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Saline rivers are highly productive ecosystems in arid regions. The meiobenthic community (bottom
meiofauna) and its dominant representatives are one of the least studied components of these aquatic
ecosystems. Ostracods Cyprideis torosa and Heterocypris salina are major consumers among the species
of bottom meiofauna in saline rivers flowing into the hyperhaline Lake Elton (Volgograd Region, Russia).
We estimated the abundance, biomass and production of C. forosa, the dominant species at the mouth

of the polyhaline Chernavka River (average salinity is ~30 g '), and H. salina, the dominant species at
the mouth of the mesohaline Bolshaya Samoroda River (~13 g I''), in spring (May) and summer (August).
Additionally, we studied the composition and content of fatty acids of the ostracods and their potential food
sources (bottom sediments with bacterial-algal mats). We found that the abundance and biomass (wet
weight with shells) of C. torosa in the Chernavka River and H. salina in the Bolshaya Samoroda River
reached 3.5 x 10°ind. m?® and 117 g m? and 1.1 x 10° ind. m™? and 12 g m™, respectively. The first species
formed on average about 85% of the total abundance and 96% of the total biomass of the meiobenthos,
and the second one, about 13% and 31%, respectively. The daily production of C. forosa and H. salina can
reach 249 and 36 mg m? ash-free dry weight, respectively. The results indicate that these species may
play an important role in the total flow of matter and energy in the studied habitats. Based on the fatty acid
(FA) composition of the ostracods and their food sources, it was found that C. torosa mainly consumed
diatoms, while H. salina preferred bacteria, cyanobacteria, and green algae. Differences between the
species were greater than differences between the bottom sediments from the rivers. It may mean that

the ostracods selectively consumed different food items that may be related to the different nutrient
requirements of the species. Seasonal changes in the FA compositions of the ostracods were higher than
in their food sources (bottom sediments), which also indicates selective feeding of the species.
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BACKGROUND

Nematodes, turbellarians, oligochaetes, ostracods,
and harpacticoid copepods are commonly the most
diverse and abundant metazoan groups of bottom
meiofauna (meiobenthos) inhabiting different non-
marine saline habitats, including streams. Roundworms
are usually the main representatives, but under specific
conditions, other taxa may also dominate (Giere 2009).
In inland saline rivers, the predominance of the first
larval instars of halophilic chironomid species has
been noticed (Gusakov and Gagarin 2012; Gusakov
2019). It is known that in a small and stable range of
changes in the salinity level, common factors (e.g.,
temperature, ionic composition, oxygen and nutrient
content, flow rate, characteristics of bottom sediments,
degree of overgrowth with macrophytes) can have
a noticeable effect on the distribution, diversity, and
structure of halophilic communities. At the same time,
in some habitats, periodic or sudden abrupt (in a wide
range) salinity changes are of paramount importance
(Williams 1998; Soctaert et al. 1995; Ingole and
Parulekar 1998; Coull 1999; Giere 2009; Lazareva et
al. 2010; Zinchenko and Golovatyuk 2010). Under
such conditions, the reduction of species richness of
meiobenthic communities occurs, since many halophilic
and halobiont animals can survive in a wide salinity
gradient, but successful reproduction of populations
of a considerable number of species is apparently
possible only in a relatively narrow range (Ingole and
Parulekar 1998; Coull 1999). Against the background
of low species richness, a mass development of a few
(sometimes only one-two) of the most tolerant species
is often observed. Castel (1992) categorized similar
biotopes as extreme for meiofauna. One of the typical
examples of water bodies with an unstable salinity
regime are small highly mineralized rivers, which are
exposed to precipitation and floods, and their mouths
are additionally subject to tidal and wind surges, in
general, of more saline waters from receiving basins.

Saline rivers are widespread in arid and
semiarid regions of the world. The study of these
aquatic ecosystems is of considerable importance for
comprehending the diversity, ecology and biology of
halophilic and halobiont species, trophic interactions,
and the transfer of organic matter and energy from
aquatic to terrestrial ecosystems (Williams 1987;
Ballinger and Lake 2006; Velasco et al. 2006;
Zinchenko et al. 2014). Among the various groups of
aquatic organisms living in saline rivers, the quantitative
role of bottom meiofauna is still poorly studied. Until
now, most researches of the meiobenthic community
and its major members in the salinity gradient have
been carried out in coastal lagoons and estuaries of fresh
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rivers flowing into the sea, while data from isolated
athalassic saline basins are scarce (Castel 1992; Soctaert
et al. 1995; Coull 1999; Giere 2009; Gusakov 2019).

In the southeastern European part of Russia
(the Volgograd Region), on the boundary between the
steppes and semi-deserts, there is a closed basin of the
hyperhaline Lake Elton with several inflowing rivers
differing in salinity. As preliminary studies have shown,
organisms of bottom meiofauna, in particular, ostracods
Cyprideis torosa (Jones, 1850) and Heterocypris salina
(Brady, 1868) are important components of the bottom
communities of these aquatic ecosystems. Cyprideis
torosa is a common species in all rivers, but most
abundant in polyhaline habitats. Heterocypris salina
is one of the dominant species in mesohaline rivers,
but not found at all in polyhaline rivers (Gusakov and
Gagarin 2012; Zinchenko et al. 2018; Gusakov 2019).

The Ostracoda (seed shrimps) is the most species-
rich class of Crustacea. They are widely distributed in
various biotopes around the world, from the deep sea to
temporary ponds and ground-waters. A diverse fauna of
ostracods inhabits athalassic saline aquatic ecosystems,
sometimes reaching high abundances (Heip 1976a; De
Deckker 1981; Rodriguez-Pérez and Baltanas 2008;
Giere 2009). In his review, De Deckker (1981) lists
more than 40 ostracod species known from saline
waters (> 3%o) of Europe. Due to their mobility and
behaviour, ostracods belong to the main bioturbators
among meiobenthic animals and have a considerable
impact on the structure and geochemistry of sediments.
In the habitats where these crustaceans are abundant,
their empty shells can form a major part of the bottom
sediments. Since shells of many species are preserved
well in bottom sediments, fossil ostracods have been
successfully used to indicate environmental conditions
and allow climatic reconstructions in paleolimnological
investigations (Heip 1976a; De Deckker 1981; Meisch
2000; Martens et al. 2008; Karanovic 2012; Mischke et
al. 2012).

In some saline habitats, ostracods are likely the top
of the trophic chains (Heip 1976a), and some species
can consume up to half of the total food intake of the
examined meiofauna (Olafsson et al. 1999). However,
data on the feeding spectra of ostracods, especially of
those inhabiting saline rivers, are practically absent.
Furthermore, most of the known studies on the ostracod
diet are generally based on two traditional methods:
direct examination of gut contents under a microscope
and laboratory observations on feeding behavior of
animals (Smith 2020). Both approaches have some
disadvantages (Nielsen et al. 2018). Examination of
gut contents does not always allow identification of
food objects because they are destroyed during feeding,
especially if the crustacean is an active predator,
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scraper or grinder (Smith 2020). In addition, not all
consumed objects are digested and assimilated. For
instance, some microalgae remain viable after passing
through the guts of aquatic invertebrates (Porter 1976;
Gladyshev et al. 2000). On the other hand, in laboratory
experiments, it is possible to estimate the ability of
organisms to consume only limited food sources, but
feeding behavior and trophic interactions of organisms
in the natural environment are much more flexible,
diverse, and determined by many factors that cannot be
replicated in artificial conditions.

In addition to those described above, there are
other approaches to studying the food spectra of
Ostracoda. One of them is fatty acid (FA) analysis. In
contrast to traditional methods, FA analysis indicates
food assimilated by the animal and discloses its diet
under natural conditions. FAs can be used to study
animal diets because many organisms synthesize
specific FAs characteristic only to them. Bacteria,
algae, plants, and some animal taxa synthesize specific
FAs, which are transferred through the food web and
accumulated in lipids of animals at the higher trophic
levels. FA markers of various taxa have been published
elsewhere (e.g., Kelly and Scheibling 2012; Makhutova
et al. 2013). Numerous data on trophic relationships
in aquatic ecosystems were successfully obtained
by tracking the transfer of specific FAs in food webs
(e.g., Desvilettes et al. 1997; Sushchik et al. 2003;
Taipale et al. 2009; Whiles et al. 2010; Makhutova et
al. 2013; Sauvanet et al. 2013; Galloway et al. 2015;
Golovatyuk et al. 2018; Guo et al. 2018). Besides
the use of FAs as food markers, some FAs—namely
arachidonic (ARA, 20:4n-6), eicosapentaenoic (EPA,
20:5n-3), and docosahexaenoic (DHA, 22:6n-3) acids—
are physiologically essential compounds required for
normal growth and development of animals, including
humans, and used as indicators of food quality
(Gladyshev et al. 2013).

The aim of the present work was to estimate the
abundance, biomass, and production of C. forosa and
H. salina in two saline rivers of Lake Elton basin and to
assess the role of these ostracods in the ecosystem food
webs by studying the food sources of the species using
fatty acids markers.

MATERIALS AND METHODS
Study area
Lake Elton (catchment area 1365 km’, water
surface area ~180 km?) is the largest hypersaline lake

of Europe. It is located in the southeast of the European
territory of the Russian Federation within the northern
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part of the Caspian Depression (the Volgograd Region,
110 km east of the Volga River) (Fig. 1). The main
landscape surrounding the lake is a desert steppe. The
climate is continental and dry with the annual average
air temperature of +7°C, lowest in January (down to
-36.1°C) and highest in August (up to 41.1°C). The
average amount of precipitation is 280-300 mm year”,
which is 2.0-2.5 times less than the evaporation from
an open water surface. The lake has seven small (~2.4—
59 km long) inflows (Fig. 1). The inflows are typical
lowland rivers with asymmetrical valleys, meandering
beds, and slow water flow. The rivers are mainly filled
from two sources: atmospheric precipitation (80-90%)
and groundwater. In the catchment area, salt-bearing
and carbonate sedimentary rocks predominate. A
significant mineralization gradient (commonly from 6
to ~40 g I'") is characteristic of these rivers. Detailed
description of the research area and saline rivers of the
Lake Elton basin is given elsewhere (Lazareva et al.
2010; Golovatyuk et al. 2018; Zinchenko et al. 2011
2019).

The study was carried out at the mouths of
two rivers: the polyhaline Chernavka River and the
mesohaline Bolshaya Samoroda River (hereinafter
referred to as the B. Samoroda River) (Fig. 1). The
main characteristics of the rivers and habitats studied
are given in table 1. The data on the water chemistry
were kindly provided by the Center for Monitoring the
Aquatic and Geological Environment, Ltd. (Samara,
Russia), which has a Federal license to perform
chemical analyses on surface waters.

Sampling

Samples of bottom meiofauna were collected at
the mouth of the Chernavka River in May 2019 and
in August 2009, 2017-2019, and at the mouth of the
B. Samoroda River in May 2015, 2019 and in August
2013, 2014, 2018, and 2019. For each sampling event,
three cores of the bottom sediments and near-bottom
water (about 5 cm each) were taken using a plastic
tube with diameter of 34 mm (capture area ~9 cm”’)
and pooled in one sample. The samples were fixed
with 4% formaldehyde. In the laboratory, they were
filtered through a sieve with a mesh size of 82 pm.
The sieved residues were examined using a Bogorov
counting chamber under a stereomicroscope. Cyprideis
torosa and H. salina were selected from the chamber
manually (with a pipette). Measurement of selected
ostracod specimens was performed using an eyepiece
micrometer. Their individual weights were calculated
using length-weight equations:

W=0.189 L**
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Fig. 1. Map of the study area and a scheme with the locations (points with crosses) of the sampling stations. The exact coordinates of the stations are
given in table 1.

Table 1. Values of the physical and chemical parameters (min-max) in mouths of the Chernavka and Bolshaya
Samoroda Rivers during the study period

Parameter Chernavka River Bolshaya Samoroda River
Length, km 52 24.3
Catchment area, km® 18.4 130.0

Location of the stations N 49°07.620', E 46°46.969' N 49°12.599', E 46°40.702'
Riverbed width, m 3.5 25.0

Depth, m 0.05-0.10 0.10-0.15

Current velocity, m s™ 0.05-0.20 0.01-0.05
Temperature, °C 20.0-28.0 22.0-29.6

pH 7.4-8.2 8.0-8.9

0,, mg 1" 5.9-18.6 6.7-13.0

Total mineralization, g 1" 26.5-31.0 9.8-16.0
Na+K', g 7.98-9.43 2.80-4.54

Ca”, gl 0.92-1.44 0.28-0.67

Mg”, g 1" 0.68-0.89 0.32-0.58

cr, gl 15.62-17.27 4.26-7.28

so/, gl 0.83-1.92 1.26-3.58

HCO,, gl 0.23-0.31 0.34-0.54
PO, P, mg1" 0.39-1.70 0.44-1.20
NH,-N, mg I" 4.90-30.00 0.18-8.25
NO,-N, mg I 0.03-0.10 0-0.10
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for C. torosa (Ankar and Elmgren 1976), and
W=0.15L

for H. salina (Kurashov 2002), where W is the wet
weight with shells (mg), L is the body length (mm).

Calculation of production

The production characteristics of the C. forosa
and H. salina populations were evaluated by the
physiological method (Winberg 1971). Only larval
stages of the crustaceans (there are eight in both
species) were used in the calculations. The possible
daily increase in the biomass of eggs developing in
some females was neglected.

Daily production was calculated as follows:

P=RK,/(1-K)),

where P is the production (cal m™ day™); R is the
metabolic rates (cal m™ day™); K, is the coefficient
of efficiency of assimilated food energy used for
growth, whose value for ostracods (with shells) is 0.38
(Kurashov 2002 2007).

Values of R were determined using the formula:

R=486QN,

where 4.86 is the oxycaloric coefficient (cal ml™" O,);
Q is the rate of daily oxygen consumption (ml O, ind."
day™); N is the abundance (ind. m™) (Winberg and
Lavrentieva 1984; Kurashov 2007).

The values of Q were obtained from the equations
of the relationship between oxygen consumption per
hour and animal body weight, taking into account the
temperature of the study periods:

0=03096 W, ¢q,24
for C. torosa and
0=0.0478 W,'7* ¢, 24

for H. salina (Kurashov 2007); where W,, is the average
weight of one individual (g wet weight with shells); g, is
the temperature correction. The ¢, value was estimated
using the constant Q,, = 2.25 as:

q.= 2 25(!—20/10)
where ¢ is the temperature (°C) (Winberg 1983).

To convert the calculated production from the
energy units to the biomass equivalent, the following
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values for ostracods were used: 450 cal per 1 g wet
weight with shells (Sherstiuk 1971), and 6000 cal per 1
g ash-free dry weight (Ankar and Elmgren 1976).

Fatty acid analysis

In May and August 2019, mature and premature
instars of C. torosa and H. salina were sampled in the
Chernavka and B. Samoroda Rivers, respectively. At
each sampling point, samples of the surface layer of
bottom sediments were collected (using a net with a
mesh size 82 pm) in a 2.0-liter container partially filled
with water from the studied biotope. In the laboratory,
the ostracods were withdrawn with a pipet under a
stereoscopic microscope and transferred to a Petri dish
containing a filtered water from their respective habitats.
This procedure was repeated three times: the individuals
were transferred from one dish to another every hour
to remove contaminants adhering to the shells and for
emptying of their guts. Finally, the crustaceans were
washed one more time in a dish with distilled water,
gently wiped with filter paper until the wet spots
disappeared, and weighed. Immediately after weighing,
the animals were placed in a vial with a chloroform-
methanol mixture (2:1, v/v) and kept at -20°C until
further analysis. In total, 1500 individuals of C. forosa
and 760 of H. salina were collected in three replicates
for each species in each season. In addition, bottom
sediments with bacterial-algal mats were collected from
the studied habitats. Benthic invertebrates present in
the sediments were removed under a stereomicroscope.
Then, the samples were dried at room temperature
until the surface moisture disappeared. Their weighing,
preservation and storage were carried out as described
above for ostracods.

The samples of ostracods (with shells) and
bottom sediments were homogenized, and lipids were
extracted with chloroform and methanol (2:1, v/v). Dry
lipids were then supplemented with 0.8 ml of sodium
methylate solution in methanol (8 g 1"). The mixture
was heated for 10 min at 90°C. The tubes were cooled
for 5 min at room temperature, supplemented with
1 ml of methanol: H,SO, (97:3, v/v), and methylated
for 10 min at 90°C. The fatty acid methyl esters
(FAMESs) were extracted from the mixture with 2 ml
hexane and washed three times with 5 ml of saturated
NaCl solution. The hexane extract containing FAMEs
was dried by passing it through a layer of anhydrous
Na,S0O,, and then the layer of anhydrous Na,SO, was
washed with 6 ml of hexane. Hexane was evaporated on
a rotary vacuum evaporator. FAMEs were resuspended
in 0.03 to 0.1 ml hexane prior to chromatographic
analysis. Analysis of FAMEs was conducted using gas
chromatography with a mass spectrometric detector
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(Model 7000 QQQ, Agilent Technologies, U.S.), which
was equipped with a 30 m capillary HP-FFAP column
with the internal diameter of 0.25 mm. The conditions
of the analysis were as follows: the velocity of the
helium carrier gas was 1.2 ml min; the temperature
of the injection port was 250°C; the temperature of the
heater was programmed from 120 to 180°C at a rate of
5°C min™ for 10 minutes isothermally, then to 220°C at
a rate of 3°C min™ for 5 min isothermally, and then to
230°C at a rate of 10°C min™ for 20 min isothermally;
the temperature of the chromatography/mass interface
was 270°C; the temperature of the ion source was 230°C
and that of the quadrupole was 180°C; the ionization
energy of the detector was 70 eV; and scanning was
performed in the range of 45-500 atomic units at a
rate of 0.5 sec per scan (Makhutova et al. 2017). The
data were analyzed and counted by the MassHunter
Software (Agilent Technologies). The peaks of FAMEs
were identified by the mass spectra obtained. The
content of fatty acids in the biomass was quantified
based on the peak value of the internal standard, methyl
nonadecanoate (Sigma-Aldrich, U.S.), a certain amount
of which was supplemented to the samples before the
extraction of lipids.

Statistics

To compare the mean values of percentages and
contents of each FA in the biomass of ostracods and
the bottom sediments, ANOVA, pre-checked with
Kolmogorov-Smirnov one-sample test for normality,
and Tukey HSD post hoc tests were used. To evaluate
putative differences in the overall FA composition of
ostracods and sediments, multivariate correspondence
analysis (CA) was done. Percentages of 32 FAs (see
the list below in Results with 20 FAs, plus 16:1n-9 and
16:1n-5) were used as variables, and cases corresponded
to sediment (number of samples, » = 12) and ostracod
samples (n = 12). The above statistical tests were
performed according to Legendre and Legendre (1998),
using STATISTICA software (ver. 9.0, StatSoft Inc.
Tulsa, OK, U.S.).

RESULTS
Species composition of the bottom meiofauna

The species richness of the meiobenthos varied
between 5 and 10 taxa (7 = 1 on average) in the
Chernavka River and between 7 and 18 taxa (12 + 2)
in the B. Samoroda River. In total, 15 and 26 taxa were
identified respectively in these rivers. There were three
species of ostracods among them (Table S1). Cyprideis
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torosa was the only species of ostracod found in the
Chernavka River. It was one of the most common
species of the meiofauna in the study habitats. Together
with the nematode Monhystrella parvella (Filipjev,
1931), it was present in all samples from both rivers.
In addition, in the Chernavka River, the harpacticoid
copepod Cletocamptus retrogressus (Schmankewitsch,
1875) and chironomid larvae of Cricotopus salinophilus
(Zinchenko, Makarchenko et Makarchenko, 2009)
were dominant species. In the B. Samoroda River,
the ostracod H. salina, the harpacticoid copepod
Cletocamptus confluens (Schmeil, 1894), and
chironomid larvae of Tanytarsus kharaensis (Zorina et
Zinchenko, 2009) had high frequencies of occurrence
(Table S1).

Abundance, biomass and production of the
ostracods

Cyprideis torosa was the dominant taxon of
the bottom meiofauna in the Chernavka River during
the entire study period. Its abundance and biomass in
some of the samples reached very high values, up to
3.5 x 10° ind. m™ and 117 g m”, rarely recorded in the
meiofauna or for ostracod populations (Table S1, Table
2). On average, C. torosa accounted for about 85%
of the total abundance and 96% of the total biomass
of all meiobenthos taxa in the samples. The average
proportion of adults in its population was about 17%
of abundance and 60% of biomass (Table 2). Females
ranged from 44% to 77% of the adult individuals.

The abundance and biomass of H. salina in the
B. Samoroda River in some samples exceeded 111 x
10’ ind. m™ and 12 g m™. In some periods, percentages
of H. salina reached 20-30% of the total abundance and
50-60% of the total biomass of the entire community,
and the average values were about 13% and 31%,
respectively. The average proportion of adult females
in the H. salina population (the species reproduce by
parthenogenesis, males are not known) was 40% of
abundance and 68% of biomass (Table S1, Table 2).

The production characteristics of the populations
of C. torosa and H. salina are given in table 2. The
average production of C. forosa was substantially higher
than that of H. salina. The daily production of the both
species varied considerably during the study period. Its
maximum values for each of the crustaceans were found
in August, while close to minimum ones were registered
both in May and August (Table 2).

Fatty acid composition and content

Using correspondence analysis, the species
of ostracods and the river bottom sediments were
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represented in a two-dimensional space according
to their percentages of fatty acids (Fig. 2). The first
dimension explained 70.23% of inertia of the data set,
and the second one 14.70%. Chi-square values for both
dimensions and the total Chi-square were significant (p
< 0.0001). The first dimension showed large differences
between ostracods and sediments. These differences
were mostly related to the relative composition in
18:2n-4, 22:5n-3, 22:6n-3, 22:5n-6, 18:0, 20:4n-6,
20:5n-3 and 18:1n-9 on the one hand, and 24:0, i15:0,
16:3n-3, 16:1n-7, and bacterial FAs (Sum13-17) on the
other. Indeed, significant differences were found in the
contents of these FAs between ostracods and sediments
(Table 3). Additionally, H. salina had significantly
higher percentages of 18:3n-6 compared to the bottom
sediments from the B. Samoroda River. By contrast, C.
torosa had significantly lower percentages of 14:0, 20:0,
and 117:0 compared to the bottom sediments from the
Chernavka River (Table 3).

The second dimension, although comparatively
less substantial, was also significant, indicating that
the largest differences between H. salina (especially in
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August) and the bottom sediments from the Chernavka
River in May were primarily due to 22:5n-6 and 16:4n-
1. Regarding both dimensions and FA percentages
of ostracods and sediments, there were differences
between H. salina and C. torosa, mostly associated with
the difference in the percentages of 22:5n-6 and 20:5n-
3, and differences between the sediments of the B.
Samoroda River and those from the Chernavka River,
mostly associated with the percentages of 18:3n-3 and
17:1, on the one hand, and 16:4n-1 and 24:0 on the
other hand (Fig. 2, Table 3). Additionally, H. salina had
significantly higher percentages of Sum 13-17, 17:1 and
18:3n-3, and lower percentages of 18:0 than C. torosa
(Table 3).

Ostracods and sediments showed seasonal
tendencies in the two-dimensional space. Samples of
H. salina collected in May were closer to each other
than to H. salina collected in August (Fig. 2). Indeed,
H. salina collected in May had significantly higher
percentages of 12:0, 16:4n-1, 18:2n-4, 18:3n-6 and
22:5n-3 but significantly lower percentages of 17:1,
18:3n-3, 18:4n-3 and 22:5n-6 than in August (Table 3).

Table 2. Quantitative characteristics of the populations of Cyprideis torosa and Heterocypris salina in the Chernavka
and Bolshaya Samoroda Rivers: N — abundance; N,, — relative abundance of total meiobenthos; B — biomass; B,, —
relative biomass of total meiobenthos; N,,,, — relative abundance of adults in the population; B, ., — relative biomass
of adults in the population; P — daily production in calories; P, — daily production in wet weight with shells; Pz, —

daily production in ash-free dry weight

Cyprideis torosa (Chernavka River)

Date 20.08.09 16.08.17 17.08.17 18.08.17 19.08.18 16.05.19 16.08.19 Average + SE
N, 1 x 10° ind. m* 552.0 3503.5 1927.0 3093.2 1303.6 4832 1607.7 1781.5 +476.2
N, % 90.8 85.1 79.7 86.0 76.6 78.8 94.9 84.6+2.7
B,gm” 332 117.4 87.0 94.9 85.3 479 493 73.6+12.4
B., % 96.8 99.0 98.3 98.5 93.5 94.8 93.1 96.3+1.0
Nipoi %o 18.2 9.8 15.6 7.7 22.7 374 9.1 172+43
B % 59.3 483 51.2 68.3 71.3 66.2 56.0 60.1+3.6
P, cal m? day 267.7 1495.4 1072.2 1404.8 3222 261.7 366.2 741.5 +229.1
Py, mg m” day”! 594.9 3323.0 2382.6 3121.8 716.1 581.5 813.7 1647.7 + 509.0
P oy, mg m” day”! 44.6 2492 178.7 234.1 53.7 43.6 61.0 123.6 +38.2
Heterocypris salina (B. Samoroda River)

Date 14.08.13 16.08.14 29.05.15 19.08.18 15.05.19 16.08.19 Average + SE
N, 1x 10° ind. m” 13.3 17.8 1.1 111.1 20.0 71.4 39.1+19.1
N,, % 4.1 4.1 0.5 7.3 28.4 325 12.8+6.2
B,gm” 2.6 2.3 0.2 1.6 4.1 12.6 3.9+2.0
B., % 25.8 28.9 43 47 542 66.8 30.8+11.4
Niposr %o 66.7 43.8 33.3 12 51.9 40.9 39.6+9.8
B % 86.6 75.1 65.5 25.6 83.8 72.6 68.2+9.9
P, cal m” day” 19.4 46.9 4.7 86.9 38.2 218.5 69.1+35.0
Py, mg m” day” 43.1 104.3 10.4 193.2 84.9 4855 153.6 +77.9
P oy, mg m” day” 32 7.8 0.8 14.5 6.4 36.4 11.5+58
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A similar tendency was observed for C. forosa (Fig. 2).
This species collected in May had significantly higher
percentages of 18:2n-4 and 22:6n-3 but significantly
lower percentages of 17:0, 20:4n-6 and 22:5n-6 than in
August (Table 3). Some differences between sediments
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collected in May and August were also found but they
were less considerable compared to animals (Fig. 2).
The bottom sediments from the B. Samoroda River
collected in May had significantly higher percentages
of 16:1n-7, 16:3n-3 and 16:4n-1 but significantly lower
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Fig. 2. Results of correspondence analysis of Cyprideis torosa, Heterocypris salina, bottom sediments from the Bolshaya Samoroda River and the
Chernavka River in May and August, 2019 and fatty acids (% of the total according to Table 3) represented in a two-dimensional space reproducing
85% of total inertia. Ct-A-Ch — C. torosa from the Chernavka River in August; Ct-M-Ch — C. forosa from the Chernavka River in May; Hs-A-S —
H. salina from the B. Samoroda River in August; Hs-M-S — H. salina from the B. Samoroda River in May; S-A-S — bottom sediments from the B.
Samoroda River in August; S-M-S — bottom sediments from the B. Samoroda River in May; S-A-Ch — bottom sediments from the Chernavka River

in August; S-M-Ch — bottom sediments from the Chernavka River in May.
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percentages of 15:0, 17:0, 18:0, 20:0, 24:0, 115:0, 117:0,
Sum13-17, 17:1, 18:3n-3, and 18:4n-3 than in August.
The bottom sediments collected from the Chernavka
River in May had significantly higher percentages of
16:4n-1 but significantly lower percentages of 15:0,
17:1 and 18:3n-6, than in August (Table 3).

The average contents (mg g of wet weight) of
the sum of FAs in the biomass of H. salina in May and
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August and C. forosa in May did not differ significantly
(Table 3). However, the average content of the sum
of FAs in the biomass of C. forosa in August was
significantly lower compared to H. salina in May and
August. The FAs content in the ostracod biomass was
approximately one order of magnitude higher than in
sediments (Table 3). The sum of FAs in the sediments
did not differ significantly between rivers.

Table 3. Average values of quantitatively and qualitatively prominent fatty acids (% of total fatty acids + standard error
SE), and sum content of fatty acids and contents of 20:5n-3 and 22:6n-3 (mg g”', wet weight) in bodies of Heterocypris
salina from the Bolshaya Samoroda River and in bodies of Cyprideis torosa from the Chernavka River, and in bottom
sediments of the B. Samoroda River and the Chernavka River in May and August, 2019, in the basin of Lake Elton,

Russia
Fatty acids Marker B. Samoroda River Chernavka River
Heterocypris salina Sediments Cyprideis torosa Sediments

May,n=3 August,n=3 May,n=4 August,n=2 May,n=3 August,n=3 May,n=3 August,n=3
12:0, % 0.7+0.0"  03+00° 0.6£0.1* 0400 0401 03x00° 03+0.0°  03+£0.0°
14:0 diatoms 34+01%  41+01" 40£01"  46+02° 2.8+0.1¢ 24+01° 42+03" 50+x0.1°
15:0 bacteria 1.7£0.0%  1.4+0.0™ 21+03" 3.8+0.1° 0.5+0.0¢ 0.7£0.0° 14+01% 20£0.0"
16:0 13.1£07° 14902 205+02° 243203 12301 126+02" 21.7+1.1° 209+0.0°
17:0 bacteria 1.0£0.0%  1.0£0.0* 07£0.1° 1.0£0.0* 06+0.0° 08+0.0 06+0.1° 08=0.0*"
18:0 detritivory 50£01%  53+01%  12+02° 26+0.1¢ 9.1+0.1°  99+02° 25+04° 3.1x0.1°
20:0 detritivory 0.1£0.0" 0100 0.1=0.0" 0.4+0.0° 02+£0.0" 0200 03+00° 03+0.0°
24:0 detritivory 0.1+0.0°  00+00" 02+0.0" 0.4+0.1° 0.0£0.0" 00200 09+01° 0.7+0.0°
i15:0 bacteria 0.9+0.0* 08=+0.0" 1.5+0.2% 3.0+0.1° 0.3 +0.0* 0.3 +0.0* 28+02° 28+0.1°
i17:0 bacteria 0.6+0.0* 07+00% 03+£00° 06+0.0" 0.3 +0.0° 0.2+ 0.0° 0.7+0.1*  0.5+0.0*
Sum13-17 bacteria 53+0.1" 48+01% 74+03° 12.1+03° 2.0+0.1° 23+0.1° 8.1+04% 92+03"
16:1n-7 diatoms 105+03  85+0.1" 269+09° 15.6+0.0° 7.1+0.1* 6.6+03" 21.8+1.5° 209+0.0°
17:1 bacteria 14+00" 1.7+0.0° 1.1+0.1¢ 24+0.1° 0.4 +0.0° 0.7+0.1"  06+0.0° 0.9+0.0F
18:1n-9 120+£0.9" 11.9+0.1% 39+1.0° 47+0.0° 9.5+0.1* 9.8 +0.6" 31+£04°  41+03°
18:1n-7 155403 14.0+£02"® 11.6+0.7° 154+02" 156+02° 17.0+04" 122+13% 14.0+0.0"
16:2n-7 diatoms 0.1£0.0" 01£00" 0200 01£00" 02+00" 02+00" 03+01° 03=0.0"
16:2n-4 diatoms 0.7+0.0"® 06+00" 1.1£02* 06+00" 132015 0901 22202 1.6+0.0°
16:3n-4 diatoms 12£0.1"  07£00" 14+£03"®  07+0.0" 1.0£0.1" 0600 28+07° 23+0.0"
16:3n-3 green algae 0.1£0.0" 01£00" 03=0.0" 0.0£0.0" 0000 0000 01x01" 0.0x0.0"
16:4n-1 diatoms 03+0.0"° 00+00° 05+0.0" 0.0£0.0% 05+00" 0300 0901 05+0.0"
18:2n-6 cbtgreenalgae  2.5+0.1°° 2.6=0.0" 23+05 1.6=£00" 1400 2301 09+01° 12+0.1%
18:2n-4 m/s bacteria 1.1£0.0°  08+0.0° 0.0£0.0° 0.0 £0.0¢ 14+£00°  09+0.0° 02+0.0"  02+0.0"
18:3n-6 cbt+greenalgae  0.9+0.0°  0.7+0.0°  04+0.0° 03+£0.0% 05+00° 0600 02£00° 04£0.0°
18:3n-3 cbtgreenalgae  2.2+0.1*  44+0.1° 22+02" 3.0+0.1° 1.1£0.0° 1.1£0.0° 1.0+£0.1°  0.9+0.0°
18:4n-3 dinoflagellates ~ 1.5+0.0°° 25+0.1° 1.0+02* 20+02° 13+00" 1.1+£0.0°* 05+0.1° 0.6+0.0™
20:4n-6 34+02*  29=+01" 1.3+02"8 0.9 +0.0° 3.1+0.1* 49+0.2° 0.9+0.0° 13+0.0°
20:5n-3 diatoms 100+04* 97+£02" 44+04° 23+02° 199+04° 172+05° 71+15"  57+03%
22:5n-6 02+0.0°  05+00° 0.0=0.0° 0.0 + 0.0° 0.1+ 0.0 0.2+0.0* 0.0+£0.0° 0.0+0.0
22:5n-3 0.8+0.0° 05+0.0° 0.1+0.0° 0.1+0.1¢ 0.5+ 0.0° 0.7+0.1"®  0.1+£0.1°  0.0£0.0°
22:6n-3 dinoflagellates ~ 2.0+0.1*  2.1£0.0°  0.3+0.0° 02+0.0° 25x0.1°¢ 1.8+0.0°  04+01° 02+0.0°
20:5n-3, mg g ww 1.5+£04%  15+0.0%  0.1£0.0° 0.0£0.0° 26+0.1¢ 13£02%  0.1£0.0° 0.1£0.0°
22:6n-3 0.3* 0.3* 0.0* 0.0* 0.3* 0.1* 0.0* 0.0*
T FAs 148+34% 150+02% 29+06° 06+00° 13.0+£04* 78+1.0° 13+0.1° 1.0+0.0*

Means in lines labeled with the same letter are not significantly different at P < 0.05 after Tukey HSd post hoc test (normal distribution, standard

errors are given) or Kruskal-Wallis test with multiple comparisons of mean ranks (non-normal distribution, standard errors are omitted). Sum13-17 —
sum of i13:0, ail3:0, 13:0, 115:0, ail5:0, ail5:1, 15:0, 117:0, ail7:0, ai17:1, 17:0. m/s bacteria — methanotrophic bacteria or symbiotic bacteria. cb —

cyanobacteria.

© 2021 Academia Sinica, Taiwan



Zoological Studies 60:53 (2021)

The average content of the physiologically
important eicosapentaenoic acid (20:5n-3, EPA) in
the biomass of H. salina in May and August and C.
torosa in August did not differ significantly (Table 3).
However, the average content of EPA in the biomass of
C. torosa in May was significantly higher. The average
content of another physiologically important fatty acid,
namely, docosahexaenoic acid (22:6n-3, DHA) in the
biomass of both ostracods did not differ significantly.
The average content of EPA and DHA in sediments was
similar in both rivers (Table 3).

DISCUSSION

Distribution and ecology of Cyprideis torosa
and Heterocypris salina

In the Lake Elton basin C. forosa (Syn.: C.
littoralis (Brady, 1870), C. padaschenkoi (Daday, 1909),
and C. aegyptiaca (Daday, 1910)) is known since the
first studies of its aquatic fauna (Ermakov et al. 1933;
Bronstein 1947). More recent surveys have shown that
this crustacean is one of the most common and abundant
members of the meiobenthos in the rivers flowing into
the lake. Hitherto, it is the only species of Ostracoda
registered in the polyhaline Solyanka and Chernavka
Rivers (see Fig. 1), the salinity of which is usually
25-32 g I'". The highest frequencies of the species
(89—100%) in the area have been recorded in these two
rivers and also in the mesohaline B. Samoroda River
(Gusakov and Gagarin 2012; Gusakov 2019; see Table
S1, Table 2).

Currently, C. forosa is perhaps one of the best-
known and studied living and fossil representatives
of the Ostracoda (De Deckker and Lord 2017). The
species has a wide geographical distribution. Its present
range covers Europe; Western, Central and South Asia;
and Africa, from polar and temperate to subtropical
and tropical regions. It is a euryhaline species that
populates a wide spectrum of habitats, from fresh to
hypersaline waters, but it is most common in shallow
marine lagoons, estuaries, coastal marshes, ponds,
lakes, and different athalassic brackish and saline water
bodies (Bronstein 1947; Shornikov 1974; Heip 1976a;
De Deckker 1981; Meisch 2000; Pint and Frenzel
2017; Wouters 2017). According to various sources,
the upper limit of the salinity tolerance of C. torosa
reaches 96-150 g I (De Deckker 1981; Neale 1988;
Bodergat et al. 1991; Plotnikov 2016). The species
is also able to tolerate a wide range of temperatures,
oxygen depletion, high sulfide concentration and a
variety of substrates (Gamenick et al. 1997; Mezquita
et al. 2000; De Deckker and Lord 2017). In addition to
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the general adaptation to high salinity, C. forosa ecasily
tolerates abrupt changes in salt content, as it can reach
high abundances in biotopes with considerable salinity
fluctuations (Shornikov 1974). This is the likely reason
why this species dominates at the mouths of some
tributaries of Lake Elton, in particular, in the Chernavka
River, where wind surges of brine from the lake area are
often observed.

The second ostracod species we studied, H. salina,
has been found in the study area only in the mesohaline
Lantsug, Khara, and B. Samoroda Rivers (see Fig. 1),
in biotopes with a salinity no higher than 16.3 g 1.
The species was most commonly found (in 90% of the
samples) in the B. Samoroda River (Gusakov 2019; see
Table S1, Table 2). Heterocypris salina, has a “rich”
taxonomic history. Since its original description, this
ostracod has repeatedly been rediscovered as a new
species. Therefore, at least nine synonyms of this species
are now known (Meisch 2000; Karanovic 2012). In
previous studies from the tributaries of the Lake Elton,
H. salina had been known by the name Cyprinotus
salinus (Brady, 1868) (Ermakov et al. 1933; Bronstein
1947; Lazareva et al. 2010; Gusakov and Gagarin 2012).
Its biogeographic distribution corresponds basically
to the Holarctic, although its range partially enters the
southern hemisphere. At present, the species has mostly
been found in Europe, West Asia, and North Africa
(Meisch 2000; Henderson 2002). Heterocypris salina
inhabits water bodies of different types, from freshwater
springs and wells to the littoral zones of seas, but it
prefers the slightly saline coastal and continental waters,
making it a halophilic species. According to various
observations, H. salina can be found in sites with
salinity up to 20-35 g I"', but the optimal conditions for
its development are 5-10 g I'' (Loffler 1961; Ganning
1971; Meisch 2000; Pergin-Pagal et al. 2017). It can
tolerate some harsh environmental conditions, such
as low oxygen and high sulfide concentrations, high
temperature and a high degree of organic pollution, and
is also found in intermittently drying pools (Mezquita et
al. 1999; Meisch 2000; Henderson 2002; Kubang et al.
2007; Pergin-Pacal et al. 2017).

Abundance, biomass and production

The abundance and the biomass of ostracods in the
Chernavka River were significantly higher than those in
the B. Samoroda River due to the distinct dominance of
C. torosa in the bottom meiofauna of the former river
(see Table S1, Table 2). It is well known that C. forosa
can dominate the benthic communities of saline water
bodies, sometimes reaching extremely large abundances
(Heip 1976a; Herman and Heip 1982; Gamenick et
al. 1997). Previously, the maximum abundance and
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biomass of the species was found by Heip (1976a) in a
brackish pond on the Baltic coast: up to 1.8 x 10° ind. m™
and 48.9 g m” of dry weight (with shells). These data
are in good agreement with maximum values found in
our study. Herman and Heip (1982) assumed a wet/dry
weight ratio in C. forosa of 4/1. The maximum biomass
of this species at the mouth of the Chernavka River
conformed with this, corresponding to approximately
30 g m” of dry weight (August 16, 2017; see Table 2).
However, C. torosa abundance in the same sample was
significantly higher, which can be explained by the
predominance of early age stages. The number of adults
in the population from the Chernavka River was less
than 10% of the total, while in a study by Heip (1976a),
it reached 18%. Very high abundances of C. torosa may
be associated with local aggregations of this species
at the bottom, as was shown in another work by Heip
(1976b).

Despite the lower abundance and the biomass of
H. salina in the B. Samoroda River, in some periods
this species accounted for more than a quarter of the
total abundance and biomass of meiobenthos (see
Table S1, Table 2). This ostracod is considered to be
typical, commonly occurring, and abundant in various
brackish ecosystems (Ganning 1971; De Deckker 1981;
Mezquita et al. 1999; Meisch 2000; Henderson 2002;
Valls et al. 2014; Per¢in-Pagal et al. 2017). However,
no quantitative data on the abundance and biomass of
H. salina in other water bodies were reported in the
available literature. At the same time, it is known that
some of its congeners inhabiting moderately saline
biotopes can also dominate among other ostracods in
such habitats, reaching a comparatively high density.
For instance, the maximum abundance of H. exigua
(Gauthier et Brehm, 1928) in a coastal Mediterranean
shallow oligohaline lake was found to be 200 x
10’ ind. m?, and attaining a mean annual production of
28.7 g of dry weight (with shells) m” year' (Rodriguez-
Pérez and Baltanas 2008).

Data on the production of C. forosa and H.
salina are scarce. For H. salina, they are apparently
absent altogether. We used the physiological method,
which is not accurate enough and is usually employed
for preliminary assessment of the species production
(Kurashov 2002 2007). In addition, we had only a small
number of scattered observations. Nevertheless, the
calculations performed indicate a potentially high role
of these ostracods in the transformation of matter and
energy in the studied biotopes, at least in the spring
and summer periods (Table 2). For C. torosa, more
detailed studies on this topic were carried out earlier by
Herman et al. (1983) in a shallow brackish coastal pond
in Belgium. They used two production models: the first
was based on the age-distribution of shells preserved in
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the sediment and the second was based on the analyses
of the size and frequency of living ostracods of different
developmental stages. In both cases, the results were
similar: 9.7 and 9.2 g of shell-free dry weight m™
year’, respectively. Recalculated per day, production
of C. torosa obtained by Herman et al. (1983) was
approximately 25-27 mg m™ of shell-free dry weight.
De Deckker and Lord (2017) in their review noted that
the values found by Herman et al. (1983) are impressive
and clearly emphasize the important role of the species
in trophic chains. Unfortunately, the study by Herman
et al. (1983) is still, apparently, the only example of
a thorough analysis of the productivity of C. forosa,
despite the wide distribution of this species.

As estimated in our study, the production of C.
torosa and H. salina (see Table 2) is quite comparable
with the previously obtained data on the production
of dominant representatives of the macrobenthos from
the respective rivers. Thus, Zinchenko et al. (2014)
calculated that the average production of the dominant
chironomid larvae in the Chernavka River in August
was 490 mg of dry weight m” day™, and Golovatyuk et
al. (2018) found that analogous values for the larvae of
dominant biting midges in the river of 156 mg of dry
weight m” day"' in May and 30 mg of dry weight m”
day™ in August. According to data from Golovatyuk
et al. (2020), the daily production of three chironomid
species prevailing in the macrofauna at the mouth of
the B. Samoroda River amounts to about 42—-135 mg
of dry weight m™. All in all, the comparison once again
emphasizes the importance of the studied ostracod
species in the total benthic energy flow in the examined
saline habitats.

Feeding spectra

Among the ostracod FAs, we found trophic
markers and other FAs that apparently play an important
role as structural compounds or which accumulate
for further use in various metabolic processes. The
percentages of most physiologically important FAs
did not differ between the species studied, except 18:0
and 20:5n-3 (see Table 3). The two-fold increase in
the level of 18:0 in C. torosa compared to H. salina
may indicate a lower A9 desaturase activity in the
former species. On the other hand, a high level of 18:0
is usually associated with detritivory (Hama 1999).
However, together with 18:0, the increasing levels of
bacterial FAs and long-chain SFAs are usually found
under detritivory (Makhutova et al. 2013). In contrast
to H. salina, C. torosa had a low level of bacterial FAs;
thus, a high level of 18:0 in C. forosa can hardly be
associated with detritivory. At the same time, the two-
fold increase in the level of 20:5n-3 in C. torosa appears
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to be associated with diatoms. FA markers of diatoms,
namely, 16:2n-7, 16:2n-4, 16:3n-4, 16:4n-1 and 20:5n-
3, were abundant in the bottom sediments from the
Chernavka River; therefore, diatoms could be the food
source for C. forosa. The FA markers of diatoms were
found in both ostracods, which confirms the presence of
diatoms in their diets.

The previously studied invertebrate species
inhabiting saline rivers of the basin of Lake Elton,
including the Chernavka River, were found to be
selective feeders (Zinchenko et al. 2014; Golovatyuk
et al. 2018). The FA composition of bottom sediments
in the Chernavka River, sampled in different years in
the habitats of different invertebrate species, varied
significantly. Bottom sediments confined to the
habitat of Palpomyia schmidti Goetghebuer, 1934
(Ceratopogonidae) and Cricotopus salinophilus
(Chironomidae) were poor in microalgae FA markers
but rich in decomposed organic matter and detritus
(Zinchenko et al. 2014; Golovatyuk et al. 2018). In
contrast, bottom sediments confined to the habitat of C.
torosa were rich in microalgae FA-markers, especially
FA markers of diatoms. However, all investigated
invertebrate species inhabiting the Chernavka River
had a high level of FA markers of diatoms, including
physiologically valuable EPA, and FA markers of
green microalgae/cyanobacteria. The proportions
of FA markers of diatoms and FA markers of green
microalgae/cyanobacteria in different invertebrate
species differed, which indicates the selectivity of
feeding of the species. The heterogeneity of the bottom
sediment composition was apparent: there were
places where microalgae, preferably consumed by
invertebrates, developed abundantly and places with a
high content of detritus and decomposed organic matter,
which were clearly less attractive for invertebrates.

Bottom sediments from the B. Samoroda
River confined to the habitat of H. salina were rich
in microalgae FA markers, but, in contrast to the
Chernavka River, FA markers of green microalgae/
cyanobacteria were more abundant. According to the FA
composition of H. salina, this species consumed more
green microalgae/cyanobacteria than C. forosa. Both
ostracods seemed to consume flagellates, since their FA
markers, namely, 18:4n-3 and 22:6n-3, were found in
their bodies.

The ostracods had several FAs that were absent
in the bottom sediments or were there in trace amounts
(see Table 3). One such FA was an unusual isomer,
18:2n-4. This FA was strongly associated with ostracods
and had seasonal features: both species contained
higher percentages of 18:2n-4 in May than in August.
Some PUFAs of n-4 and n-7 families, such as 16:2n-
4, 18:2n-4, 18:2n-7, 18:3n-4, 18:3n-7, and 20:3n-7, are

© 2021 Academia Sinica, Taiwan

page 12 of 16

considered as markers of methanotrophic bacteria or
symbiotic bacteria, which were found in vent mussels
and some other animals (Saito 2011). In addition to
18:2n-4, the ostracods studied here contained traces
of 18:3n-4 and 18:2n-7. Some symbiotic (intestinal)
bacteria might be the source of these polyunsaturated
fatty acids (PUFAs) in ostracods. Other previously
studied invertebrate species from the Chernavka River
did not contain 18:2n-4 or 18:3n-4 in substantial
quantities (Zinchenko et al. 2014; Golovatyuk et al.
2018). Kanapatskiy et al. (2018) identified bacteria
belonging to 20 phyla, including methanotrophic
bacteria, in the bottom sediments of the Chernavka
River and the B. Samoroda River. Thus, the bacterial
origin of these specific FAs, 18:2n-4, 18:3n-4 and
18:2n-7 in ostracods is possible, but more research is
needed to clarify this issue.

Thus, the FA markers indicated that the basis
of C. torosa diet were diatoms, while the diet of H.
salina included bacteria, cyanobacteria/green algae,
flagellates (maybe cryophytes), and also diatoms. The
feeding habits of H. salina differed between seasons: in
May, it consumed diatoms in greater proportions than
in August, but in August, it consumed more bacteria,
cyanobacteria/green algae, and flagellates. Its feeding
behavior reflected seasonal changes in the bottom
sediments in the B. Samoroda River. Cyprideis torosa
also tended to have seasonal differences in its diet, but
they were less marked than those of H. salina.

According to the literature, the majority of species
of ostracods are likely generalists. Depending on the
conditions and possibilities, they can use various sources
of food: organic detritus, bacteria, algae, fungal hyphae,
dead and living plants, dead animals and their feces, etc.
Certain species can be classified as facultative predators.
They consume not only small animals, such as
protozoans, rotifers, nematodes and small crustaceans,
but also relatively large ones, namely daphnids, non-
biting midge and mosquito larvae, oligochaetes and
polychaetes, and even fish fry by attacking them in
groups (Bronstein 1947; Liperovskaya 1948; Rossi et
al. 2011; Karanovic 2012; Smith 2020). In laboratory
experiments with Heterocypris incongruens (Ramdohr,
1808), Rossi et al. (2011) found that cannibalism could
also be a feeding strategy of ostracods. One of the
important food sources of ostracods is algae-microbial
mats (biofilms) (Gerdes et al. 1985; Lawrence et al.
2002). Biofilms are formed in large amounts in some
biotopes, in particular, in small saline rivers, such as the
tributaries of Lake Elton (Gerdes et al. 1985; Lawrence
et al. 2002; Kanapatskiy et al. 2018). Some quantitative
studies show that ostracods may be the main consumers
in the community of bottom meiofauna. Thus, in the
Baltic Sea coastal area, four ostracod species accounted
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for half of the '“C uptake of the entire meiobenthos. In
that case, the share of one species, Candona neglecta
Sars, 1887, was 46% (Olafsson et al. 1999).

Previous studies of C. torosa and H. salina diets
are scarce. Liperovskaya (1948) classified C. forosa as
a group of silt-feeding species because silt prevailed in
their guts while algae (diatoms) were found sporadically.
Heip (1976a), based on observations in a small brackish-
water pond on the Baltic coast, identified this species as
a detritivore that probably consumes bacterial biomass
that develops on organic matter. It was also noted that
C. torosa is evidently on top of the food chain in this
water body due to low diversity of aquatic fauna and
the absence of potential predators (Heip 1976a). Later,
C. torosa was identified as a selective deposit feeder,
but it was problematic to distinguish between feeding
on bacteria and feeding on other organic material, when
the species consumes the detritus (Herman and Heip
1982). Gerdes et al. (1985) ranked C. torosa with a
group of benthic primary consumers that feed mainly on
diatoms and coccoid cyanobacteria, which are abundant
in the top layers of the biofilms. Our analysis of the
FA content of the species in the Chernavka River is in
good agreement with the suggestion made by Gerdes et
al. (1985) about the predominately diatom diet of this
crustacean.

A study by Ganning (1971), which was conducted
in Baltic brackish-water rockpools, demonstrated that
H. salina mainly consumed algae. Microscopic analysis
of gut content and laboratory observations of feeding
behavior revealed that this ostracod preferred small
green algae, such as desmids, and did not consume
particles of animal origin. In summer, green algae
constituted 50 to 90% of its gut contents (Ganning
1971). Yousef and Hegab (2017) established that a
laboratory culture of H. salina successfully grows
and develops on a diet of living and dried green alga
Chlorella vulgaris. Thus, the species is probably
algophagous. However, data on H. salina diet are still
limited and do not take into consideration the possibility
of switching to alternative food sources when required.
For example, the results obtained in our study based
on the FA analysis confirmed the algae diet of this
species but added some new food sources for it, namely,
bacteria.

Differences in FA compositions between the
two studied ostracod species were more explicit than
differences between the bottom sediments from both
rivers analysed (see Table 3, Fig. 2). It may mean that
ostracods selectively consumed different food items.
There can be many reasons for selective feeding. One
of the reasons may be different nutrient requirements of
the species, which are determined by the phylogenetic
factor. Such feeding habits enable the species to inhabit
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the same aquatic ecosystem. Indeed, both H. salina
and C. torosa were found in the B. Samoroda River
(see Table S1). The key importance of the phylogenetic
factor for FA composition of invertebrates from species
to order or phylum has been revealed elsewhere (Kraffe
et al. 2008; Makhutova et al. 2011 2016; Lau et al.
2012; Gladyshev et al. 2015). It is well known that
other small aquatic crustaceans, namely Cladocera and
Copepoda, exhibit taxonomic differences in the contents
of long-chain PUFAs. Cladocera are characterized by
the high level of EPA (up to 22%) and a negligible
level of DHA and other C22 PUFAs, or a complete
lack thereof, while Copepoda are characterized by a
lower level of EPA (less than 13%) and a high level
of DHA (up to 26%) (Gladyshev et al. 2015). The
ostracods studied here were closer to Cladocera based
on these parameters: they had a high level of EPA (up
to 20.6%) and a low level of DHA (less than 2.6%), like
Cladocera. However, in contrast to Cladocera, DHA
was found in all samples of Ostracoda.

CONCLUSIONS

The present study shows that the ostracods
Cyprideis torosa and Heterocypris salina are the
dominant species of the bottom meiofauna community
in the saline tributaries of Lake Elton, reaching a
considerable abundance and biomass here. Cyprideis
torosa forms the basis of the community at the mouth of
the polyhaline Chernavka River, and H. salina is one of
the dominant species at the mouth of the mesohaline B.
Samoroda River. Our preliminary estimate indicates that
these species may be highly productive in the studied
rivers, at least in spring and summer.

Due to their high abundance and productivity, both
ostracods are important components of the food chains
of the studied habitats. The fatty acid analysis revealed
that C. forosa mainly consumed diatoms, while the
basic constituents of the H. salina diet were bacteria and
cyanobacteria/green algae. Differences between both
ostracod species were greater than differences between
the bottom sediments from the two studied rivers. It
may mean that the ostracods selectively consumed
different food items that may be related to different
nutrient requirements of the species. Seasonal changes
in the FA composition of ostracods were much higher
than in their main food sources — bottom sediments,
which also indicates selective feeding of the species.
The studied ostracods were closer to Cladocera than to
Copepoda in EPA and DHA percentages.
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