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Abstract. In total, 92 taxa of cyanobacteria and phytoplankton algae, 76 zooplankton species, and 26
lower definable taxa of macrozoobenthos were registered during hydrobiological studies at four small
lakes of the Yaroslavl Oblast in 2013-2015 and 2018. According to indicators of phytoplankton and
zooplankton, Lake Ryumnikovo had the lowest trophic status (mesotrophic), but both the maximum
diversity and abundance of macrozoobenthos. Lakes Vashutinskoe, Chashnitskoe and Zaozer'e were
eutrophic, the macrozoobenthos diversity and abundance there were low, partly due to the water bloom
effect and hydrogen sulfide accumulation.
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AHHOTaumA. B xoge rugpoburonormyecknx nccrneqoBaHnii YeTbipex Manbix o3ep ApocnaBckon obna-
ctn B 2013-2015 1 B 2018 . B (bMTONNaHKTOHE ObINO BbIABNEHO 92 TakCOHa LMaHoOakTepuii U Bo-
Aopocrnen, B 300MMaHKTOHE — 76 BUOOB MMAHKTOHHBLIX XXUBOTHBIX, B MAaKp0O3006eHTOCE — 26 HU3LLMX
onpepensieMbix TakcoHoB. O3. PIOMHMKOBO MO nokasatensiM MTONMaHKTOHa M 300M1aHKTOHa UMENo
Hanbonee HM3KUN Tpodmyecknin ctatyc (Me3oTpoHLIN), B HEM OTMEYEHO MakcMmMmarnbHOe pa3Hoobpa-
31e 1 KOnM4eCcTBEHHOE pa3BuTe makpo3oobeHToca. O3epa BawyTtumHckoe, YawHnukoe 1 3aosepbe no
nokasarensiM (oMTOMITaHKTOHa M 300MN1aHKTOHA OLEHEHbI Kak 3BTPOdHbIE, a pa3Hoobpa3sue u Konmye-
CTBEHHOE pa3BMTNE Makpo3000beHTOCa B HMX ObINIO HA HU3KOM YPOBHE, B TOM YMCIe B CBA3W C BNUSIHU-
€M «LBETEHUS» BOAbI M HAKOMMEeHNs cepoBogopoaa.

KniouyeBble cnoBa: unaHobakTepmmn, BOGOPOCHN, MIAHKTOHHBIE XNBOTHbIE, OEHTOC, Marble BOOOEMBI,
obunue, Tpochryeckmn cTartyc
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Introduction

The hydrobiological researches focus mainly on large lakes, reservoirs, and rivers. The ecosystems
of small water bodies are less studied due to their large number and diversity, which makes their
monitoring especially difficult.

There are 83 lakes in the Yaroslavl Oblast (Fortunatov and Moskovsky, 1970); very small and small
lakes with a water surface area of less than 2 km?and from 2 to 10 km?, respectively (Myakisheva, 2009),
make a significant part of these. Studied water bodies (lakes Vashutinskoe, Ryumnikovo, Chashnitskoe
and Zaozer'e) are located in the eastern part of the Borisoglebsk Upland in the east of the European
Plain. Lakes Chashnitskoe, Vashutinskoe and Zaozer'e belong to the Klyazminskaya Nerl River basin.
Lake Ryumnikovo is located in the Ryumnikovo-Osoevskaya Depression, at the watershed of the rivers
flowing southeast to the Klyazminskaya Nerl River and further to the Klyazma River, and northwards to
the Sara River and further to the Kotorosl River (Fortunatov and Moskovsky, 1970).

The most detailed cadastral survey of small lakes in the Yaroslavl Oblast was carried out in the
1960s (Fortunatov and Moskovsky, 1970). For the first time, the qualitative composition of phytoplank-
ton was studied by E.N. Bolokhontsev in single samples taken in June 1902 from lakes Ryumnikovo,
Chashnitskoe and Zaozer'e (Bolokhontsev, 1903). First data on the phytoplankton of Lake Vashutinskoe
were obtained in 1963 (llyinsky, 1970). In all lakes, the dominance of cyanobacteria was noted. The first
information about the zooplankton of the studied lakes was based on survey data obtained in August —
September 1963 (Fortunatov and Moskovsky, 1970; Tsikhon-Lukanina and Chirkova, 1970). Later ob-
servations were made in September 2001 (Lyashenko et al., 2002).

The first information about the benthos of small lakes in the Yaroslavl Oblast was obtained in the
same period as about zooplankton (Fortunatov and Moskovsky, 1970; Tsikhon-Lukanina and Chirkova,
1970). Until nowadays, no other studies of benthos were performed.

The study aims to assess the current state and to identify the nature of changes in the community
structure and abundance of phytoplankton, zooplankton and macrozoobenthos in some small lakes of
the Yaroslavl Oblast.

Materials and methods

The studies were carried out in four lakes of the Rostovsky District of the Yaroslavl Oblast: lakes
Vashutinskoe, Ryumnikovo, Chashnitskoe, and Zaozer'e (Table 1). The lakes are located among the
hills of ridge-moraine relief, their basins were formed by a glacier (Novsky, 1970). Lakes Ryumnikovo,
Chashnitskoe and Zaozer'e are practically drainless; Ryumnikovo and Chashnitskoe can be flowing
only in high-water years, and Zaozer'e, only during spring floods or during long rains (Fortunatov and
Moskovsky, 1970; Lyashenko et al., 2002). Lake Vashutinskoe is a flowing river, the river flowing from it
flows into the Klyazminskaya Nerl River. The waters of Lakes are slightly mineralized. For all four lakes,
a significant increase in water mineralization in the bottom horizon was noted, which indicates the entry
of groundwater into their basins (Fortunatov and Moskovsky, 1970), a similar thing was noted in 2018
(Table 2). Most lakes are light-water. According to the pH value of Lake water Ryumnikovo is classified as
weakly acidified, the rest of the water bodies are classified as neutral (Tables 1, 2). In Lake Zaozer'e, high
pH values in 2018 are associated with cyanobacteria blooms (Belyakov et al., 2020). Lakes Ryumnikovo,
Chashnitskoe and Vashutinskoe poorly overgrown (5—-10%). In Lake Zaozer'e, the total area of thickets
of coastal-aquatic plants was 5%, and the total overgrowth, taking into account submerged vegetation
(presented by Chara sp. and Nitella sp. (Chlorophyta, Characeae)), was 100% (Lyashenko et al., 2002).
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Hydrophysical and hydrochemical characteristics of water (temperature, electrical conductivity,
concentration of oxygen dissolved in water) were measured with a multiparameter handheld portable
probe YSI-ProPlus (YSI, USA) in the surface layer (0.10 m) and at the bottom. The pH in the surface
layer was determined using a Combo HI 98129 portable analyzer (Hanna instruments, Germany),
water transparency was assessed using a Secchi disk. All measurements were carried out in July 2018
(Table 2).

Samples for studying phytoplankton were taken in the surface layer of water at a distance of about
15 m from the shore in Lake Chashnitskoe August 20, 2013, in Lake Ryumnikovo August 20, 2013 and
August 28, 2015, in Lake Zaozer'e August 20, 2014 and August 28, 2015 and in Lake Vashutinskoe
August 20, 2014. Phytoplankton was concentrated using the sedimentary method from a volume of
water of 0.5 L. The counting and determination of cyanobacteria and algae was carried out in a Nageotte
counting chamber; the biomass of phytoplankton was determined by the counting-volume method
(Metodika izucheniya..., 1975). To determine the concentration of chlorophyll a (Chl a) in plankton, a
standard spectrophotometric method was used (Sigareva, 1993).

Table 1. Characteristics of the studied lakes. S — lake area; H__ — maximum depth; H_ — average depth; K — coastline indentation
coefficient; * — original data; other characteristics are given according to: Fortunatov and Moskovsky, 1970; Lyashenko et al., 2002.
Coordinates are given in SK system WGS-84.

Lake
Parameter ) ) )
Vashutinskoe Ryumnikovo Chashnitskoe Zaozer'e
: N 56°53'58" N 56°58'30" N 56°56'32" N 56°49'20"
Coordinates E 39°03'37" E 39°22'42" E 39°22'38" E 39°21'24"
S, km? 3.10 1.53 0.54 0.32
H...m 6.5 7.2 10 10
H,,m 3.5 2.5 4.1 4.0
K* 1.23 1.10 1.20 1.17
Chromaticity, degree 30-34 32-48 45-82 35-40
pH 7.9-8.6 6.1-6.4 6.2-6.4 74
TDS, mg/L 87-108.1 16-39 21.63-38.09 44.16-94.25
Table 2. Main hydrological and hydrochemical characteristics of the biotopes of the studied lakes in July 2018: “~” — no data; | —
open littoral; Il — overgrown littoral; 11l — pelagic.
Lake
Parameter Vashutinskoe Ryumnikovo Chashnitskoe Zaozer'e
I Il 1l I Il [ I Il 1 I Il i
Sampling
depth, m 1.5 1.2 2.6 05 09 35 051 10 7.0 1.0 04 90
Water trans-
parency, m 0.8 04 0.6 05 09 14 1.0 0.9 1.0 0.3 041 0.3
pH 7.9 7.0 66 60 69 65 6.2 68 68 65 92 9
Tsurface, °C 217 221 214 223 22 222 211 218 216 21.7 234 223
T bottom, °C  21.3 21.1 - 223 219 221 212 218 105 214 234 12
O, surface,
2 mg/L — - - 89 78 84 8.1 86 89 89 19 124
O,bottom, g 79 78 78 85 03 56 110 0.18

mg/L
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In August 2014-2015, only the zooplankton of lakes Vashutinskoe, Ryumnikovo and Zaozer'e was
studied. Samples were taken in the central part of the reservoirs with a measuring bucket (sample
volume 50 I) from the surface, followed by filtration through a plankton net No. 70 (mesh size 64 um).

In the summer of 2018 (July 8-9), zooplankton and zoobenthos of lakes Vashutinskoe, Ryumnikovo,
Chashnitskoe and Zaozer'e were studied in three main biotopes: open littoral zone, overgrown littoral
zone and profundal. In Lake Vashutinskoe in the pelagic and open littoral zone, the soil was represented
by peaty silt, in the overgrown littoral zone — silted sand. In the overgrown littoral Lake Ryumnikovo soil
is peaty, in the open littoral there is coarse sand. In Lake Chashnitskoe in the open littoral zone — coarse
sand and small stones, in the overgrown littoral zone the soil is dense, rocky. In Lakes Vashutinskoe
and Chashnitskoe samples were collected in the thicket of Equisetum fluviatile L. together with Nuphar
lutea (L.) Sm., in Lake Ryumnikovo — in the thicket of Nuphar lutea, in Lake Zaozer'e — in the thickets of
Sparganium gramineum Georgi.

In open and overgrown littoral zones, zooplankton samples were taken with a measuring bucket
(sample volume of 70 L) from the surface, followed by filtration through plankton net (mesh size 64 ym).
In the central part of Lakes, tows were performed totally from the bottom to the water surface by a Juday
net (mesh size 64 ym). Samples were fixed with 40% formaldehyde to a final sample concentration of
4%. Laboratory processing of zooplankton samples was carried out according to standard methods
(Metodicheskiye rekomendatsii..., 1984). Plankton animals were identified using accepted taxonomic
keys (Kutikova, 1970; Opredelitel zooplanktona..., 2010). The cladoceran taxa is presented according
to (Korovchinsky et al., 2021), rotifers, to (Segers, 2007) and the WoRMS" database, copepods, to
WoRMS and (Opredelitel zooplanktona..., 2010). Zooplankton biomass was calculated using body
length-to-weight equations (Balushkina and Vinberg, 1979; Ruttner-Kolisko, 1977). The copepod
abundance was assessed taking into account copepodites and nauplii, assigned to a certain species in
accordance with the abundance of adults and elder copepodites. The species definition was possible
starting from the third copepodite stage; Calanoida and Cyclopoida nauplii were counted separately.
Relative abundance was calculated separately for rotifers and crustaceans. Species comprising = 5% of
the total abundance of the taxonomic group they belonged were considered dominant (Lazareva, 2010).
A number of generally accepted indices were applied to assess the state of the zooplankton community
(Andronnikova, 1996): density (thous. ind./m?®), biomass (g/m?), total number of taxa, average individual
mass of organisms (wavg), relative density of main systematic groups (NCIad/NCop; NCycI/NCaI)' Zooplankton
communities were classified using hierarchical cluster analysis based on the Bray—Curtis similarity index
and method with arithmetic mean (UPGMA). Classification was carried out using both qualitative data
(presence/absence of the species) and quantitative data (relative abundance, i.e., relative abundance
of rotifers or crustaceans) in the Past 3.0 program.

Quantitative benthos sampling was performed using a DAK-100 bottom grab (capture area 0.01 m?)
in two replications at each sampling site. After sampling, the bottom sediments were washed in benthic
net (mesh size of 212 £ 10 ym). Macrozoobenthos organisms were collected alive from the soil residues
and fixed with 8% formaldehyde. The fixed samples were processed taxonomically, quantitatively, and
statistically (Metodika izucheniya..., 1975; Pesenko, 1982; Pryanichnikova, 2020, 2021). Specific names
are given according to GBIF2. The error of the arithmetic mean M + SE is indicated for n = 3.

In each lake, large mollusks were collected qualitatively using bottom grabs. A total of 11 quantitative
macrozoobenthos samples were collected and analyzed. At Lake Chashnitskoe, benthos was not collected
in the overgrown littoral zone due to the dense rocky soil and the large number of plant rhizomes.

The state of macrozoobenthos communities were assessed by several indicators: density (N,
thous. ind./m?), biomass (B, g/m?), total and relative number of species, Shannon-Weaver diversity index
(H, bit/ind.). In order to study the trophic structure of macrozoobenthic community, all macroinvertebrate
species were divided into five groups (Izvekova, 1975; Pryanichnikova, 2020).

The trophic status of lakes was assessed using phytoplankton biomass by Kitaev scale (Kitaev,
2007), Chl a concentration, by Vinberg scale (Kitaev, 2007), taxonomic composition of zooplankton, by
Maemets trophic index and the E/O trophy coefficient (Andronikova, 1996), and macrobenthos biomass,
by Kitaev trophic scale (Kitaev, 2007).

" WoRMS Editorial Board, 2023. World Register of Marine Species. Internet resource. URL: http://www.marinespecies.org (date
access: 04/03/2022).

2 Global Biodiversity Information Facility (GBIF), 2023. Online resource. URL: https:// www. gbif. org (access date: 03/20/2022).



Zhdanova, S.M. et al., 2024. Ecosystem Transformation 7 (1), 85—119.

90

J91yo1y
B]BINUIYDS BIYILII0805)

‘u9|3 (Jebun)
eueljabaeu eiuIyaIu0IoNM

WO 18 "WIPOH “oBAA
(483yor1y) nuuewuswwa)
wnwadsoyaijoqg
‘WoY] 18 "WYoH

“3oem ("yeld 1o "ulog)
aenbe-sojj wnuiadsoyaijoqg

||lesseH esouLo} ejjauoliojSy
‘u9|3 (J8bun)

'quol)
18 "uba-Jewoy (‘wwa)
eonouuwl] eAqbuAjopueld

‘ds esdeooueydy
‘gzar 1o "AoJsey| “Woy
(1s9MN) BWISSINUIW 828YJRUY

205t (205 eueljebaeu eiuIydILuOIOM e 5102
N N ) . . "qZer 18 "AOJSeY| WOy —€10Z'TIA
WOoY 18 "WIYOH “Moe,
wmoEmem mzm\ﬁwgo\s\ (el w_oa.c Lom_u_ xu .cv_:w%mv (1sOM\) BUWISSNUILL 999YjBUY Q.\o@m uouswozijueydy
WO} 39 "WHOH oM 8/euInID Wnuwiadsoyoljod "ds esdeooueydy ) _mfoamN 19 O
(‘yer4 1@ "ulog xa ‘yuaqey) o : -ds seuowoidhio ‘woy| ““qzar “Jewoy (‘wwa) o
aJeuloJ19 wnuwiisdsoyoljod (43) SnaauLLll SN22000ULLIT w
443 (uug ‘woy (fwwa) o
BUIDOAJOA SBUOWOJBYIR| eoBULL BUSEGRUEPNSSY W
?
Q.
. ‘Huag o
w_m_m_ (19bun) -obue (Yynws ‘M) elous) o
BUBl[eboEU BILIYOILOIOM “woy| 18 "quou) (‘wwa) "Hag-abue (‘wwse)
9zer ( epooul esdesoueydy sisuaujjoseq euejbel
10 "AOJseY “woy (*quod) 19 . i . . . :
WIOY]) HULIBLILOE] B0BLJUY us|3 (1ebun) . ‘qzer wis ("IININ "O) ealpueys! ‘ny L00Z°XI
L0} 10 “qUOIT (-WweT) eueljpbaeu eluIyaIu0IOM 10 "A0JSBY “woy (‘quol) 18 wIs
eiasuy esdesoueydy woy) fluuewyoeq sdsyjeuy  (y3) ejejnuelb esesooeiny
20y (‘i) [lesseH esow.iof ejjsuoLig)Sy  -woy nbiequasem siiSA202ip
esouibniae sisAo0ioipy ‘woy| ("wwae)
BoljoULLI| BUSRGRUBPNSSH
aJozoez a0ysHuyseyD OAONIUWNAY aoysunnysep 1018W
Jeop ey
ayeT
"elep ou — —, (0202) ‘|e 10 AoyeAjag JO YJOM 8U} WOJ) U E) 8ie 8UOoZ |eJo)I| UMOIBIaA0 8y} ul ssewolq uopjueidoliyd jo senjea wnwixew — , ((0Z0zZ e 1@ AoyeAjeg :0} Buipiodoe) gLoz AN ul

pue ‘(ejep [eulbuo) GL0Z—€10zZ 1snbny Ul {(z00zZ “’|e 1@ ojuayseAT 0} Buipiodoe) |00z Joquialdas ul 1se|qO |AB|SOJeA BU} JO Saye| |lews awos ul siajaweled Ajlunwwod uopjue|doiAyd ¢ ajqel



91

Zhdanova, S.M. et al., 2024. Ecosystem Transformation 7 (1), 85—119.

- - - - 8LOZIA o
=
cOn] A . CAT - . gL0¢ 2
0'801L—0'¢c0lL L'l 8°01—99 199 —€10Z'TIA =
- - - - L00Z'XI 3

x00'8l—8¢°¢ «00'7—8L¢C x0071—69°0 007 LL—€L°L 8L0C'lIN m..%

32

Q O

09'26-05'SY oc'e 0£Z-0'L 0c'8 eip 8%

3=

. . . . . Qo

86°0 1971 LeL vl 100Z Xl -3
‘dds seuowopAwejyn elnyg N W

G ZINH
203t (zns) joyw| susbianip uokiqouiq .:.:om@mf seuowojdAip (1)) esoubnise spshooioiy w
esoulBniaesisA20.oipy wis (‘unio) Yeld 19 "UI0g X9 Sjley ‘wig D
. SR : enbiquie eilesooeiny eenbe-sojj uouswozjueydy . 6law 8L0C'IIN =
Ue|d 19 ‘uiog Xa sjey . ds euseqeUy (‘uni9) enbiquie eiesooeINY =
aenbe-soy uouswoziueydy ds euseqeuy . / Hays (zsojop) 3
"PUIH 30 "WOY| uip.elng ("IN “0) eajuojoueld xuyjouwr] Q.
(‘poyn) susnog| ejjamous ejjauipuniiy wnnjeiad o
a8, Jozoez aoysjuyseyD OAOYIUWINAY [0ysuUNNYSeA JojoW
Jes) eieg

ayen




92 Zhdanova, S.M. et al., 2024. Ecosystem Transformation 7 (1), 85—119.

The zooplankton and macrobenthos as a forage base for fish was assessed according to the
GosNIORKh classification (Pidgaiko et al., 1968).

Results and discussion

Phytoplankton

During the study period (2013—-2015), 92 taxa of algae and cyanobacteria were registered in the
phytoplankton communities of the studied lakes. Cyanobacteria abundance was significant in all lakes.
In lakes Vashutinskoe and Zaozer'e, only cyanobacteria predominated by cell density and biomass; in
lakes Ryumnikovo and Chashnitskoe, these were also Bacillariophyta, Euglenophyta and Cryptophyta
in addition to cyanobacteria (Table 3). Significant abundance of planktonic small-cell colonial cyano-
bacteria belonging to the orders Synechococcales and Chroococcales (genera Aphanocapsa, Woron-
ichinia, Anathece and Limnococcus) was a characteristic feature of the lakes. The composition of the
dominant phytoplankton species varied greatly through the study period (Table 3). However, 2001 and
2013-2015 were characterized by greater similarity in the complex of dominants. Comparing with the
published data for 2018 (Belyakov et al., 2020), significant successional transformations occurred in
the phytoplankton of the studied lakes. In 2018, cyanobacterium Aphanizomenon flos-aquae was the
dominant species in lakes Ryumnikovo and Zaozer'e (Belyakov et al., 2020). This species dominated
in these lakes in June 1902 (Bolokhontsev, 1903), but was not registered here 2013-2015 (our data).
In Lake Vashutinskoe, Limnothrix planctonica, morphologically similar to thin filamentous heterocytous
cyanobacterium Pseudanabaena limnetica, dominated in July 2018, although the latter was noted as
dominant in 2001 and 2014 (Table 3). A similar change took place in Lake Chashnitskoe: Woronichinia
naegeliana was one of the dominants in 2001 and 2013-2015, but in 2018 this species was replaced
by Snowella lacustris, similar in morphology and dominating instead (Table 3). The latter was one of the
dominants in the phytoplankton of Lake Chashnitskoe in 1963 (llyinsky, 1970).

Significant differences in the composition of the dominant species in the phytoplankton communi-
ties of the studied lakes during different survey periods are apparently explained by several reasons.
Firstly, water samples were taken sporadically and often without any repetitions at different lake sites, in
various seasons, from different depths (near the surface or integrally from the entire water column). In
2018, it was found that the pelagic and littoral zones of lakes Ryumnikovo, Chashnitskoe and Zaozer'e
differed significantly in the composition of the dominant species in phytoplankton at the same sampling
periods (Belyakov et al., 2020). Such spatial heterogeneity of habitats, which exists even in small lakes,
is usually not taken into account in monitoring. Secondly, we assume that, in addition to other factors,
the seasonal succession of phytoplankton in small lakes, associated with the change of dominant spe-
cies, proceeds much faster compared to large or deep-water lakes. The influence of both anthropogenic
and natural factors leads to a relatively rapid response of the aquatic ecosystem due to the small size
of lakes (and water volume), which is primarily reflected in a change in the species composition of phy-
toplankton. For example, the list of dominants in Lake Zaozer'e differed significantly in 2014 and 2015,
although samples were taken at the same site at approximately the same dates. In August 2014, Doli-
chospermum circinale (53%) and Microcystis aeruginosa (456%) dominated by biomass, in August 2015,
these were Gloeotrichia echinulata (70%), Woronichinia naegeliana (11%), and Microcystis aeruginosa
(12%).

Although the composition of dominants was changing greatly, the total biomass of phytoplankton
in the studied lakes does not have any trend since 2001 (Table 3). Regard must be paid to very high
biomass of phytoplankton recorded both in 2014 and 2015 in Lake Zaozer'e (Table 3). This was not
observed either during earlier (1963, 2001) or later (2018) studies (Belyakov et al., 2020; llyinsky, 1970;
Lyashenko et al., 2002). Apparently, we tend to explain this by surge phenomena, when a dense “bloom-
ing” cyanobacteria scum (> 99% by biomass) concentrates near the shore due to wind action. A similar
phenomenon is observed for Lake Zaozer'e for the first time.

Zooplankton

During the study period (2014—2015, 2018), 76 species of planktonic animals were registered; ro-
tifers and cladocerans were the most diverse groups (34 and 32 species, respectively), but not the
copepods (10 species) (Appendix 1).
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Compared to data obtained in September 2001, we have found a larger number of species in zoo-
plankton, which is associated with the collection of samples in the littoral zone of lakes in July 2018. The
list of species has been enriched with phytophilic and benthic-planktonic forms. In addition to the spe-
cies list of 2001, 11 species of rotifers, 9 species of cladocerans, and 5 species of copepods were found
in zooplankton later. Regard must be paid to the recent finding of large cladoceran crustaceans, both
phytophilic (Acroperus harpae, Sida crystallina, and Simocephalus serrulatus) and obligate predators
(Leptodora kindtii and Polyphemus pediculus). In general, the composition of zooplankton in the studied
small lakes is typical for water bodies of the Upper Volga River (Ekologicheskie problemy..., 2001; Zhda-
nova et al., 2021). Most of the species are the representatives of pond and pond-lake communities, as
well as eurytopic species, widespread throughout the Palearctic and Holarctic (Pidgaiko, 1984).

The number of species of zooplankton in the pelagic zone of lakes varied within the study period
(Table 4). Maximum values were recorded in 2018 in Lake Chashnitskoe, minimum, in 2014 in Lake
Vashutinskoe. The total zooplankton number of species is similar for the pelagic zones of lakes in 2014—
2015 and 2018: 25 species for lakes Vashutinskoe and Ryumnikovo, 23 species, for Chashnitskoe and
Zaozer'e. The cladocerans and rotifers were represented by the largest number of species in the central
part of all lakes, the opposite pattern was observed for copepods.

In July 2018, both overgrown and open littoral zones of lakes Vashutinskoe, Chashnitskoe, and
Ryumnikovo were characterized by similar or richer species lists comparing to those in the central part
of Lakes due to a larger number of thickets and, therefore, littoral cladoceran species (Table 5). On the
contrary, in Lake Zaozer'e, the lowest number of species was recorded in the overgrown littoral zone.

Four clusters, corresponding to the four studied lakes, may be distinguished at the dendrogram of
the similarity of the species composition of different areas of the studied lakes (similarity level of 0.5)
(Fig. 1). The species composition similarity of different biotopes within a lake is higher than between
Lakes, except the overgrown littoral zone of Lake Chashnitskoe, where phytophilic forms are widely
represented. Therefore, each lake has its own set of rotifer and crustacean species.

In pelagial of Lake Vashutinskoe, Asplanchna priodonta and Trichocerca cylindrica were dominating
rotifers, Chydorus sphaericus, Daphnia cucullata, and Mesocyclops leuckarti, dominating crustaceans
(Table 4). In the central part of Lake Chashnitskoe, composition of dominant species was most similar
to that in Lake Vashutinskoe. Common rotifer species were Trichocerca cylindrica and Polyarthra lumi-
nosa, crustaceans, Daphnia cucullata and Mesocyclops leuckarti.

In the central part of Lake Ryumnikovo, the composition of the dominant rotifer complex varied
greatly from year to year (Table 4), common crustacean dominants were Mesocyclops leuckarti and
Eudiaptomus graciloides.

In pelagial of Lake Zaozer'e in 2014-2015 and 2018, Euchlanis dilatata and Keratella cochlearis
were common in dominant complex of rotifers, Bosmina longirostris, of crustaceans.

The composition of the dominant species varied significantly in the pelagic zone of different lakes
and in different years. In 2014-2015, crustaceans Bosmina longirostris, Mesocyclops leuckarti, and Eu-
diaptomus graciloides were the dominant species common to all lakes, but no common dominants were
registered for all studied lakes in 2018 (Table 4).

According to the cluster analysis of the similarity of the species composition of rotifers in various
biotopes of the studied lakes, including all areas of lakes Chashnitskoe and Vashutinskoe in 2018, one
group was identified at similarity level of 0.45-0.50 (Fig. 2A). This was due to the similarity of the com-
position of dominant species (Table 5). Biotopes of Lake Ryumnikovo formed the same cluster, although
the similarity level was low, about 0.35. In 2018 in Lake Zaozer'e, all biotopes through the study period
were characterized by a distinct species composition. In 2014—2015, a specific rotifer community has
also developed in the central part of these lakes.

According to the cluster analysis of the similarity of the species composition of crustaceans, inclu-
ding the center and open littoral of lakes Vashutinskoe, Chashnitskoe and Ryumnikovo, as well as the
overgrown littoral of Lake Vashutinskoe, one group was identified at similarity level of ~ 0.5 (Fig. 2B).
This was due to the similarity of the composition of dominant species (Table 5). All overgrown areas of
Lakes, as well as the pelagic and open littoral zone of Lake Zaozer'e, were characterized by specific
composition of crustaceans, at similarity level below 0.5 (Fig. 2, Table 5).

Significant differences in the composition of the rotifer complex of lakes Vashutinskoe, Chashnitskoe,
and Zaozer'e were recorded when comparing early 2000s (2001) and late 2010s (2014—2015 and 2018)
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Table 5. Number of species (S) and composition of the dominant complex of rotifers and crustaceans in the open (I) and overgrown
littoral zone (Il) of the studied lakes in July 2018: * — indicator species of meso-eutrophic waters, ** — indicator species of oligo-

mesotrophic waters.

Lake Biotope S Rotifera dominant species Crustacea dominant species
Daphnia cucullata™
| 18 Polyarthra luminosa Chydorus sphaericus*
Trichocerca cylindrica™* Mesocyclops leuckarti
Thermocyclops crassus™
Vashutinskoe ,
Asplanchna priodonta , . -
; Bosmina longirostris
Polyarthra luminosa )
Il 22 . e Mesocyclops leuckarti
Trichocerca cylindrica .
. Thermocyclops crassus
T. capucina
Conochilus uncornis . )
Polyarthra maior Bosmina coregoni
Ceriodaphnia pulchella*
P. euryptera )
I 24 , Mesocyclops leuckarti
Keratella cochlearis ) I
s . Eudiaptomus graciloides
Kellicottia longispina ,
. Macrocyclops albidus
Synchaeta longipes
Ryumnikovo
Asplanchna herricki™* Bosmina longirostris™
Polyarthra vulgaris Diaphanosoma brachyurum
I o4 P. major Ceriodaphnia pulchella*
P. euryptera Chydorus sphaericus™
Keratella cochlearis C. gibbus
Kellicottia longispina Eucyclops macrurus
Polyarthra lgm/nosa Mesocyclops leuckarti
! 27 7 maior Thermocyclops crassus™
Trichocerca cylindrica* yelop
Bosmina longirostris*®
Chashnitskoe . . Ceriodaphnia pulchella*
Trichocerca capucina . .
L Sida crystallina
] 29 Mytilina sp. ,
. Scapholeberis mucronata
Euchlanis dilatata .
Polyphemus pediculus
Mesocyclops leuckarti
Asplanchna herricki* Bosmina longirostris*
I 16 P . , . Ceriodaphnia pulchella*
Filinia longiseta e
Chydorus sphaericus
Zaozere Bosmina longirostris*
13 Bdelloida indet. Ceriodaphnia pulchella

Chydorus sphaericus™
Mesocyclops leuckarti
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Fig. 1. Dendrogram of the similarity of species composition of different areas of the studied lakes. 1 — Vashutinskoe, 2 —
Ryumnikovo, 3 — Chashnitskoe, 4 — Zaozer'e; 14 — 2014, 15 — 2015, 18 — 2018; | — open littoral zone, |l — overgrown littoral zone,
Il — pelagic zone.

(Tables 5, 6). In highly trophic lakes, the composition of dominant rotifer species varied significantly from
year to year depending on the season (Zhdanova et al., 2021). Conochilus unicornis and Kellicottia
longispina were common only in Lake Ryumnikovo for both periods. In the dominant complex of crus-
taceans, Chydorus sphaericus, Mesocyclops leuckarti, and Eudiaptomus graciloides were the species
common to 2000s and late 2010s. During our studies, in late 2010s, the composition of dominants tur-
ned out to be richer (Tables 4, 6). This may be due to later season observations in 2001 and low water
temperatures, so summer forms have already disappeared from the plankton community.

In 2014-2015, the density and biomass of zooplankton were the highest in the central part of Lake
Vashutinskoe, but significantly lower in lakes Ryumnikovo and Zaozer'e (Table 4). In Lake Vashutinskoe,
rotifers dominated by density and biomass due to the development of Asplanchna priodonta, comprising
81% of total zooplankton density and 88% of total zooplankton biomass. In lakes Ryumnikovo and Zaoz-
er'e, copepods dominated, the absolute dominants were Eudiaptomus graciloides and Mesocyclops
leuckarti; cladocerans made a significant contribution; while rotifers had a minimal share of zooplankton
density and biomass (Table 4).

In 2018, the zooplankton density was high in the central part of lakes Vashutinskoe and Zaozer'e, but
it was significantly lower in lakes Ryumnikovo and Chashnitskoe (Table 4, Fig. 3). In lakes Vashutinskoe,
Ryumnikovo, and Chashnitskoe, rotifers had the main share by density; in Lake Zaozer'e, these were
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Fig. 2.Dendrogram of the similarity of the species composition of rotifers (A) and crustaceans (B) of the studied lakes. Legend
similar to Fig. 1.
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cladocerans. Crustaceans made a significant contribution to zooplankton biomass in all lakes (Table 4).
In Lake Ryumnikovo, copepods dominated (Eudiaptomus gracilodes, 52% of the total biomass), in other
lakes, these were cladocerans (genus Daphnia, up to 48%).

In the pelagic zone of lakes Vashutinskoe and Ryumnikovo, total zooplankton abundance was high-
er than in shallow waters (density, by 2—3 times; biomass, by 4-10 times). In Lake Vashutinskoe, low
density and biomass of zooplankton in the littoral zone in the thicket of Equisetum fluviatile together with
Nuphar lutea were caused by a decrease in the abundance of cladocerans (Fig. 3), mainly Daphnia cu-
cullata. In the thicket of Nuphar lutea of Lake Ryumnikovo, both cladocerans and copepods dominated,
mainly Diaphanosoma brachyurum, Chydorus sphaericus, and Eudiaptomus gracilodes. Typical plank-
tonic and phytophilic, planktobenthic species were found less abundant in shallow waters.

In the pelagic zone of Lake Chashnitskoe, on the contrary, the zooplankton density was lower by
1.5 times, the biomass, by 7 times, comparing to those in the littoral zone (in horsetail-water lily thickets)
due to the active development of phytophilic and littoral species (Sida crystallina and Polyphemus
pediculus).

In Lake Zaozer'e, the zooplankton density in shallow waters was 2.2 times higher due to an increase in
the abundance of cladocerans (Ceriodaphnia pulchella, Chydorus sphaericus, and Bosmina longirostris),
also dominant in pelagic zone (Table 5). Biomass varied slightly. The clear boundary between its littoral
zone and the central part is less pronounced in this lake due to its morphometry (rounded shape, slightly
rugged shores, absence of islands). The dominant zooplankton complex formed in the littoral zone as
a result of the surge was similar to that in the pelagic part (Semenchenko et al., 2013). Here, flora was
depleted, which was associated with the coastline peculiarities and active water blooming in summer.
Higher phytoplankton biomass with predominance of cyanobacteria (91-99%) was recorded in shallow
water compared to the pelagic zone in both biotopes (Belyakov et al., 2020).

It is well-known that the characteristics of lake basins influence the formation of the thicket zone
and the diversity of macrophyte associations, which is also reflected in the zooplankton community
structure (Lobunicheva et al., 2020; Scheffer, 2001; Semenchenko et al., 2013). In the littoral zone,
when coastal-aquatic plants dominate in the thickets, zooplankton are characterized by relatively low
quantitative indicators (Kulikova and Ryabinkin, 2015). In lakes, where the depths increase gradually,
the coastline is indented significantly, and the thickets of macrophytes are diverse, a higher zooplankton
abundance in overgrown shallow waters is typical compared to open water (Lobunicheva et al., 2020).
Accumulations (or aggregations, or swarms) of some cladoceran species (Polyphemus pediculus,
Bosmina longirostris, Scapholeberis mucronata, genus Ceriodaphnia) orderly for more efficient use of
favorable environmental conditions (feeding shelter, breeding) is one of the reasons for the extremely
uneven distribution of zooplankton in the overgrown littoral zone (Naumova, 1993).

It was difficult to identify any trends in the zooplankton structure and density in the studied lakes,
since the observations were sporadic. Currently, higher values of zooplankton density were recorded
(1.6—4.0 times) than in the early 2000s, which was mainly due to later calendar observation dates in
2001 and low water temperatures. In 2001, crustaceans dominated by abundance in the lakes (48-99%
of total density) (Lyashenko et al., 2002); a similar pattern was observed in 2014—2015, except Lake
Vashutinskoe, where Asplanchna rotifers were numerous during cyanobacteria bloom. In 2018, rotifers
dominated in all the lakes, except Lake Zaozer'e. However, biomass values were both higher and lower
than observed earlier in September 2001 (Tables 4, 6).

Macrozoobenthos

A total of 26 lower definable taxa (LDT) were recorded in the lakes, most of which were larvae of
amphibiotic insects (19 LDT), including chironomids (12 LDT) (Table 7, Appendix). The highest species
richness of benthos was noted in Lake Ryumnikovo, where benthic organisms were present in the
samples obtained from all major biotopes. A total of 14 LPTRs were identified here, 10 of which were
observed in the open littoral zone. The main species in lake were the larvae of amphibiotic insects, e.g.,
chironomids (8) and some others (caddisflies, biting midges, horseflies, greenflies, and chaoborids). The
lowest species richness was noted in Lake Vashutinskoe, where chironomids (3), biting midges (1), and
mollusks (2) were recorded. This was the only reservoir where mollusks were found and oligochaetes
were absent. Other annelids (leeches) were represented in the open littoral zone of lakes Zaozer'e
and Chashnitskoe by one species, Helobdella stagnalis. During qualitative sampling, two specimens
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Fig. 3. Density (A) and biomass (B) of zooplankton in various biotopes of the studied lakes in July 2018.
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of large mollusks Anodonta and several representatives of Lymnaea were discovered only in the
littoral part of the western shore of Lake Vashutinskoe. In quantitative samples, mollusks were absent
in all lakes, although Pisidium subtruncatum Malm, 1855, which is currently a synonym for Euglesa
subtruncata Malm, 1855 (GBIF; MolluscaBase?®), was noted previously in Lake Ryumnikovo (Fortunatov
and Moskovsky, 1970).

Only one species, represented singly (1-3 specimens per sample), has been found in the open
littoral zone of Lake Vashutinskoe, overgrown littoral zone of Lake Ryumnikovo, and profundal of Lake
Chashnitskoe. For this reason, identifying a complex of dominant macrobenthos species for these
biotopes was impossible.

In the open littoral zone of Lake Ryumnikovo, the highest density of benthos for all lakes (2550 ind./m?)
was noted in addition to high species richness (Fig. 4A). Chironomid larvae Microtendipes gr. pedellus
constituted the main part of (53%) of the total density of benthic invertebrates in this area of the lake
(Table 7). In the open littoral zone of other lakes, the benthos density varied from 50 to 450 ind./m?.

Thicket fauna shapes largely benthic communities under plants, as aquatic organisms move between
two biotopes (lvicheva et al., 2021). The benthos density in the overgrown littoral zone of the studied
lakes averaged 317 + 241 ind./m2. Most of the benthos in the thickets was represented by the larvae
of amphibiotic insects, which were typical representatives of phytophilic fauna (lvicheva et al., 2021;
Pryanichnikova and Zhgareva, 2020).

The maximum biomass was noted in the profundal of Lake Ryumnikovo (Fig. 4B), large larvae
of Chironomus gr. plumosus formed a significant part of it (99%) (Table 8). The minimum biomass of
macrobenthos was recorded (0.8 g/m?) in the central part of Lake Chashnitskoe, where only Chaoborus
flavicans was present. There was no macrobenthos in the profundal of lakes Vashutinskoe and Zaozer'e.
This was probably due to the water blooming in these lakes (Belyakov et al., 2020). The absence of
benthic phytodetritivorous filter feeders (Fig. 5), usually represented in water bodies by bivalves, may
also contribute to the changes in the accumulation and distribution of organic matter. A significant amount
of oxygen is consumed for the oxidation of organic substances, which may lead to its deficiency in the
near-bottom water layers, which has been recorded in the studied lakes (Table 2). This, in turn, leads to
the disappearance of oxyphilic species and their replacement by the species that are less demanding
of oxygen. Typically, these are short-cycle r-strategic species with high rates of biomass turnover, which
are characterized by significant fluctuations in density and biomass (Alimov, 2000).

Table 7. Number of species of the main taxonomic groups of macrozoobenthos in the studied lakes in 2018.

Taxonomic group . ) Lake .

Vashutinskoe Ryumnikovo Chashnitskoe Zaozer'e

Chironomidae 3 8 4 4

Oligochaeta 0 2 1 2

Hirudinea 0 0 1 1

Mollusca 2 0 0 0

Others 1 4 1 1

Total 6 14 7 8

3 MolluscaBase, 2019. Online resource. URL: https://www.molluscabase.org/aphia.php?p=taxdetails&id=1340286 (Access date
August 20, 2022).
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On Lake Vashutinskoe, the smell of hydrogen sulfide was noted. Most likely, benthic invertebrates
were absent in the deep-water zone for this reason. An increase in the process of sulfate reduction
under anaerobic conditions leads to the release of hydrogen sulfide (Kuznetsov, 1970), which has a
toxic effect on most organisms and causes their death. An inverse relationship has been noted between
the concentration of H,S and the amount of benthos biomass in bottom sediments (Sorokin, 1961). For
example, in Lake Nero, where a high level of sulfate reduction is observed (Sokolova, 2004 ), the benthos
biomass is quite low (Bakanov, 1991). Similar pattern has been reported for the Cheremshansky and
Suskansky bays of the Kuibyshev Reservoir, where the benthos biomass did not exceed 1-2 g/m?
(Sorokin, 1960). In the absence of hydrogen sulfide contamination of the sediment, the latter reached
60 g/m2. According to OST 15.372-874, the presence of hydrogen sulfide in water bodies of fishery
importance is not allowed. In addition, the oxidation of hydrogen sulfide leads to the occurrence of death
phenomena (Konstantinov, 1986).

In general, the fauna and abundance of lake benthos is formed by species tolerant to oxygen
deficiency in the near-bottom water layer, e.g., oligochaetes Limnodrilus (Vorobiev et al., 2008) in lakes
Zaozer'e and Chashnitskoe, Chironomus gr. plumosus (Kashirskaya et al., 1983) in lakes Vashutinskoe
and Ryumnikovo, and Chaoborus flavicans (Tumanov and Galantseva, 2009) in Lake Chashnitskoe.

In the middle of the XX century, the macrobenthos of lakes was quite poor both in species composition
and in abundance. In Lake Vashutinskoe, the benthos density was 80 ind./m? according to previous
studies (Tsikhon-Lukanina and Chirkova, 1970), which on average corresponded to our data (Fig. 4A).
The benthos biomass was earlier almost five times less than observed during our studies. This is due to
the fact that we have noted large chironomids Chironomus gr. plumosus (up to 25 mm) in the benthos,
while in the 1960s, chironomids Pelopia villipennis (= Tanypus Vvillipennis, GBIF), quite small in size
(<10 mm) prevailed. Having equal numbers with Chironomus gr. plumosus, they produce lower biomass.
In Lake Zaozer'e, Chironomus gr. plumosus made a significant contribution to macrobenthos biomass
(up to 72%) earlier (Fortunatov and Moskovsky, 1970). Currently, this species has not been found in
the benthos of this lake. The biological characteristics of Chironomus gr. plumosus may be the reasons
for its absence here (Motyl..., 1983). For example, this was oxygen deficiency in the near-bottom water
layer in the profundal (Table 2), where representatives of macrobenthos were also completely absent.
The quantitative parameters of benthos in lakes Chashnitskoe and Ryumnikovo have remained virtually
the same, being consistent with the data of previous studies (Tsikhon-Lukanina and Chirkova, 1970).

In the trophic structure of benthic communities of lakes, only four groups out of five possible
were present: (1) phytodetritivores-filter feeders+collectors, (2) detritivores-gatherers, (3) detritivores-
collectors, and (4) active predators. There were no phytodetritivorous filter feeders in the macrobenthos.
In all lake biotopes, the first group dominated both by abundance (Fig. 5A), where chironomid larvae
were the main representatives of this group, and by biomass (Fig. 5B). In deep-water biotopes, the
main process is the sedimentation of detritus from the water column (Konstantinov, 1986), therefore,
the predominance of any detritivores is quite natural. In the open littoral zone, predators had a high
relative biomass, while in the overgrown littoral zone, collecting detritivores predominated. The share of
predators and their taxonomic diversity depend directly on each other. In ecologically safe water bodies,
the share of predators varies within 10-30% of the total benthos density (Alimov, 1994). These values
correspond to high values of the Shannon index (= 3 bit/ind.) (Yakovlev, 2005). In the open littoral zone
of the studied lakes, the share of predators was on average 48 + 21% of the biomass, but the Shannon
index was only 1.6 + 0.7 bit/ind. In the overgrown littoral zone of small lakes, detritus sedimentation
predominates; therefore, this biotope is characterized by the predominance of detritivores-gatherers
and collecting detritivores (Yakovlev, 2005). Detritivores-collectors also dominated in the overgrown
littoral zone of the studied lakes (Fig. 5B).

Trophic status of lakes

The Chl a concentration in the studied small lakes has been assessed as the main indicator of
the trophic state of water bodies for the first time (Table 3). Lakes can be arranged in the following
series by increasing trophic status: Ryumnikovo < Chashnitskoe < Vashutinskoe < Zaozer'e. Based on
phytoplankton biomass and Chl a concentration, the trophic status of Lake Ryumnikovo corresponded to

4 OST 15.372-87 Nature conservation. Hydrosphere. Water for fish farms. Industry standards.
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Fig. 4. Density (A) and biomass (B) of the main taxonomic groups of macrobenthos in the studied lakes in 2018. | — open littoral
zone, Il — overgrown littoral zone, Il — profundal.
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Table 8. Density and biomass of the main macrobenthos species of the studied lakes in 2018: | — open littoral, Il — overgrown
littoral, Il — pelagic. Values above the line are density (ind./m?), below the line, biomass (g/m?).
Lake
Species Vashutinskoe Ryumnikovo Chashnitskoe Zaozer'e
I I 1] I I I
Limnodrilus hoffmeisteri - - - % g—% %
Chrysops sp. - - - - - %
Einfeldia carbonaria - - - - % -
Chironomus gr. plumosus % - SL% - - -
Microtendipes gr. pedellus - 15’% - - - -
Cryptochironomus obreptans - - - (% g—% g’—a

the mesotrophic state. In terms of microalgae biomass, Lake Chashnitskoe was close to mesotrophic —
slightly eutrophic water bodies; however, high Chl a concentration in plankton indicated the eutrophic
status of this lake. Lake Vashutinskoe may be classified as a highly eutrophic lake both in terms of
phytoplankton biomass and Chl a content. Lake Zaozer'e is a highly productive lake approaching a
hypertrophic state. The preliminary assessments of the trophic status of the studied lakes should be
treated with certain doubts since traditionally the trophic state of a lake is assessed reliably only by
monitoring long-term average phytoplankton productivity indicators over the growing season.

Assessment of the trophic status of lakes based on zooplankton characteristics plays a supporting
role (Andronikova, 1996). According to data obtained in 2014-2015 and 2018, the highest trophic
index (E/O) and trophy coefficient (E) were noted in lakes Zaozer'e, Vashutinskoe, and Chashnitskoe,
corresponding to the eutrophic status. The dominant species of rotifers and crustaceans in these lakes
were represented mainly by the indicator species of meso-eutrophic conditions. In Lake Ryumnikovo,
trophicity indicators were lower, which made it possible to characterize it as mesotrophic. Indicator
species of oligomesotrophic conditions dominated in this lake (Table 4).

The ratio of zooplankton biomass to phytoplankton biomass reflects the trophic state of water
bodies: its values decrease with increasing trophicity. In eutrophic lakes, grazing food chains are
weakened and detrital food chains are strengthened, so the share of bacteria and detritus in ration of
zooplankton organisms is much larger than that of phytoplankton (Andronikova, 1996). In lakes Zaozer'e,
Vashutinskoe, and Chashnitskoe, the values of B, /B, were significantly less than 1 (Table 4), which
was typical for highly trophic water bodies; while in Lake Ryumnikovo these values were typical for
mesotrophic waters. In September 2001, Lake Ryumnikovo was also considered mesotrophic in terms
of zooplankton, and other lakes, eutrophic (Lyashenko et al., 2002).

The trophic status of some lakes according to benthos indicators, reported earlier (Fortunatov
and Moskovsky, 1970; Tsikhon-Lukanina and Chirkova, 1970), differed from the results we obtained.
Currently, the trophic status of lakes Chashnitskoe and Vashutinskoe remains the same (oligotrophic).
For Lake Ryumnikovo, it changed from B-mesotrophic to a-mesotrophic, for Lake Zaozer'e, from S-eu-
trophic to B-mesotrophic.

Inconsistency in the trophic status in terms of benthos and phytoplankton is typical for highly trophic
ecosystems with extreme hydrophysical conditions near the bottom and upper layer of bottom sedi-
ments. A similar pattern was noted for lakes Nero, Vozhe, and Lacha (Pryanichnikova, 2021; Pryanich-
nikova and Zhgareva, 2020).
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Fig. 5. Density (A) and biomass (B) of the trophic groups of macrobenthos in the studied lakes in 2018. DV-C — detritivores-
collectors; PHDV-F+C — phytodetritivores-filter feeders+collectors; DV-S — detritivores-gatherers; AP — predators-active predators.
| — open littoral zone, Il — overgrown littoral zone, Il — profundal.

Potential forage base in lakes

Benthic organisms provide food for invertebrates, fish, as well as for some species of birds and
mammals. Benthophagous fish were previously noted in all lakes: Lake Vashutinskoe (roach and tench),
Lake Zaozer'e (golden carp and roach), Lake Chashnitskoe (roach and bream), and Lake Ryumnikovo,
roach (Chirkova, 1970; Fortunatov and Moskovsky, 1970). The macrozoobenthos constituting food fish
includes all soft-body benthos (oligochaetes, polychaetes, crustaceans, and insect larvae), as well as
mollusks with a shell size of less than 14 mm (Shcherbina, 2012; Zhivoglyadova and Frolenko, 2017).
All biotopes of lakes Vashutinskoe and Chashnitskoe, open littoral zone of Lake Zaozer'e, and the over-
grown littoral area of Lake Ryumnikovo may be classified as low-fodder areas in terms of macrobenthos
biomass, the overgrown littoral zone of Lake Zaozer'e and open littoral area of Lake Ryumnikovo, as
medium-fodder, and profundal of Lake Ryumnikovo, as of very high fodder potential.

Considering zooplankton biomass, the central sections of lakes Ryumnikovo and Chashnitskoe
may be classified as low-fodder, that of Lake Vashutinskoe, as medium-fodder (2018) and high-fodder
(2014), of Lake Zaozer'e, low-fodder (2015) and above average fodder potential (2018).

Conclusions

In 2013-2015, 92 taxa of cyanobacteria and microalgae were noted in phytoplankton communities of
the studied lakes. When comparing to published data, the complex of dominant phytoplankton species
differed during different study periods (2001, 2013-2015, 2018). However, the total phytoplankton
biomass has not undergone significant changes since 2001, indicating a stable trophic state.

In the studied lakes, 76 species of planktonic animals were identified. Each lake had its own set of
rotifer and crustacean species. The composition of dominant rotifer complex in different periods (2001,
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2014-2015, 2018) differed in eutrophic water bodies. In overgrown shallow waters, the zooplankton
abundance could be either higher than in the pelagic zone, due to the development of phytophilic
(Lake Chashnitskoe) or typical planktonic species (Lake Zaozer'e), or lower (lakes Vashutinskoe and
Ryumnikovo). It is difficult to identify any trends in the zooplankton structure and abundance in lakes;
observations are sporadic and are performed in different seasons.

In total, 26 lower definable taxa were noted in the macrobenthos of lakes, most of which were larvae
of amphibiotic insects, including chironomids. The highest species richness of benthos was noted in
Lake Ryumnikovo, where benthic invertebrates were present in all main biotopes of the lake. In the same
lake, the maximum benthos quantitative parameters were noted: the density was 2550 ind./m? (open
littoral zone), the biomass, 21.82 g/m? (pelagic zone). There was no macrobenthos in the profundal of
lakes Vashutinskoe and Zaozer'e. This is probably due to the lack of oxygen in the bottom layers and the
presence of hydrogen sulfide. In general, the fauna and abundance of lake benthos is formed by species
tolerant to oxygen deficiency in the bottom layer.

Concentrations of Chl a, as an indicator of the trophic status of water bodies, were measured in the
study lakes for the first time. According to Chl a content and phytoplankton biomass, Lake Ryumniko-
vo was classified as mesotrophic lake, while the other lakes referred to varying degrees of eutrophic
waters. The trophic status of water bodies in terms of zooplankton indicators corresponds to that as-
sessed for phytoplankton. High trophicity accompanied by dominant species, which are the indicators
of meso-eutrophic conditions, and low ratio of zooplankton biomass to phytoplankton biomass indicate
the eutrophic status of lakes Zaozer'e, Vashutinskoe, and Chashnitskoe. In Lake Ryumnikovo, trophicity
indicators were lower; indicator species of oligomesotrophic conditions dominated, which corresponded
to mesotrophic conditions. Considering macrobenthos biomass, Lake Chashnitskoe may be classified
as ultra-oligotrophic, Lake Vashutinskoe, as oligotrophic, Lake Zaozer'e, as f—mesotrophic, and Lake
Ryumnikovo, as a—mesotrophic lake. The discrepancy between the status of lakes in terms of benthos
and that in terms of phytoplankton is typical for highly trophic ecosystems with extreme hydrophysical
conditions near the bottom and in the upper sediment layer.
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APPENDIX. Taxonomic composition of zooplankton and macrozoobenthos of some small lakes of the Yaroslavl Oblast. | — open

littoral zone, Il — overgrown littoral zone, Ill — profundal; O — no species; 1 — Vashutinskoe, 2 — Ryumnikovo, 3 — Chashnitskoe,
4 — Zaozerye; * — according to Lyashenko et al. (2002); “—* — no data.
2001 2014-2015 2018
Taxon

PHYLUM ROTIFERA
CLASS EUROTATORIA
SUBCLASS BDELLOIDEA
fam. Philodinidae
Macrotrachela sp. 0 0 3 0 0
Bdelloida indet. 0 0 0 3,4
SUBCLASS MONOGONTA
SUPERORDER PSEUDOTROCHA
ORDER PLOIMA

fam. Asplanchnidae

Asplanchna herricki Guerne, 1888 0 0 2,4 2 2,4
A. girodi Guerne, 1888 4 2 0 0 0
A. priodonta Gosse, 1850 3,4 1,2 1,2 1 1
fam. Brachionidae
Anuraeopsis fissa (Gosse, 1851) 0 0 0 1 0
Brachionus di;/ggs:aic):ornis (Daday, 0 4 0 0 4
Kellicottia longispina (Kellicott, 1879) 2,3 2 2 2 2,3
Keratella cochlearis (Gosse, 1851) 1,2, 3, 4 1,2, 4 1,2,3 2 13 %
K. tecta (Gosse, 1851) 0 0 3 0 1,3,4
fam. Euchlanidae
Euchlanis dilatata (Ehrenberg, 1832) 0 4 1,3
E. meneta Myers, 1930 2 0 0 0 0
fam. Gastropodidae
Ascomorpha ecaudis Perty, 1850 0 0 0 3 0
A. saltans Bartsch, 1870 1 1
fam. Lecanidae
Lecane luna (Muller, 1776) 0 1 0 0 0
L. lunaris (Ehrenberg, 1832) 0 0 2 0 0
L. ungulata (Gosse, 1887) 0 0 0 1 0
L. sp. 0 0 3 0 0
fam. Mytilinidae
Mytilina sp. 0 0 0 3 0
fam. Synchaetidae
Ploesoma hudsoni (Imhof, 1891) 2 0 2

Polyarthra dolichoptera Idelson, 1925
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Taxon 2001 2014-2015 2018
11 1] I I 11
P. euryptera Wierzejski, 1891 0 2 2 2
P. luminosa Kutikova, 1962 0 1,2,3 1 1,3
P. longiremis Carlin, 1943 3 0 0 0
P. major Burckhardt, 1900 0 1,2 1,2,3 2,3 2,3
P. vulgaris Carlin, 1943 0 0
Synchaeta longipes Gosse, 1887 0 2,3

S. pectinata Ehrenberg, 1832 3,4 0 2

fam. Trichocerciidae

Trichocerca capucina (Wierzejski and
Zacharias, 1893)

T. cylindrica (Imhof, 1891)
T. porcellus (Gosse, 1886)
T. pusilla (Jennings, 1898)
T. similis (Wierzejski, 1893)

T. tenuior (Gosse, 1886)
SUPERORDER GNESIOTROCHA
ORDER FLOSCULARIACEAE
fam. Conochilidae
Conochilus unicornis Rousselet, 1892 2,3,4 0 1,2,3 1 1,2

fam. Filinidae
Filinia longiseta (Ehrenberg, 1834) 4 4 4 0 4
fam. Testudinellidae
Pompholyx sulcata Hudson, 1885 0 0 0 0 3
PHYLUM ARTHROPODA
CLASS BRANCHIOPODA
SUPERORDER CLADOCERA
ORDER ANOMOPODA

fam. Bosminidae

Bosmina (Bosmina) longirostris 134 1
(Mdiller, 1776) ' ’

B. (Eubosmina) coregoni Baird, 1857
B. (E.) cf. kessleri Uljanin, 1874 2
B.(E.) cf. longispina Leydig, 1860 1,2
B. (E). cf. obtusirostris (Sars) 2
fam. Chydoridae

1,2 1,2,3 1,3 1,2,3

1,4 1,2,3 1,3 1,3
1,2

OO O O o o o

1
0
2,3 0
0
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Acroperus harpae (Baird, 1834)
Alona guttata Sars, 1862 s.I.
A. quadrangularis (Miller, 1785)

o O O o
o O o »
A O W W
A O O O

Alonella exigua (Lillieborg, 1853) 3,4
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2001 2014-2015 2018
Taxon
1 1] I Il 11
A. nana (Baird, 1850) 0 0 2,3 0 3
Biapertura affinis (Leydig, 1860) 0 0 3,4 0
Camptocercus qescéizrostris Schodler, 0 0 3 0 0
Chydorus gibbus Sars, 1890 0 0 2 1,2 2
Chydorus ovalis Kurz,1875 0 4 0 0 0
C. sphaericus (Miller, 1776) 1,2 1,2, 4 1,24 5% va
Graptoleberis testudinaria (Fischer, 0 0 3 3 0
1851)

Monospilus dispar Sars, 1862 0 0 3,4 3,4 0
Pleuroxus truncatus (Miller, 1785) 0 2 2,3 2 0
Pseudochydorus globusus (Baird, 0 0 0 3 0

Rhynchotalona falcata (Sars, 1862) 0 0 2,3 3 0
fam. Daphniidae
Simocephalus serrulatus (Koch, 1841) 0 1 0 0 0
Cer/odaphn/a1 ?gg)dgéli"lgula (Miller, 0 2 4 2 0
C. pulchella Sars, 1862 s.I. 1,2,4 1,2,4 2,3,4 13 2 2,34
C. reticulata (Jurine, 1820) 3 0 0 0 0
Daphnia cristata Sars, 1862 0 3 0 2,3
D. cucullata Sars, 1862 1,2,3 1 1,3,4 1,4 1,3,4
D. galeata Sars, 1863 2,4 2 2,4 2,4
D. hyalinalLeydig, 1860 0 0 0 3
Scapholeberis1r%77u6c:)ronata (Mller, 0 0 0 3.4 0
fam. Eurycercidae
Eurycercus (E. 1) 7l?rév)ellatus (Mdller, 0 0 0 3 0
cewm. llyocryptidae
llyocryptus agilis Kurz, 1874 0 0 3 0 0
ORDER CTENOPODA
fam. Sididae
Diaphanosoma@rziag)hyurum (Liévin, 1,2,3 2.4 23,4 2.3 2.3
Latona setifera (Mller, 1776) 0 0 0 0 3
Sida crystallina (Muller, 1776) 0 1,2 0 1,3 0
ORDER HAPLOPODA
fam. Leptodoridae
Leptodora kindltii (Focke, 1844) 0 1 1,2 0 1,3
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Taxon

2001
1

2014-2015

2018
I I

ORDER ONYCHOPODA

fam. Polyphemidae

Polyphemus pediculus (Linnaeus,
1758)

CLASS HEXANAUPLIA
SUBCLASS COPEPODA
ORDER CALANOIDA
fam. Diaptomidae

Eudiaptomus graciloides (Lillieborg)

ORDER CYCLOPOIDA
fam. Cyclopidae
Cyclops kolensis Lillieborg, 1901
Diacyclops sp.
Eucyclops macrurus (Sars, 1863)
E. serrulatus (Fischer, 1851)
Macrocyclops albidus (Jurine, 1820)
Megacyclops viridis (Jurine, 1820)

Mesocyclops leuckarti (Claus, 1857)
Paracyclops affinis (Sars, 1863)

Paracyclops sp.
Thermocyclops crassus (Fisher, 1853)
PHYLUM MOLLUSCA
CLASS GASTROPODA
fam. Lymnaeidae
Lymnea sp.

CLASS BIVALVIA
fam. Unionidae
Anodonta sp.
PHYLUM ANNELIDA
CLASS CLITELLATA
SUBCLASS OLIGOCHAETA

fam. Tubificidae

Limnodrilus hoffmeisteri Claparéde,
1862

L. udekemianus Claparede, 1862
Tubifex tubifex (Muller, 1774)

fam. Lumbriculidae
Stylodrilus heringianus Claparéde,
62
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2001 2014-2015 2018
1 1] I I 1

Taxon

SUBCLASS HIRUDINEA
fam. Glossiphonidae
Helobdella stagnalis (Linnaeus, 1758)
PHYLUM ARTHROPODA
CLASS INSECTA
ORDER MEGALOPTERA
fam. Sialidae
Sialis sp. - - 2 0 0
ORDER TRICHOPTERA
fam. Polycentropodidae
Cyrnus flavidus McLachlan, 1864 - - 0 2 0
ORDER DIPTERA
fam. Ceratopogonidae

3,4 0 0

Sphaeromias pictus (Meigen, 1818) - - 1 0 0
Probezzia seminigra (Panzer, 1798) - - 2
fam. Tabanidae
Chrysops sp. - - 0 4 0
fam. Dolichopodidae
Dolichopodidae gen. sp. - - 0 0 2
fam. Chaoboridae
Chaoborus flavicans Meigen, 1830 - - 0 0 3
fam. Chironomidae

Ablabesmyia gr. monilis - - 2 0 0
Procladius choreus (Meigen, 1804) - - 0 1 0
P. ferrugineus Kieffer, 1918 - - 2 0 0
Chironomus gr. plumosus - - 0 1 2
Cryptochironomus obreptans (Walker, _ 3 4 4 0
1856) ’
Einfeldia carbonaria (Meigen, 1804) - - 0 0
Glyptotendipes paripes Edwards, _ _ 0 0
1929
Microtendipes gr. pedellus - - 0 0
Polypedilum gr. nubeculosum - - 2,3 4 0
Stictochironomus crassiforceps _ _ 2 0 0
(Kieffer, 1922)
Cladotanytarsus gr. mancus - - 2,3 4 0
Tanytarsus gr. lestagei - - 3 0 0
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