarily based on shell characteristics [31-35]. The nomenclature of species and genera is
given according to the MolluscaBase database (https://www.molluscabase.org/index.php), except for
Theodoxus pallasi (see [35] for discussion on the taxonomy and nomenclature of this species).

At the sampling sites, the depth, width, and the flow velocity were measured. Water pH (by
means of a HANNA HI98127 pH meter with a thermometer) and dissolved oxygen content (by means

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.2111.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 December 2025 d0i:10.20944/preprints202512.2111.v1

4 of 17

of a HANNA HI9146 oximeter) were determined. Water samples were collected directly at the
sampling sites from the surface (up to 0.5 m depth) using a 4-liter bathometer. Hydrochemical
analysis of the samples was performed in the accredited laboratory of the Center for Monitoring the
Water and Geological Environment, LLC (Samara).

The true species richness of mollusks was estimated using nonparametric algorithms [36]
followed by plotting. Similarity coefficients were calculated using the Bruy-Kurtis index, with results
presented in ordination by means of the nonmetric scaling method (NMDS) [37]. The Palia-
Kovnatsky dominance coefficient (d) was calculated based on the abundance and occurrence of
individuals [38]. Mollusc diversity in the rivers was assessed using the Shannon index (H) and Pielou
evenness (E) [39]. Principal component analysis (PCA) was used to elucidate the distribution patterns
of molluscs across stations depending on environmental factors. The overall correlation between
abundance and environmental conditions in biotopes was assessed using canonical correspondence
analysis (CCA). The data on the abundance of individual mollusc taxa were preliminarily
transformed using the common logarithm (Ig(x+1)) to reduce the “weight” of rare species. The
significance of individual canonical axes was assessed using a Monte Carlo simulation for 999
permutations [40].

Statistical calculations were performed using Canoco version 4.5 software the R programming
language (version 4.3.0) in the RStudio integrated environment with the following packages: vegan,
Spade-R, CCA, and reshape. Differences between individual parameters were considered significant
at p<0.05.

2. Results

In total, 28 species of freshwater molluscs from 24 genera and 13 families were identified in the
surveyed watercourses of the Yeruslan River basin: Acroloxidae (1 genus, 1 species), Lymnaeidae (3
/ 4), Physidae (2 / 2), Planorbidae (5 / 5), Viviparidae (1 / 1), Valvatidae (1 / 2), Bithyniidae (2 / 2),
Neritidae (1 / 1), Lithoglyphidae (1 / 1), Dreissenidae (1 / 2), Cardiidae (1 / 1), Unionidae (2 / 3),
Sphaeriidae (3 / 3). The fauna is dominated by species with wide ranges (Holarctic and
Transpalearctic), with a certain fraction of species of Ponto-Caspian origin (Table 1).

The highest species richness of molluscs was recorded in the Yeruslan River — 22 taxa; in smaller
rivers of the basin, the number of species found varied from 2 to 10. Two pond snail species appeared
to dominate in the river fauna: Radix auricularia (64% frequency) and Lymnaea stagnalis (60%), which
can be considered widespread species in the basin (frequency > 50%).

An estimation of the true species richness of the mollusc fauna for all rivers of the Yeruslan basin
using a rarefaction curve revealed no horizontal asymptote (Figure 2). The predicted mollusc species
pool, with an increased sampling effort of 130 samples — an asymptotic straight line — is observed at
the level of 39 taxa. However, the results of the non-parametric Chao2 method show that even more
species — up to 55 — can be expected to be present within the study area.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.2111.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 December 2025 d0i:10.20944/preprints202512.2111.v1

5 of 17

60
50
40 e

» 30 LA
20 , -

0 4
0 ! !

1 10 19 28 37 46 55 64 73 82 91 100109118127
N

Figure 2. Curves of mollusc species richness in the rivers of the Yeruslan basin (S(est)) and the Chao2 algorithm.
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The extrapolated curves are truncated at the level of N = 130 to improve the clarity of the figure. S — number of
species, N — number of samples.

Table 1. Taxonomic diversity, maen density (M + SE), and number of collected specimens of molluscs in the

watercoursed of the Yeruslan River basin.

Rivers*
Sole | Zhid
Ran
Species Key Yerus | Torg | naya | kaya | Yeru | Bizy | Solya | Solya | Gorka | Otroz | Gas
ge**
lan un Kub | Solya | slan uk nkal | nka2 ya hina | hon
a nka
Acroloxus
lacustris AcL | EW 2+0.5 1+£0( | 1+0(
(Linnaeus a S 3) 1) 1)
, 1758)
Lymnaea
stagnalis | LySt 5+2.3( | 3+3(0 | 12+0( | 4#0(4 | 13+0 | 3+0. | 10x0( 11+0( | 13+0(
H 8+0(8) -
(Linnaeus | ag 24) ) 12) ) ®) 5(5) 10) 11) 13)
, 1758)
Radix
auricularia | RaA 7+3(2 | 12+5. | 425 | 7+0(7 | 5x0( | 1x0( 15+0( | 8+0(
H 2+0(2) | 620(6) -
(Linnaeus ur 7) 2(35) 7) ) 5) 1) 15) 8)
, 1758)
Stagnicola
palustris
StPa | EW | 7+51( | 4+0(4 | 3x0(3 | 1x0(1 22+0( 18+0
(O.F. - - 3+0(3) - -
1 S 27) ) ) ) 22) (18)
Miiller,
1774)
Stagnicola
StC
callomphal ES - - - - - - - - 2+0(2) - -
al
a
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(Servain,
1882)
Physella
acuta PhA 8+0.9( 2+0(2
H - _ _ - _ _ - - _
(Draparna cu 23) )
ud, 1805)
Physa
taslei PhT 15+0(
ES - - - - - - - - - -
Bourguig as 15)
nat, 1860
Planorbis
planorbis 7£5.2( | 15+0( | 1+0(1 14+0( | 82+0( 8+0(
PIP1 ES 7£0(7) -
(Linnaeus 20) 15) ) 14) 82) 8)
, 1758)
Anisus
vortex An
ES 1+0(1) - - - - - - - - - -
(Linnaeus | Vor
, 1758)
Gyraulus
acromnicus
Gy
(J.B. ES 1+0(1) - - - - - - - - - -
Acr
Férussac,
1807)
Planorbari
us corneus | PIC | EW 1+0(1 3+0.
(Linnaeus o S ) 5(5)
, 1758)
Armiger
crista ArC
ES | 5x0(5) - - - - - - - - - -
(Linnaeus ri
, 1758)
Viviparus
viviparus | ViVi 743.5( 2+0(2
ES - - - - - - - - -
(Linnaeus v 22) )
, 1758)
Valvata
piscinalis
VaP 5+3.3( | 16x6. 69+0(
(O.F. ES - - - - - - - -
is 25) 7(48) 69)
Miiller,
1774)
Valvata
ambigua | VaA
P 2+0(2) - - - - - - - - - -
Westerlun | mb
d, 1873
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Bithynia
tentaculata | BiTe 4+1.7(
ES - - - - - - - - - -
(Linnaeus n 12)
, 1758)
Opisthorch
ophorus
baudonian | Opi 2+0(
ES - - - - - - 4+0(4) - - -
us Bau 2)
(Gassies,
1859)
Theodoxus | Th 6+5(1
PC - - - - - - - - - -
pallasi Maj 2)
Lithoglyph
us
naticoides LiN 87+0(
PC - - - - - - - - - -
(C at 87)
Pfeiffer,
1828)
Dreissena
polymorph 87+46. | 211+2 | 146+
DrP
a PC 2 01.3 0 - - - - - - - -
ol
(Pallas, (433) (634) | (146)
1771)
Dreissena
bugensis DrB 192+0
PC - - - - - - - - - -
(Andruso ug (192)
v, 1897)
Monodacn
a colorata Mo 1620(
PC | 70(7) - - - - - - - - -
(Eichwald | Col 16)
, 1829)
Unio
tumidus UnT
E 1+0(1) - - - - - - - - - -
Philipsso | um
n, 1788
Unio
pictorum | UnP 2+0.3( | 2+0.9( | 2+0(2 | 1+0(1
E _ - _ _ - _
(Linnaeus ic 6) 7) ) )
, 1758)
Anodonta
anatina An 1+0(1
ES | 2+0(2) - - - - - - - - -
(Linnaeus | Ana )
, 1758)
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Sphaerium
ovale (A. | SpO
ES 1+0(1) - - - - - _ - — — _
Férussac, va
1807)
Pisidium
amnicum
PiA

(O.F. ES 1+0(1) - - - - - - - — _ _
Miller,
1774)
Musculiu
m lacustre
Mu 1+0( 102+0
(O.F. H - - - - - _ _ _ _
Lac 1) (102)
Miller,

1774)

Total 22 9 10 4 3 6 4 7 4 2 3

u_r

* In brackets is the number of collected specimens of mollusks. = not found; ** Abbreviations for
range types: E — European; ES — Euro-Siberian; EWS — Euro-West-Siberian; H — Holarctic; P —

Palearctic; PC — Ponto-Caspian.

The malacofauna of all the studied rivers exhibits a few common patterns. The dominant species
complex in the watercourses is formed by three taxa: Dreissena polymorpha, L. stagnalis, and R.
auricularia (Figure 3). Moreover, at all surveyed stations where D. polymorpha was encountered, this
species was the most abundant. In the upper reaches of the Yeruslan River, L. stagnalis and R.
auricularia predominate, while in the middle and lower reaches, only D. polymorpha is present. The
two lymnaeids, L. stagnalis and R. auricularia, were almost always the dominant species in the small
watercourses of the basin.

25¢
D. polymorpha
20l polymorp
L. stagnalis
15F R. auricularia
X
1ok
5 .
0

| 4 7 10 13 16 19 22 25 28
Species Rank

Figure 3. Dominance index (d) of mollusc species in the rivers of the Yeruslan basin.

The Shannon diversity index of molluscan communities of the Yeruslan River basin had low
values, averaging 1.05 bits/specimen (Figure 4). Its peak was observed in the middle reaches of the
Yeruslan River — 1.75 bits/specimen, and the minimum value was found in the lower reaches of the
Torgun River, 0 bits/specimen, where only one species was discovered. The average index values in
the Yeruslan River tributaries (0.99 bits/specimen) were virtually identical to those in the main river
of the basin (1.16 bits/specimen). The average value of the mollusc evenness index in the watercourses
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was 0.7120.05, which corresponds to the relative evenness of all species. Its maximum values (1.0)
were observed in the lower reaches of the Torgun River, whereas the minimum (0.22) was found in
the lower reaches of the Solenaya Kuba River. The average evenness values at the stations of the
Yeruslan River — 0.66 (t = 8.96; p = 0.00) practically did not differ from that of its tributaries — 0.73 (t =

13; p = 0.00).
101 ¢ . ’
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Figure 4. The values of the Shannon (H) and Pielou (E) indices for mollusc communities of individual stations
within the Yeruslan River basin. Abbreviations: E1-E9 — stations on the Yeruslan River; T1-T3 — stations on the
Torgun River; Sk1-Sk3 — stations on the Solenaya Kuba River; ZhS — Zhidkaya Solyanka River; Ya — Yama River;
Bil - Bi2 - Bizyuk River; Sol — Solyanka Riverl; Sol2 — Solyanka River2; Gor — Gor-kaya River; OTR — Otrozhina

River; Gash- Gashon River.

The studied rivers of the Yeruslan basin are characterized by low flow velocities of 0-0.05 (t =
4.58; p = 0.00) m/s and a maximum depth of only 3 m. The bottom substrates in most cases are
represented by sandy and sandy-silty sediments with plant detritus. The area of macrophyte
coverage is quite high and usually exceeds 50%. The rivers are characterized by high dissolved salt
contents of 235-2870 (t = 6.79; p = 0.00) mg/L, with an average temperature of 26 °C. In terms of the
ratio of predominant ions, all types of natural waters (according to classification by Alekin [41]) are
represented in the Yeruslan River basin. The main pollutants of the riverine waters are heavy metals
(see Golovatyuk and Mikhailov [42] for a more detailed hydrological and physicochemical
characteristics of the studied rivers). A principal component analysis (PCA) of the main
environmental factors in the Yeruslan River basin revealed that the main differences between stations
can be explained by ion ratios, dry matter concentration, and substrate type (Figure 5). The first axis
is primarily characterized by changes in dry matter content and macroion concentrations, while the
second axis is characterized by changes in soil type and heavy metal content in the water. Variables
related to river hydrological conditions are located along the second axis. Station No. 9 in the
Yeruslan River is situated somewhat distantly from the others in the ordination, because of it was
located in a river bay, where the habitat characteristics are significantly influenced by the waters of
the Volgograd Reservoir.
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Figure 5. Distribution of mollusc sampling stations in the Yeruslan River basin depending on environmental
factors based on principal component analysis (PCA). Vectors: T — water temperature; pH — hydrogen index; O2
— dissolved oxygen; P — phosphates; COD — chemical oxygen demand; NOs — nitrate nitrogen; NO2 — nitrite
nitrogen; NH4 — ammonium nitrogen; Pb — lead; Cd — cadmium; Mn — manganese; Zn — zinc; Ni — nickel; Cu -
copper; Ca — calcium; H2SOu — sulfates; HCI — chlorides; H2COs — hydrocarbonates; SR — dry residue; Na+K —
sodium and potassium; V — current velocity; width; depth; Mg — magnesium; gpg — hardness; G — soil type, WT
— transparency; M — macrophyte coverage area; silty-sand - silted sand; sand - sand; silty - silt; send-silty —

sandy silt; silty — PV —silt with plant debris; clay — clay. Station abbreviations as in Figure 4.

Figure 6 (a and b) shows the influence of abiotic and biotic environmental factors on molluscs in
the rivers of the Yeruslan basin as it was revealed with help of canonical correspondence analysis
(CCA). The significance of environmental factors was determined based on the Monte Carlo test
between each pair of river stations in the multidimensional space of taxon diversity (Table 2).

Table 2. Results of a step-by-step procedure for selecting environmental factors with the ordination structure of

mollusc species in the Yeruslan River basin using the Monte Carlo test.

Factor A — distributions p — value F — criterion
Sandy silt 0.50 0.004 2.95
Nitrite nitrogen, mgN/L 0.45 0.020 2.87
Phosphates, mg/L 0.36 0.034 1.99
Silty sand 0.22 0.144 1.52
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Sand 0.22 0.134 1.46
Sulphates, mg/L 0.23 0.120 1.62
Depth, m 0.21 0.096 1.56
Silt with plant debris 0.18 0.176 1.32
Nitrate nitrogen, mgN/L 0.18 0.224 1.32
Dry residue, mg/L 0.15 0.288 1.14
Hardness, mmol/L 0.12 0.476 0.94
Calcium, mg/L 0.13 0.396 1.03
Chlorides, mg/L 0.14 0.384 1.03
Na + K, mg/L 0.29 0.028 2.54
Magnesium, mg/L 0.14 0.286 1.27
Chemical oxygen demand, mg/L 0.11 0.428 1.0

Silt 0.11 0.432 0.93
Hydrocarbonates, mg/L 0.11 0.474 0.98
Copper, mg/L 0.08 0.570 0.72
Manganese, mg/L 0.13 0.344 1.16
Ammonium nitrogen, mg/L 0.13 0.390 1.08
Transparency, m 0.11 0.398 1.08
Macrophyte coverage, % 0.10 0.474 0.84

Based on its results, 11 of the 34 assessed variables were excluded from further analysis due to
low lambda values, the use of which reduces the overall correlation coefficient. Of the remaining
variables, only three have a significant effect on the distribution and abundance of molluscs. The
multidirectionality of the vectors characterizing environmental conditions indicates a high
relationship between the identified factors, which form a multicollinear complex. The loading on the
first axis is 56%, whereas all canonical axes together explain 84% of the accumulated variance. The
grouping of the factors is closely related to the position of species in the diagram. Along the main
axis, various mollusc species and sampling stations are projected, determined primarily by the type
of bottom substrate and nitrogen compounds. The second axis weakly correlates with the area of
macrophyte coverage and the phosphate content of the water. The most isolated station is located in
the Volga River backwater zone. This bay of the Yeruslan River is home to species of the Ponto-
Caspian complex — Dreissena bugensis, Lithoglyphus naticoides, and Theodoxus pallasi — confined to
deepwater areas with high transparency and a sandy bottom.
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Figure 6. Ordination diagram of the canonical analysis of the relationships between the abundance of molluscs
(a) and sampling stations (b) with environmental variables in the rivers of the Yeruslan basin. The designations

of the factors, as shown in Figure 6. For abbreviations of station names see Figure 5.

3. Discussion

Available literary sources [17,21] provide information on the presence of six species of
freshwater molluscs in the Yeruslan River basin. One of them, Viviparus duboisianus (Mousson, 1863)
[= Viviparus viviparus of the current nomenclature], belongs to Gastropoda, the rest belong to bivalves.
Of the latter, two species, listed in the literature as Anodonta cellensis C. Pfeiffer, 1821 and A. piscinalis
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Nilsson, 1823, are considered in modern taxonomy as junior synonyms of the duck mussel, Anodonta
anatina (Linnaeus, 1758) [43]. Three other species of bivalve mollusks from the Yeruslan River basin,
known from the literature, are Unio pictorum (Linnaeus, 1758), U. tumidus Philipsson, 1789 and
Pisidium casertanum (Poli, 1791) [in the current nomenclature known as Euglesa casertana; see 44]. In
the course of this research, 28 species were found in the watercourses of the Yeruslan basin, and 25
taxa from the final list were registered here for the first time (see Table 1). Of the previously recorded
species, Euglesa casertana was not found by us alive, although it can be considered almost certain that
this mollusc, which is among the most abundant and widespread representatives of the family
Sphaeriidae [44-46], inhabits the Yeruslan basin (we collected some empty shells which can belong
to it, but a molecular study is needed in order to prove his presence in this basin). A relatively high
species richness (22 species) was found within the main watercourse of the basin, the Yeruslan River,
and six species were found in its tributaries.

It should be stressed that we did not include to the statistical analyses described above the data
based on the finding of empty shells of various mollusc species in the rivers. The rationale for this is
that dry shells can be transported over long distances by running waters and also washed out during
spring floods from floodplain habitats, as well as from reservoirs located on terraces outside the
floodplain but with intermittent connections to the river channel. Therefore, it cannot be definitively
stated that these species are actually included in the mollusc community of a given river.
Nevertheless, we identified this shell material and determined that at least five species are
represented in it: Gyraulus albus (O.F. Miiller, 1774), Segmentina nitida (O.F. Miiller, 1774), Hippeutis
complanatus (Linnaeus, 1758) [all - family Planorbidae], Pseudanodonta complanata (Rossmassler, 1835)
[Unionidae], Sphaerium rivicola (Lamarck, 1818) [Sphaeriidae]. We could not find a single
representative of the indicated species alive. In addition, data from a number of rivers and stations
where molluscs were either completely absent or only empty shells were found were omitted from
the analysis. These rivers and stations were: Yama 2, Solyanka 3, Vodyanka, and Kuba.

Thus, if we consider the species represented only by empty shells, it can be argued that the
analyzed dataset is relatively complete, since our collections contain about 90% of the expected
number of species estimated using the non-parametric Chao 2 method.

The number of mollusc species recorded by us in the Yeruslan River basin was relatively low in
comparison with the species richness typical for malacofaunas of lowland rivers in the forest-steppe
and steppe zones of the East European Plain [47,48]. The species richness of the Yeruslan Basin
malacofauna is characterized by a sharp predominance of gastropods (19 species), while in other
bioclimatic zones both classes of freshwater molluscs are represented in approximately equal
proportions [47,48]. The reasons for this disparity can only be determined hypothetically. Freshwater
bivalves burrow into the bottom sediment and are therefore considered good indicators of the
stability of riverine substrate conditions [48]. However, the diversity of bottom deposits in the
Yeruslan basin is rather high. At the stations we studied, they are represented by different types, from
sand to silts with plant residues. The simplest factor explaining the reduced number of bivalve
species is probably the peculiar temperature regime in the watercourses of this region, which warm
up strongly in summer, so that the average water temperature in them can reach 30 °C [29]. In
addition, the hydrological regime of rivers is of great importance for bivalves. Low flow velocity, and
often its complete absence, negatively affects the distribution and/or density of their populations [50].
Due to these and other factors, such as the inflow of various organic pollutants as a result of
anthropogenic activities, the local biota consumes oxygen at an increased level, exceeding the oxygen
supply as a result of photosynthesis, mixing and diffusion [51]. We observed low oxygen
concentrations (7 mg/l) at most of the sampling stations, which may signal a shortage of this gas in
the aquatic environment and limit the existence of bivalves. Prolonged hypoxia can lead to high
mortality, while short-term hypoxic events often cause a decrease in growth and reproduction rates
and even behavioral changes [52].

The low values of the diversity index of molluscan communities in the rivers of the Yeruslan
basin may reflect the low productivity and stability of their host ecosystems. Considering that the
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loss of species in systems with high biodiversity has less impact on ecosystem functioning than in
systems with low biodiversity [53,54], the disappearance of even a single species will lead to the loss
of important functions and services provided by its representatvies (for example, food resources for
higher trophic levels; nutrient cycling through excretion, deposit of faeces and pseudofaeces; empty
shells may be important for ecosystem engineering processes, etc. [55,56]. The main reason for such
changes in semi-desert regions may be the reduction of habitats as a result of periodic and even
permanent drying of riverbeds.

According to the value of the homogeneity index of the studied malacocenoses, these can be
classified as relatively sustainable communities. This means that the malacofauna is in a stable state,
since the abundance of individual species in the surveyed watercourses does not vary much [57]. At
the same time, the level of species dominance remains low, and the group of dominant taxa consists
of a low number of typical euryoecous mollusc species distributed both throughout the Volga basin
and far beyond its borders [31,58].

Our data show that the bottom substrate plays an important role in regulating both distribution
and abundance of mollusks in the studied watercourses (see Figure 6). Many authors consider the
nature of bottom sediments to be one of the most influential environmental factors determining the
distribution of malacofauna [59,60]. This factor is closely related to such an important characteristic,
primarily for gastropods [61], as the area coverage with macrophytes. However, due to the fact that
this factor was not very variable in the studied watercourses, it showed a low correlation with the
abundance of mollusks.

Along with the type of bottom substrate, the viability and abundance of freshwater molluscs in
the studied watercourses are affected by the level of nitrites and phosphates in the water (see Figure
6). These nutrients are often the main components of wastewater. High levels of organic pollutants
can contribute to diseases and death of aquatic organisms and changes in the species composition of
their communities [62]. However, their concentrations in the water in the studied river basin were far
from critical, and the presence of these compounds rather increased the productivity of watercourses,
which had a beneficial effect on the distribution and development of malacofauna in the arid region.

At last, one more important factor needs to be mentioned here. It is the level of water salinity,
which affects the osmolality of freshwater mollusks [63]. The dry residue values at some our stations
reached 2870 mg/l, which is critical for many species of molluscs [29]. According to our data, species
of gill-breathing (branchiate) mollusks were absent at stations where its values were above 1000 mg/1.
The only exceptions were the non-native bivalves of Ponto-Caspian origin from the genus Dreissena.
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