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Abstract. The phytoplankton community and nutrient enrichment
of Hrazdan River have been studied in the Yerevan District, Re-
public of Armenia. Water was sampled in spring and summer of
2019. The content of phosphate, ammonium, and nitrite ions were
significantly higher downstream of the Yerevan District compared
to the stations located upstream. The latter were characterized
by higher abundance of diatoms (Melosira varians and Rhoico-
sphenia curvata), while Oscillatoria limnetica, O. chlorina, and
Anabaena sphaerica dominated downstream, reflecting different
eutrophic state of the river parts.

Key words: Hrazdan River, phytoplankton community, nutrient en-
richment.
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Introduction

Rivers passing through megacities are exposed
to high threat by various anthropogenic activities.
Particularly, industrial and household wastewater
discharge is the common source for organic load into
the aquatic ecosystems (Adeyemo et al., 2008). Such
a load poses huge risks for all aquatic organisms and,
in particular, for phytoplankton communities. The
distribution of different algae species depends on
interactions between environmental abiotic and biotic
factors. Deterioration of environmental conditions
due to increased organic matter income leads to
obvious changes in phytoplankton community,
promoting succession from diatoms to Cyanophyta.
Therefore, the use of phytoplankton as an indicator
for ecological status of surface water bodies is widely

accepted (Reynolds et al., 2002; Swaminathan,
2003).

Hrazdan River is one of the major tributaries
of Araks River on the territory of the Republic of
Armenia. It flows from Lake Sevan through the Sevan,
Hrazdan, Charentsavan, Abovyan, and Yerevan
cities; its length is 141 km. However, negative effect of
Yerevan city on ecological status of the river exceeds
the cumulative negative effect of all the settlements
upstream. The water of Hrazdan River is used for
irrigation, energetic, industrial, and other purposes
(Chilingaryan et al., 2002, Stepanyan, 2009).

The study aims to assess the nutrient enrichment
and corresponding changes in phytoplankton
community of Hrazdan River on the territory of
Yerevan District.
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Table 1. Brief characteristics of sampling sites.

. Ecosystem Transformation 4 (3), 3—12.

Station no. Latitude Longitude Description of sampling site
1 N 40.280873° E 44.589203° Getamej village, upstream Yerevan City
2 N 40.171° E 44.499669° City center of Yerevan
Upstream Yerevanyan Lich Reservoir,
3 N 40.159089° E 44.1389° downstream the confluence site of Djhrvejh
and Getar tributaries
4 N 40.148791° E 44 589203° Verin Charbakh district, downstream of

Yerevanyan Lich Reservoir

Table 2. The hydrophysical parameters and water pH in Hrazdan River at the territory of Yerevan District. T — water temperature, V — flow velocity.

Station
Parameters 1 2 3 4
Spring Summer  Spring  Summer  Spring  Summer  Spring  Summer
T, °C 13 16 14 21 15 20 15 25
V, m/c 0.3 0.6 0.7 0.5 0.2 0.4 1 0.6
pH 7.5 7.2 8.2 8.5 8.1 7.9 8.0 8.2

Material and methods

Study was carried out during spring (May) and
summer (July) seasons of 2019. Water was sampled
at four stations for hydrochemical and hydrobiologic
analyses (Table 1).

The phytoplankton community was analyzed by
the standard methods (Abakumov, 1983). A 1-L wa-
ter sample was taken from each site and immediate-
ly fixed with 40% formaldehyde solution (0.4% final
concentration) and stored in a dark place until the to-
tal sedimentation of seston. The laboratory analyses
were performed according to V.A. Abakumov (1983).

Quantitative and qualitative analyses of phyto-
plankton were performed under a microscope in the
0.01-mL Nageotte chamber. Phytoplankton biomass
was calculated by the stereometric (cell volume)
method.

The species of planktonic algae were identified
by the taxonomic keys and the manuals for freshwa-
ter ecosystems (Hambaryan and Shahazizyan, 2014;
Proshkina-Lavrenko and Makarova, 1968; Streble
and Krauter, 2001; Tsarenko, 1990).

Water temperature and velocity were measured
at the sampling site. Hydrochemical parameters such
as DO (dissolved oxygen) and pH were measured in
parallel with the hydrophysical parameters by Milwau-
kee (PH 56 PRO) Waterproof pH meter and Milwau-
kee (MW 600) Dissolved Oxygen meter. The nutri-
ents’ concentrations were measured in the laboratory

according to the ISO methods by spectrophotometer.
Ammonium nitrogen concentration was determined
according to the ISO 5664:2006, nitrite nitrogen, 1ISO
6777:1984, nitrate nitrogen, ISO 6777:1984, and
phosphate phosphorus, ISO 6878.

Results and discussion

Abiotic parameters

The hydrophysical parameters are presented in
Table 2. Water temperature ranged from 13 to 25 °C,
flow velocity, from 0.2 to 1.0 m/s.

According to A.M. Nikanorov (2001), the
optimal pH range for sustainable aquatic life varies
from 6.5 to 8.5. Thus, optimal pH conditions have
been registered at all stations of the studied part of
Hrazdan River (Table 2).

Generally, the dissolved oxygen concentration
(DO) was lower in summer than in spring. Moreover,
DO was significantly higher upstream Yerevan city
than atthe other stations. The lowest DO concentration
(2.9 mgQO,/L) was registered at the station no. 3 in
summer, partly due to the urban sewage discharge
brought to this site by the Getar River, a tributary of
the Hrazdan River (Fig. 1).

Similarly to 2003-2006 (Stepanyan, 2009),
significant nutrient enrichment has recorded in the
Hrazdan River in 2019. Nitrate content was high at
the stations nos. 1 and 3, which was still within the
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Fig. 1. Dissolved oxygen concentration at the sampling sites. Hereinafter, the background environmental values are indicated according

to State Standards of Republic of Armenia.

Fig. 2. Nitrate concentrations at the sampling sites.

ecological norm standards for the river ecosystem
health and biodiversity conservation’ (Fig. 2).

The concentrations of nitrite and ammonium ions
in the riverine waters usually varied from hundredths
to tenths of a milligram per liter (Figs. 3, 4). Within our

" Government Decision No. 75-N “On defining the standards for
water quality of each water basin management area depending
on local characteristics”. Web page. URL: https://www.e-gov.am/u_
files/file/decrees/kar/2011/02/11_0075.pdf (accessed: 27.01.2021)

study, nitrite content varied from 0.01 to 0.32 mgN/L.
In summer, nitrite content significantly increased at
the stations located within the Yerevan city (stations
nos. 2, 3, and 4).

Ammonium concentration also exceeded ecological
norm at the stations nos. 3 and 4 at both seasons (Fig. 4).
High nitrite and ammonium content corresponds to the
eutrophic status of the waters (Nikanorov, 2001).

Phosphate concentrations were exceptionally
high in summer almost at all sampling sites except
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Fig. 3. Nitrite concentrations at the sampling sites.

Fig. 4. Ammonium concentrations at the sampling sites.

station no. 4 (Fig. 5). Such pattern observed
downstream Yerevanyan Lich Reservoir could be
explained by the algal bloom in the reservoir itself. As
the algae consume phosphates, a bloom may minimize
the phosphate content in the outflowing water.

Phytoplankton community

Earlier studies of phytoplankton carried out
in 2004—-2006 in Hrazdan River at the territory of
Yerevan District revealed 108 species belonging
to six phytoplankton groups (Stepanyan, 2009).

During present study of phytoplankton community,
55 species belonging to six phytoplankton groups
have been registered (Table 3). As found generally,
diatoms dominated, but Cyanophyta were
characterized by higher abundance than usually
observed. Although some species of Dinophyta and
Euglenophyta, new groups of algae for Hrazdan
River, were recorded in 2019, total species diversity
of phytoplankton decreased comparing to previous
studies (Badalyan et al., 2005; Stepanyan et al.,
2005; Stepanyan, 2009).
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Table 3. List of phytoplankton species at the sampling sites. “+” — species is present; “~” — species is absent. Chorological types (Geo):
¢ — cosmopolite; b — boreal, a-a — Arctic-Alpine. Halobity (Hal): mh — mesohalobe; i — oligohalobe-indifferent; hl — oligohalobe-halophilous;
hb — oligohalobe-halophobous. Habitat types (Hab): B — benthic; P — planktonic; P-B — planktonic-benthic. Saprobity (S): o — oligosaprobic;
o-B — oligo-beta-mesosaprobic; B — beta-mesosaprobic; 3-o0 — beta-oligomesosaprobic; B-a — beta-alfa-mesosaprobic; a-f — alfa-beta-
mesosaprobic; x — xenosaprobic; x-0 — xeno-oligosaprobic; x-B — xeno-beta-mesosaprobic; o-x — oligo-xenosaprobic, o-a — oligo-alfa-
mesosaprobic; p — polysaprobic; “-” — no data (Barinova et al, 2006).

1 2 3 4
(spring/  (spring/  (spring/  (spring/ Geo Hal Hab S
summer) summer) summer) summer)

Cyanophyta
Anabaena sphaerica L e e _ . :
Bornet & Flahault / / / f+ c : P o-B
Aphanothece clathrata _ ;
West & G.S. West i * * e c i+ P B
Microcystis aeruginosa Kutzing +/+ -/+ +/+ +/+ c hi P o-a
M. wessenbergii _
Komarek in Joosen H H H H c P o-a
Oscillatoria chlorina e e _ _ }
Kutzing ex Gomont / ! I+ H c P-B P
Oscillatoria limnetica i i _ _ _ ; :
Lemmermann / ! I+ * c PB  of
Bacillariophyta
Achnanthes taeniata Grunow =/+ =/- ++ +/- - hi B -
Amphora ovalis _ e _ _ . _
(Kiitzing) Kiitzing f+ / 4 a ¢ 1 B of
Ceratoneis arcus e e _ e :
(Ehrenberg) Kitzing / ! + ! a-a : B 0-X
Cocconeis placentula _ _
Ehrenberg ++ I+ I+ +/+ c i P-B o
C. pediculus Ehrenberg -+ -/- -/- -/+ C i B o-a
Cyclotella comta Kiitzing +/- =/- -/- =/- [ i P B-o
C. stelligera _ e e e )

(Cleve & Grunow) Van Heurck + / / ! ¢ : P-B X
Cymatopleura solea e i _ i : )
(Brébisson) W. Smith / / [+ ! c i PB o

Cymbella prostrata e e e _ )
(Berkeley) Cleve / / / f+ ¢ ' B o-B
C. ventricosa C. Agardh ++ -/- -/- -+ c i B o-a

Diatoma hiemale var. hiemale _

D. vulgaris Bory +/- -/- -/- -/- c i P-B B
Fragilaria capucina _ :

Desmaziéres H f+ H H ¢ : B °

F. construens ++ —- /- —/+ c i P-B o

(Ehrenberg) Grunow

F. crotonensis Kitton +/- +/- +/+ ++ c hi P a-3
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1 2 3 4
(spring/  (spring/  (spring/  (spring/ Geo Hal Hab S
summer) summer) summer) summer)
Gomphonema constrictum _ I _ e .
Ehrenberg in Kitzing I+ / I+ / c : B 0
Gomphonema olivaceum _ I _ e ;

(Hornemann) Brébisson + ! + / ¢ ! B B-a
Melosira varians C. Agardh +/+ +/+ +/- +/+ c h P-B o-
Navicula cryptocephala Kutz. +/- -/- ++ +/+ c i B X-0
N. menisculus Schumann -/- +/- -/- -/- c i B X-

N. pupula Kutzing +/- -/- =/- =/ c hi B X-0
N. pygmaea Kiitzing -/- -/- -/+ -/- c mh - -0
N. radiosa Kutzing =/- -/- +/- -/- c i B o}
N. rhyncocephala Kutz -/- -/- +/- -/- c hi B B
Nitszchia amphibia Grunow -/- -+ -/- =/- c [ P-B o}
N. dissipata e e _ e .
(Kutzing) Rabenhorst ! / + ! ¢ ' B X
N. linearis W. Smith -/- -/- -/- +/- c [ B X
Pinnularia virdis Ehrb. +/+ +/+ +/+ —/+ c i P-B  o-x
P. leptosoma (Grunow) Cleve +/+ -/- +/- -/- b [ B o}
Rhoicophenia curvata _ _ _ . ) :
(Kutzing) Grunow + H & Al c ! P8 xo
Stephanodiscus astraea _ _ .
(Kutzing) Grunow H H & H c ! P B
S. hantzschii i e _ /- i
Grunow in Cleve & Grunow / / + / ¢ ! P a-p
Surirella biseriataBrébisson _ e e e : _ )
in Brébisson & Godey H / / / ¢ : o-p
S. ovata Kitzing +/- -/- -+ -/- c i B o-a
Surirella sp. -/- +/- -/- =/- - - - -
S. tenera var. tenera Greg. -/- -/- -/+ -/- c i P-B o]
Chlorophyta
Ankistrodesmus falcutus __ _/_ _/ - -
(Corda) Ralfs / / / + c hb  P-B B
Binuclearia lauterbornii
(Schmidle) Proschkina- -/- -/+ -/- -/- - - - -
Lavrenko
Characium nasutum _ e e e _ _ _ _
Rabenhorst + / ! /
Chroococcus sp. -/- +/- -/- -/- - - - -
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1 2 3 4
(spring/  (spring/  (spring/  (spring/ Geo Hal Hab S
summer) summer) summer) summer)
Dictyospﬁagri\t;\ll‘lz) c,())é/lch«s'llum -- —/- - —+ c i =) B
Pandorina morum (Mull) Bory -/- -+ -/- -/- c i P B
Scenedesmus armatus var. —/- /- -/~ —/+ c - P-B o-a
armatus (Chod) G.M. Smith
Scenedesmus opolensis i I _ _ _ .
var. opolensis P. Richt. / ! / + c P-B B
Selenastrum gracile Reinsch -/- —/+ -/- -/- c - P-B o
Trebouxia humicola G.S. West —/- -- - +/- - - - -
& F.E. Fritsch
Euglenophyta
Trachelamonas volvocina _ e e :
(Ehrenberg) Ehrenberg + ! / H c : B B
Dinophyta
Peridinium willei Huitfeldt-Kaas -/- -/- -/- -/+ - hi P o-B
Xanthophyta
Tribonema monochloron —/- -- —)- _/+ _ _ _ _

Pascher & Geitler in Pascher

Microalgal communities of the Hrazdan River are
represented by benthic, planktonic, and planktonic-
benthic algae, mostly by benthic algae (Table 3). Forty-
five phytoplankton species are indicators of organic
pollution, presented mostly by [B-mesosaprobic
species. Four ecological groups of salinity indicators
have been identified, the representatives of
oligohalobe-indifferent group predominate. Most
species are eurybionts.

In spring, diatoms strongly prevailed at the
station no. 1, comprising 96% of phytoplankton
community. Melosira varians dominated both by
abundance (45%) and biomass (53%).

Downstream the station no. 1, there was
a decrease in the quantitative parameters of
phytoplankton, the dominant groups of algae changed
as well. Cyanophyta prevailed at the stations nos. 3
and 4. Correspondingly, Microcystis aeruginosa and
Aphanothece clathrata were the most abundant
species at these stations. Representatives of
Chlorophyta and Euglenophyta were also revealed in
spring at the study sites.

Compared to spring, both the quantitative and
qualitative parameters of microalgae increased in
summer (Figs. 6, 7). However, diatoms still dominated
at the stations nos. 1 and 2 due to Melosira varians
and Rhoicosphenia curvata, respectively.

Significant increase of Cyanophyta abundance
was registered at the stations nos. 3 and 4 following
the nutrients’ dynamics. Bloom of Oscillatoria species
(O. limnetica and O. chlorina) was observed; they
comprised 77% of the total abundance and 59% of
the total biomass at the station no. 3; 75% and 59%
at the station no. 4, respectively.

Oscillatoria  species  reach  considerable
abundance in naturally eutrophic and polluted streams
and lakes (Babanazarova et al., 2013; Prowse, 1969).
They are generally benthic by preferable habitat, but
may develop actively in plankton communities. Both
registered species of this genus refer to the indicators
of organic pollution (Table 2) (Barinova, 2006).

Ability of Cyanophyta to produce toxins attracts
much attention, especially when these species
dominate in eutrophic waters, making concern to
water quality (Codd, 2000). Oscillatoria species are
the most common agents of freshwater toxic blooms.
They produce hepatotoxin microcystin (Chia et al,
2018). Microcystin is reported to cause death of
wild animals and agricultural livestock (Carmichael,
1988), it has been as well recognized as a potential
threat to the human health in the countries, where
water supplies are contaminated with cyanobacteria
(Banerjee, 2020; Gkelis and Zaoutsos, 2014; Yu,
1989). Therefore, the bloom of Oscillatoria species
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Fig. 5. Phosphate concentrations at the sampling sites.

No o

Spring ‘Summer Spring ‘Summer Spring ‘Summer Spring ‘Summer
1 2 3 4

g/m3
O = N W hHh OO N 0 ©
‘

BCyanophyta mBacillariophyta @OChlorophyta BOthers
Fig. 6. Seasonal dynamics of phytoplankton abundance at the sampling sites.
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Fig. 7. Seasonal dynamics of phytoplankton biomass at the sampling sites.
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could cause a serious harm to the economy of the
agriculture and recreational capacities of the area,
since these sectors of economics are the main water
consumers.

Abundance of nitrogen-fixing species Anabaena
sphaerica (148,000 cell/L) were observed at the station
no. 4. Our observations performed in Yerevanyan
Lich reservoir during summer of 2019 evidenced on
the dominance of Oscillatoria chlorina and Anabaena
Sphaerica, proving the impact of the reservoir on the
Hrazdan River (Annual Report..., 2019).

Conclusion

As a corollary, we conclude that high content of
phosphates and nitrogen lead to increase of algae
growth rates and ultimately reduce dissolved oxygen
concentration in water. Nutrient enrichment at the
stations nos. 3 and 4 is significantly higher than at
the sites located upstream. The Oscillatoria bloom
has been registered in the stations nos. 3 and 4 in
summer. The influence of Yerevanyan Lich reservoir
on phytoplankton community of these stations is obvi-
ous. Therefore, better management and strict control
of the nutrient load to Hrazdan River from Yerevan
city is urgently needed.

ORCID
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Abstract. The trophic structure and quantitative characteristics
of zooplankton in four shallow water areas of Meshinsky Bay of
Kuibyshev Reservoir were studied in the summer and autumn
seasons. The sites differed in their protection from wind and
wave impacts, and in intensity of macrophyte overgrowth. The
maximum species richness of zooplankters feeding in the water
column was observed in open and vegetation-free shallow water
and foraging from the surface of the substrate in closed areas,
overgrown mainly with one type of submerged plant. The highest
quantitative indicators of zooplankton in all areas were observed
in summer. Regardless of the season, the maximum abundance
and biomass of communities was observed in protected shallow
water in thickets of Potamogeton lucens L. This is associated
with the density of vegetation cover protecting invertebrates from
predation by fish.
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Introduction

parts of the basin in warming up earlier in spring, high

The coastal (littoral) zone is an important biotope,
which contributes significantly to basin hydrochemis-
try and biology. It shows pronounced variability of the
qualitative and quantitative characteristics of commu-
nities of aquatic organisms, since it is the most affect-
ed by water level changes, interactions of air mas-
ses, land, water, and basin floor. It is influenced by
coupled wave and wind mixing, and its macrophyte
thickets. The coastal area differs from the deep-water

absolute water temperatures in summer, early cool-
ing in autumn, freezing of grounds in winter (Butorin,
1984), as well as a higher supply of nutrients from the
catchment area (Korneva, 1983; Lavrentieva, 1977).
In the littoral zone, special conditions arise for the
formation and further development of higher aquatic
vegetation, which acts here as the main component
of biocenoses and performs a number of important
functions (the main producer of primary organic mat-


https://orcid.org/0000-0002-1483-1652

14 Gvozdareva, M.A., 2021. Ecosystem Transformation 4 (3), 13—-26

ter, a refuge and food object for different groups of an-
imals, a substrate for spawning of phytophilous fish,
a natural biofilter between the spillway and the reser-
voir, etc.) (Khaliullina and Yakovlev, 2015). As shallow
zones occupy vast areas in some large reservoirs,
play a significant role in their biological regime, and
are the first to respond to changing environmental
factors, their study remains relevant.

The area of overgrown shallow zones of the Kui-
byshev Reservoir is 8.5 thousand hectares (Solo-
vieva, 2008). The largest thickets are concentrated
in Sviyazhsky, Meshinsky and Cheremshansky bays
(Golubeva et al., 1990a, b). Meshinsky Bay, key for
the reproduction and feeding of juvenile fish, is located
in the northern part of the Volzhsko-Kamsky reach of
the reservoir at the confluence of two large rivers, the
Volga and Kama rivers (N 55°21°14”, E 49°23'59”).
It represents a flooded water extension of the Me-
sha River and its floodplain estuaries, is character-
ized by a slightly indented coastline and experiences
intense wave impact. The bay has a large number
of shallow waters and islands, which serve not only
as a favorite spawning ground for phytophilous fish
species, but also as a feeding ground for their juve-
niles (Gvozdareva, 2018). On average, about 40% of
the total fish population of the reservoir spawn in the
coastal part of this section of the reservoir. Accord-
ing to the results of studies carried out in 2012-2017,
the species composition of fish larvae is represented
by mass species of plant-feeders, many of which are
also the main objects of fishing (Severov et al., 2018).

It is known that zooplankton is one of the most
important food elements for juvenile fish (Gutel-
makher, 1986; Kiselev, 1969; Krylov, 2006; Popov
and Mukhortova, 2016). Numerous studies of phyto-
and zooplankton indicate that their abundance and
diversity is higher in the coastal biotopes protected
from wind and waves, which is most noticeable in
the thickets of macrophytes (Mordukhai-Boltovskoy,
1974, 1976; Zarubina and Ermolaeva, 2014; Zimba-
levskaya, 1981). Overgrown areas have distinct light,
temperature, hydrochemical, hydrodynamic, and tro-
phic conditions (Semenchenko et al., 2013), while the
vegetation serves as an additional source of organics
(Mordukhai-Boltovskoy, 1976).

Observations of the development of zooplankton
in the Kuibyshev Reservoir have been carried out
since the moment of its filling. Many works have been
published on comprehensive studies of the formation
and dynamics of zooplankton communities in the con-
ditions of the regulated runoff of the Volga River (Cher-
nysheva and Sokolova, 1960, 1964; Kuibyshevskoe
vodokhranilische, 1983; Lazareva et al., 2018; Roma-
nova, 2010; etc.). Several publications consider the tro-
phic structure and spatial distribution of zooplankton in
shallow areas of the Volga-Kama Reach in the region
of the Saralinsky section of the Volga-Kama Nature

Biosphere Reserve (Borisovich, 2005; Borisovich and
Yakovlev, 2011). For the water area of Meshinsky Bay,
species composition and indicators of the quantitative
development of zooplankton were studied (Gvozdare-
va, 2014). However, studies of the trophic structure of
zooplankton in shallow-water areas, which differ in the
extent of overgrowth with macrophytes and protection
from wind and wave impact, have not previously been
conducted; hence, this topic is relevant.

The purpose of this paper is to describe the tro-
phic structure and quantitative characteristics of zoo-
plankton in different stages of the growing season in
the different types of littoral zone of Meshinsky Bay of
the Volga-Kama Reach of the Kuibyshev Reservoir.

Materials and methods

The material was collected at six stations in 2017
in July (during the period of maximum growth of high-
er aquatic vegetation) and in October (at the begin-
ning of processes of plant death and decomposition).
The studied areas were divided into four categories
according to the level of protection from wind and
wave impact, as well as the degree of overgrowth
with macrophytes: | — open areas devoid of vege-
tation (Stations 2 and 5); Il — protected area, over-
grown mainly with one type of aerial-aquatic plants
(Station 1); lll — a protected area, overgrown mainly
with one kind of submerged plant with leaves floating
on the surface of the water (Station 4); IV — protected
areas overgrown with air-water and submerged high-
er plants (Stations 3 and 6) (Table 1).

Integral samples of zooplankton were collected
from the border of vegetation with open water deep
into the thickets every 0.5-0.8 m, filtering 50 liters
of water through a plankton net (mesh size 96 ym).
The fixation and office processing of the samples
were carried out using conventional methods (Meto-
dicheskie rekomendatsii..., 1982). Zooplankton was
assessed by species richness, Shannon Species
Diversity Index, abundance, biomass, and the ratio
of taxonomic and trophic groups of planktonic inver-
tebrates. The Shannon Species Diversity Index was
calculated from the abundance, excluding Copepoda
nauplii and copepodites (Shitikov et al., 2003). Tro-
phic groups of aquatic invertebrates were identified
according to the modes of movement and food cap-
ture (Chuikov, 1981a, b, 2018; Krylov, 2005).

Results

The species composition of zooplankton in Meshin-
sky Bay, Kuibyshev Reservoir during the study period
was represented by 66 species (Rotifera — 36, Cladoc-
era — 20, Copepoda — 10), of which three are immi-
grants of the Ponto-Caspian assemblage (Heterocope
caspia Sars, 1897, Cornigerius maeoticus (Pengo,
1879), Eurytemora caspia Sukhikh et Alekseev, 2013)
and 1 — Boreal-Arctic (E. lacustris (Poppe, 1887)).
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Table 1. Characteristics of the studied areas of the littoral zone of Meshinsky Bay of the Kuibyshev Reservoir.

Type  Station  Species of macrophytes
2 No thickets
I
5 No thickets
Il 1 Common reed — Phragmites australis (Cav.) Trin. ex Steud
M 4 Shining pondweed — Potamogeton lucens L., bordered by lesser bulrush — Typha
angustifolia L.
Common reed, lesser bulrush, flowering rush — Butomus umbellatus L., bladderwort —
Utricularia vulgaris L., shining pondweed, sago pondweed — Potamogeton pectinatus L.,
3 various-leaved pondweed — Potamogeton gramineus L., clasping pond Weed -
Potamogeton perfoliatus L., hornwort — Ceratophyllum demersum L., cladophoran —
v Cladophora sp.

Variegated reed sweet-grass — Glyceria maxima (Hartm.) Holmb., flowering rush, spike

6 rush — Eleocharis palustris (L.) R
leaved pondweed, lesser bulrush

. Br., shining pondweed, sago pondweed, various-

Among Rotifera, two ecological groups are most
diverse in the studied shallow waters: verticators that
forage from the substrate surface (12 species) and in
the water column (10) — representatives of the families
Brachionidae and Synchaetidae. Of Cladocera, the
largest number of species was recorded among swim-
ming primary filter feeders (nine species from the fami-
lies Bosminidae and Daphniidae) and creeping-swim-
ming secondary filter feeders (seven species from
the family Chydoridae). Among Copepoda, swimming
predators (three species of the subfamily Cyclopinae)
showed the highest species richness. At all stations
studied, immature Copepoda specimens with a mixed
type of feeding and movement were found.

In summer, 53 species were found in the zooplank-
ton of the studied shallow waters: Rotifera — 25, Cla-
docera — 19, Copepoda — 9. The largest number of
species was recorded in shallow waters of type IV —
27; in the area of type Il, 26 species were recorded, in
shallow waters of types | and Il — 24 species each. In
areas of types | and Il, the basis of the species compo-
sition was Rotifera (53 and 50%, respectively), and in
the areas of lll and IV types — Cladocera (46 and 44%).

The largest proportion of invertebrate species
foraging in the water column (62%) is recorded in
type | shallow water; the same ecological group
accounted for more than half of the species com-
position in areas of types Il and IV (58 and 54%,
respectively). Among Rotifera, verticators predomi-
nated (representatives of the families Synchaetidae,
Brachionidae, Filiniidae, Conochilidae, Dicranopho-
ridae); their largest proportion was noted in the shal-
low waters of types | (30%) and Il (25%). Swimming
predators (family Asplanchnidae) were recorded
in areas of types I, Il, and IV (< 4%). In all studied

plots, of Cladocera, the leading position (21%) was
occupied by floating primary filter feeders (repre-
sentatives of the families Bosminidae, Daphniidae).
Swimming active predators (family Polyphemidae)
were found only in areas of types Ill and IV (4 and
2%, respectively). The proportion of Copepoda
species foraging in the water column and from the
substrate surface was, on average, the same every-
where (7 £ 3%), however, the largest proportion of
predators feeding in the water column (family Temo-
ridae and subfamily Cyclopinae) was observed on
the site Type IV (11%).

Zooplankters using food from the substrate sur-
face prevailed in the protected area overgrown with
shining pondweed (type Ill) (54%), their smallest pro-
portion (38%) was observed in open shallow water
(type ), and in areas Il and IV — of these types, their
proportion was no more than 46%. Rotifers-vertica-
tors associated with the substrate (representatives
of the families Brachionidae, Euchlanidae, Testu-
dinellidae) were represented in equal proportions
(17% each) in protected areas (types II-1V), fewer in
open shallow water (13%). A small (< 6%) number
of zooplankter species foraging from the substrate
surface from the families Notommatidae and Tricho-
cercidae were found in areas of types I-Ill. Among
cladocerans, secondary filter feeders from the family
prevailed. Chydoridae, and their largest proportion
(17%) was observed in a type IV closed area. The
proportion of species from the number of primary filter
feeders (representatives of the families Daphniidae
and Sididae) is not high; it reached its maximum val-
ue (8%) in closed shallow waters in thickets of pond-
weed (type V). Substrate-related copepods were
maximally (12%) represented in shallow waters of
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type Il and included active predators (subfamily Cy-
clopinae) and scavengers (subfamily Eucyclopinae).

In summer, the average number of zooplankton in
the studied areas was 29.5 + 17.1 thousand ind./m?3,
and the biomass was 680.9 + 439.4 mg/m3. The highest
values were typical for the site of type lll, the small-
est for type IV (Fig. 1). In all types of shallow waters,
the Cladocera contributed the most to abundance and
biomass (55.0 £ 8.0% and 71.0 £ 12.0%, respective-
ly), the contribution of Rotifera and Copepoda was
lower (22.0 = 4.0% and 8.0 £ 5.0% in abundance,
23.0 £ 6.0% and 21.0 £ 9.0% by biomass) (Fig. 1).

The maximum proportion of rotifers in terms of to-
tal abundance was noted in type | and Il shallow wa-
ters, in the total biomass, only in type | of shallow wa-
ters. Cladocerans accounted for the largest proportion
of the total abundance in closed shallow waters over-
grown with one type of submerged plant, and in the
total biomass — in an area overgrown with one type of
aerial-aquatic plant. The proportion of copepods in the
total abundance and biomass of zooplankton reached
maximum values in closed shallow waters overgrown
with air-aquatic and submerged plants.

The maximum values of the Shannon Index were
recorded in the shallow water of type IV (4.06 bits/
specimen), and the minimum values — of type Il
(1.82 bit/specimen), while in the areas of types | and
Il — 3.28 and 3.66 bit/specimen.

Apart from differences in species composition, dif-
ferences in the trophic structure of zooplankton were
also identified. Thus, non-growing open shallow wa-
ters (type ) were characterized by the maximum den-
sity of primary filter feeders due to the dominance of
Daphnia cucullata (Sars, 1862), Bosmina (Bosmina)
longirostris (O.F. Muller, 1785), and B. (Eubosmina)
coregoni (Baird, 1857)), as well as verticators (Ker-
atella quadrata (Muller, 1786)), foraging in the water
column (Table 2).

In a site of type Il, the proportion of verticators as-
sociated with the substrate was higher due to Brachio-
nus calyciflorus (Pallas, 1766). In the closed shallow
water (type lll) overgrown with pondweed, due to the
dominance of Sida crystallina (O.F. Miller, 1776), the
maximum number and proportion of planktonic inver-
tebrates foraging from the substrate surface was re-
corded. At the same time, this type of coastal area was
characterized by the largest number of verticators and
predatory Cladocera feeding in the water column, as
well as creeping-swimming verticators associated with
the substrate. At the site of type IV, the maximum num-
ber and proportion of copepods foraging in the water
column were found (due to the dominance of E. lacus-
tris, Acanthocyclops vernalis (Fisher, 1853)) and on the
substrate (due to the dominance of Mesocyclops leu-
ckarti (Claus, 1857)). In the same type of shallow water,
in contrast to others, the largest proportion of juvenile
crustaceans was recorded. In general, in the site of

type |, floating non-predatory invertebrates prevailed,
in areas of type Il and I, filter feeders and verticators
associated with the substrate, in the site of type IV, the
proportion of all groups was approximately the same.

In autumn, the number of detected zooplankton
species decreased to 40, among which Rotifera —
26, Cladocera — 8, and Copepoda — 6. Semi-isolated
shallow waters of types Il and Ill differed in the largest
number of species — 20 each, 14 species were re-
corded in the area of type IV, and in the open shallow
water without vegetation (type 1), their minimum num-
ber was observed — 7. At all the studied stations, the
basis of the species composition of zooplankton was
formed by rotifers (71%), with the maximum propor-
tion in the areas of | (79%) and IV (77 %) types. The
largest proportion of Cladocera and copepod species
was found in shallow waters of types Il (21 and 11%,
respectively) and Il (25 and 15%).

In the open shallow water (type I) devoid of thickets,
the highest proportion of species foraging in the water
column (57%) was noted at the expense of verticators
(representatives of the families Synchaetidae and Bra-
chionidae) (43%), as well as predators (families Syn-
chaetidae and Heterocope spp.) (14%). Primary filter
feeders among cladocerans (family Bosminidae) were
only recorded in shallow waters of types Ill and IV (5
and 3%, respectively), where inactive predators (Eury-
temora spp.) were also present (10 and 6%).

Zooplankter species that forage from the surface
of the substrate are best represented in protected
shallow waters of types II-1V (64, 65, and 68%), and
their lowest proportion (43%) is in shallow waters of
type I. At the same time, in areas of types Ill and 1V,
the largest proportion of species belonged to verti-
cators (representatives of the families Brachionidae,
Euchlanidae, Testudinellidae, and Trichotriidae) (25
and 37%, respectively). The composition of Cla-
docera in all types of shallow water was formed by
secondary (family Chydoridae) and primary (families
Daphniidae and Sididae) filter feeders, extracting
food from the substrate surface. However, in closed
shallow waters, overgrown mainly with one species
of aquatic plants (types Il and Ill), the proportion of
these species was higher (21 and 20%) than in shal-
low waters of types | and IV (14 and 11%). Among the
copepods in the shallow waters of the Il and Ill types,
the species of subfamily differed the subfamily Eu-
cyclopinae — scavengers-omnivores associated with
the substrate (11 and 5%), and in plots of type IV —
active predators from subfamily Cyclopinae (3%).

The mean number of autumn zooplankton in the
studied areas was 7.2 *+ 2.6 thousand ind./m?3, and the
biomass was 22.7 + 10.9 mg/m?. The highest valu-
es were typical for the site of type lll, the lowest for
types | and IV of shallow waters (Fig. 2). The bulk of
the abundance was formed by Rotifera (43.9 + 8.5%)
and Copepoda (41.6 + 9.9%); the proportion of Cla-
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Fig. 1. Quantitative indicators and the proportion of taxonomic groups of zooplankton in Meshinsky Bay in different types of shallow water
areas in July 2017: 1 — Rotifera, 2 — Cladocera, 3 — adult Copepoda, 4 — juvenile Copepoda. Roman numerals indicate the types of shallow
waters (see text).
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docera was minimal (14.6 + 3.9%). The largest con-
tribution to the total biomass was made by Cope-
poda (54.0 £ 6.0%), the proportion of Rotifera was
23.3 + 8.1%, Cladocera — 18.7 £ 5.5%. The maximum
proportion of rotifers in the total abundance and bio-
mass of zooplankton was recorded in closed shallow
water overgrown with reeds (type Il), cladocerans —
in a closed area overgrown with pondweed (type lll),
copepods — in an open, not overgrown area and in
closed shallow water with a complex of air — aquatic
and submerged higher plants (types | and IV).

The highest index of species diversity was re-
corded in the site of type IV (2.92 bits/specimen), the
lowest — in the area of type Ill (2.03 bit/specimen),
and in the areas of types | and Il, it was almost the
same (2.38 and 2.40 bit/ specimen respectively).

The zooplankton of the coastal areas of types |
(with the dominance of Keratella quadrata and Kelli-
cottia longispina (Kellicott, 1879)) and Il (with the
dominance of Polyarthra vulgaris (Carlin, 1943) and
P. major Skorikov, 1896) types was characterized by
the maximum proportion of floating invertebrates due
to verticators, the largest number of which was re-
corded in shallow waters of type Il (Table 3).

In shallow waters of types II-IV, the proportion of
invertebrates associated with the substrate was more
than 50% of the total number of zooplankton. In plots
of types Il and lll, due to the dominance of Euchlanis
dilatata (Ehrenberg, 1832), the largest number and
proportion of the total number of verticators associ-
ated with the substrate was noted. At the same time,
in areas of types Ill and IV, due to the dominance of
Chydorus sphaericus (Miller, 1776) and Disparalona
rostata (Koch, 1841), secondary filter feeders, extract-
ing food from the substrate surface, made a significant
contribution to the total number. Type Ill shallow water
was characterized by the maximum abundance and
proportion of primary filter feeders associated with
the substrate (Sida crystallina), as well as the highest
abundance of juvenile Copepoda. The zooplankton of
the type IV site differed from other shallow waters in
the highest abundance and highest proportion of the
total abundance of rotifers associated with the sub-
strate, due to the dominance of Trichocerca pusilla
(Lauterborn, 1898) (absorption feeding type) and the
rotifer Lecane spp. (vertical and suction feeding).

Discussion

Most studies indicate that the species richness,
abundance and biomass of planktonic invertebrates is
higher in overgrown and protected shallow waters of
water bodies and streams than in open areas lacking
macrophytes (Ermolaeva et al., 2016; Mordukhai-
Boltovskoy, 1976; Stolbunova, 1976; Stolbunova and
Stolbunov, 2010). Thickets of macrophytes contribute
to the development of zooplankton, creating shelters
and protecting them from planktivorous fish and large

invertebrate predators. At the same time, dense
thickets change the dynamics of waters, reducing the
flow velocity and hindering the development of wind
waves (Brekhovskikh et al., 2008; Dembowska and
Napiérkowski, 2015; Janse et al., 1998; Lucena-Moya
and Duggan, 2011). In addition, favorable conditions
for the development of phytoplankton are formed in
shallow waters sheltered from the wind and warmed
up (Chernysheva and Sokolova, 1960; Khaliullina and
Yakovlev, 2015), which forms the basis of invertebrate
nutrition.

However, under certain conditions, aquatic
vegetation can develop excessively. F.D. Mordukhai-
Boltovskoy (1976) noted a decrease in the abundance
of zooplankton and juvenile fish in thickets of air-
aquatic vegetation, and in dense thickets, juvenile
fish may be absent altogether. As the thickets
develop (increase in density, height above the
bottom, etc.), the feeding conditions for planktivorous
fish deteriorate due to a decrease in the availability of
food. In dense thickets of macrophytes, invertebrates
are more successful in seeking refuge in case of
danger, while it is more difficult for fish to find them
due to reduced visibility and more difficult to catch
due to the constraint of maneuvering in a confined
space among thickets (Gerasimov, 2007). Obviously,
for this reason, the highest quantitative indicators of
zooplankton both in July and October were recorded
in a protected area, densely overgrown mainly with
one species of submerged higher aquatic plant with
leaves floating on the surface (type Ill).

At the same time, the zooplankton of the most
similar shallow-water area, overgrown with a complex
of air-aquatic and submerged plants (type 1V), in
summerwas characterized by the minimumabundance
and biomass. It is known that in sparse thickets of
macrophytes, zooplankton is more accessible to fry
than in dense thickets (Cherevichko, 2007). One-time
fishing with a gas drag (6 m), which was carried out in
July, showed that the average number of specimens
per drag sample, recalculated to 30 m, in the type IV
site was 2900, type |l was 304. It is known that grazing
by fish leads to a decrease in the number and biomass
of zooplankton, primarily due to Cladocera (Brooks
and Dodson, 1965; Gilyarov, 1987; HrbacCek, 1962;
Sadchikov, 2007; Stenson et al., 1978). Obviously,
therefore, in shallow waters of type IV, where a high
density of juvenile fish was found, the minimum
abundance and biomass of summer zooplankton, in
particular Cladocera, were noted. At the same time,
the highest abundance and biomass of Copepoda
were observed here, which are characterized by
greater mobility and the ability to avoid predators. In
addition, the grazing of zooplankters is evidenced by
the minimum average individual weight of organisms
in the type IV site, where it was 0.011 mg, while in the
type Il site, it was 0.065 mg. The maximum value of the
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Fig. 2. Quantitative indicators and contribution of the proportion of the main zooplankton groups of Meshinsky Bay in different types of
shallow water areas in October 2017: 1 — Rotifera, 2 —Cladocera, 3 — adult Copepoda, 4 — juvenile Copepoda. Roman numerals indicate
the types of shallow waters (see text).
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Shannon Index for zooplankton observed in shallow
waters with a high fish density can also be associated
with grazing. The point is that fish choose the most
visible and/or numerous food items (Murdoch, 1969;
Murdoch et al., 1975). Due to their grazing, the degree
of dominance of one species decreases, as a result
of which the value of the Shannon Index increases
(Krylov et al., 2016).

Open shallow water devoid of vegetation (type I)
was characterized by the minimum quantitative
indicators of planktonic invertebrates only at the
end of the growing season. However, in July, the
abundance of zooplankton in this type of coastal
area was practically at the same level as in areas of
type Il and 1V, and the biomass exceeded the values
recorded in shallow waters of type V. Apparently, this
was due to the high water temperature and minimal
pressure on the part of juvenile fish, avoiding open
areas of shallow waters to protect them from wind,
waves and predators.

The trophic structure of zooplankton changed
quite naturally. First, in autumn, due to the previous
accumulation of detritus on the substrate during
the growing season, the proportion of swimming-
crawling and creeping-swimming invertebrates in
the zooplankton of all studied shallow water areas
increased. Secondly, open areas without thickets
showed the maximum proportion of swimming
organisms, and areas overgrown with macrophytes
were dominated by those associated with the
substrate. At the same time, in connection with the
greatest protection from wave and wind effects, as
well as control by predators, among the floating
and substrate-associated organisms, the maximum
proportion in the summer season was represented by
cladocerans.

Conclusions

The species composition of zooplankton in Mesh-
insky Bay of the Kuibyshev Reservoir during the
study period was represented by 66 species (Rotif-
era — 36, Cladocera — 20, Copepoda — 10). In sum-
mer, at 6 studied stations, 53 species were recorded,
the average number of which was 29.5 £ 17.1 thou-
sandind./m3andbiomass—680.9+439.4 mg/m3, in au-
tumn — 40 species with a population of 7.2 £+ 2.6 thou-
sand ind./m® and biomass 22.7 + 10.9 mg/m?.

In summer and autumn, planktonic invertebrates
that forage from the water column are most repre-
sented in open shallow water areas devoid of vege-
tation, and those foraging from the surface of the
substrate — in closed shallow waters overgrown with
either submerged or air-water and submerged higher
aquatic plants.

Closed shallow waters, overgrown mainly with
one species of plants from the group of submerged
leaves with floating leaves on the water surface, were

characterized in both seasons by the highest quan-
titative indices of zooplankton. Open shallow waters
devoid of vegetation were characterized by the mini-
mum values of abundance and biomass only in Oc-
tober. In summer, the lowest quantitative indicators
of the development of planktonic invertebrates were
recorded in an area with a high species diversity of
higher aquatic plants.

A significant role in the formation of quantitative
indicators and structure of zooplankton is played by
control from above. Closed areas where aerial-aqua-
tic plants grew (separately or in combination with
submerged ones), on average, were characterized by
low numbers and biomass of zooplankton. A number
of structural and quantitative indicators of the com-
munity indicate that this is due to strong pressure
from juvenile fish. The protected shallow area, over-
grown with dense thickets of one submerged aquatic
plant species with leaves floating on the surface, was
characterized by the highest quantitative indices of
zooplankton. This may be due to the density of the
vegetation cover, which prevents the penetration of
fish and their juveniles.
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Abstract. Previous studies in Lake Sevan during summer
stratification have shown that the highest zooplankton abundance
and biomass was found at the lower boundary of the epilimnion.
At the same time, whitefish (Coregonus lavaretus), being main
planktivorous species in the lake, preferred the hypolimnion,
but was leaving this layer if dissolved oxygen concentrations
decreased to 1-5 mg/L. The study was conducted in Bolshoy
Sevan (the southern part of Lake Sevan) on July 29-30, 2019.
The vertical profiles of water temperature and dissolved oxygen
concentration, as well as distribution of major taxonomic groups
of aquatic organisms were assessed four times a day: in the
dark (night time), in the light (day time), and in twilight (morning
and evening). Fish population density was assessed using a
“Simrad EK80” echosounder. Vertical distribution of zooplankton
and fish observed within the study period did not correspond to
that described earlier. Maximal zooplankton biomass during the
study was recorded in the hypolimnion, and minimal biomass, in
the epilimnion. Most of fish (89—100%) located in the metalimnion.
At night, about 10% of the fish population descended to the
hypolimnion, despite the low dissolved oxygen concentrations
found there (3.0-3.1 mg/L). At dawn, about 7% of the fish
ascended to the epilimnion, reaching a 7-m depth, where the water
temperature was 20.8 °C. The water temperature range preferred
by most fish individuals varied during the observation period and
did not correspond to previously reported ranges.

Keywords: bacterioplankton, heterotrophic nanoflagellates,
whitefish, Coregonus lavaretus, epilimnion, metalimnion,
hypolimnion, migration.
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Introduction

The study of the vertical distribution of biota in
a stratified water body provides the researcher with
unique material, since the distribution pattern obtained
is a result of interactions of aquatic organisms in
pronounced heterogeneous environment. Meantime,
the spatial maxima of abundance of particular
groups of organisms are the indicators of the optimal
combination of biotic and abiotic factors. In some
cases, unusual pattern forms, which differs much
from well-known regularities; this makes it possible to
re-evaluate the role of a factor or a complex of factors
that have preconditioned such a phenomenon.

Historically, in a stratified Lake Sevan, the highest
quantitative indicators of zooplankton were recorded
in the epilimnion, in particular, along its lower margin
(Krylovetal.,2010,2016; Nikogosyan, 1985; Simonyan,
1991). In addition, general regularities of the vertical
distribution of fish are known for water bodies of similar
type; the pelagic species of the Arctic origin attract
here special attention. Facing with stratification, they
tend to occupy water layer(s), where the temperature
conditions are optimal for their state; the latter are most
often observed below the thermocline (Poddubny and
Malinin, 1988). Main planktivorous species inhabiting
Lake Sevan, Coregonus lavaretus (Linnaeus, 1758),
prefers quite low water temperatures in summer:
4-9 °C in the northern-western part of Lake Sevan
(Maly (Small) Sevan) and 5-7 °C in its southern part
(Bolshoy (Big) Sevan) (Malinin et al., 1984).

At the same time, attention must be paid to the
cases of disbalance of the known regularities of
the vertical distribution of aquatic organisms. This
is especially true in recent years, characterized by
high air temperatures, contributing to changing the
temperature and oxygen regimes of deep-water
lakes (Helland et al., 2007; Razlutskij et al., 2018).
The last affects the state of fish species of the Arctic
complex, their distribution pattern, and the density
of schools (Krivopuskova et al., 2014; Krivopuskova
and Sokolov, 2018). In the 1980s, the distribution of
whitefish in Lake Sevan depended on the distribution
of dissolved oxygen: as the last decreased down
to 1-5 mg/L in the hypolimnion, whitefish left this
zone (Poddubny and Malinin, 1988). A change in the
population density of plankton-feeding fish causes
a transformation of the species composition and
quantitative indicators of planktonic invertebrates.
This is evidenced by a number of alpine lakes studied,
where various species of trout were acclimatized for
recreational purposes; as a result, large species of
invertebrates, in particular, representatives of the
genus Daphnia, disappeared due to their consuming
by fish (Fitzmaurice, 1979; Galbraith, 1967; Gliwicz et
al., 2000). During the study of Lake Sevan in 2014—
2017, it was found that as the number of whitefish
increased, the abundance and biomass of planktonic

crustaceans decreased, mostly due to decreasing
share of the large species Daphnia (Ctenodaphnia)
magna Straus, 1820 (Krylov etal.,2019a, b). Alongside
with a significant increase in fish population density in
2018, D. magna disappeared from the zooplankton
community, but the total abundance and biomass
of planktonic invertebrates increased, mostly due to
other Cladocera, D. (Daphnia) hyalina Leydig.,1860
(Krylov et al., 2021). The distribution of whitefish is the
main reason for the uncharacteristic transformation
of planktonic invertebrate communities due to the
disappearance of D. magna, i.e. due to the depletion
of the food supply in the water column. Altogether,
these resulted in maximum fish density at greater
depths than observed in previous years, where
temperature and trophic conditions were optimally
balanced. At the same time, the food spectrum of
whitefish changed, and benthic invertebrates, in
particular, amphipods (representatives of the family
Gammaridae), had a significant proportion, while
earlier it was D. magna. However, here we do not
analyze the vertical distribution of zooplankton, which
makes these assumptions less convincing.

In addition, it is important to take into account
diurnal changes in the vertical distribution of
zooplankton. Most of the results obtained over more
than a century of studies of diurnal vertical migrations
(DVM) indicate the following pattern: the descent
of zooplankton into the deep layers at dawn and
rise to the surface in the evening (Kiselev, 1980;
Rudyakov, 1986). DVM of zooplankton are highly
variable and complex behavioral phenomenon that
obviously cannot be explained by a single factor.
Most often, DVM are considered as a result of the
complex influence of a number of both abiotic
(vertical temperature gradients, ultraviolet radiation,
chemical composition of water) and biotic (predation,
competition, vertical distribution of food) factors
(Brooks and Dodson, 1965; De Meester et al., 1999;
Gerritsen, 1982; Han and Straskraba, 1998; Lampert,
1989; Lampert et al., 2003; Larsson and Dodson,
1993; Loose and Dawidowicz, 1994; Ohman et al.,
1983; Rhode et al., 2001; Ringelberg, 2010; Shapiro
and Wright, 1984; Sih et al., 2000; Spaak and
Hoekstra, 1997; Tartarotti et al., 1999; Williamson et
al., 2011). It is also necessary to consider separately
the features of the vertical distribution of plankton,
which are the result of DVM (i.e., active movement up
or down), and the distribution patterns formed under
other factors (passive transfer with water masses
(including horizontal transport), consumption by
plankton-feeding species, etc.).

The study aims to analyze the relationship
between the diurnal dynamics of the vertical
distribution of zooplankton and the planktivorous
fish Coregonus lavaretus in the pelagic zone of Lake
Sevan during water stratification in summer.
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Materials and methods

Lake Sevan (N 40°18.6" E 45°20.9' ) is located
in the center of the eastern part of the Republic of
Armenia at an altitude of 1,900 m above sea level.
The lake consists of two parts: Maly (Small) Sevan
(area ~322 km?, max. depth 82 m) and Bolshoy (Big)
Sevan (area ~928 km?, max. depth 36 m), which are
connected by a 5.5-km wide strait (Asatryan et al.,
2016).

The sampling was carried out in Bolshoy Sevan
on July 29-30, 2019, onboard the R/V “Gidrolog”
(site N 40°24.1" E 45°27.3'), where preliminary hy-
droacoustic survey revealed pelagic schools of fish
identified as whitefish. The material was collected at
different periods of the day, differing in light condi-
tions: in the evening twilight (at sunset), in the dark
(at night), in the morning at twilight (at dawn), and
in the daytime (maximum illumination). The sampling
site depth was 24-26 m, this difference was due to
the bottom relief (slope).

The water temperature and the content of dis-
solved oxygen were determined every 1-m lag with a
multiparameter probe “YSI ProPlus” before taking bi-
ological samples in order to determine the boundaries
of epilimnion (EL), metalimnion (ML), and hypolimni-
on (HL) in the water column. Bacterioplankton (BP),
heterotrophic nanoflagellates (HNF), and zooplank-
ton (ZP) were collected every 1 m with a Molchanov’s
4-L water sampler; the samples from EL, ML, and HL
were pooled as integral samples for each layer.

In order to quantify BP and HNF, integral water
samples from EL, ML, and HL were fixed immediately
after sampling with formalin to a final concentration
of 1%; the formalin solution was pre-filtered through
a membrane filter (0.2-uym pore diameter). The sam-
ples were stored in the dark at 4 °C and processed in
the laboratory for a month. The abundance and size
of BP and HNF were determined by epifluorescence
microscopy using DAPI and primulin fluorochromes,
respectively (Caron, 1983; Porter and Feig, 1980).

The water samples were filtered through a plank-
ton net (64-um mesh size) to collect zooplankton,
and residuals were fixed with 4% formalin. Sample
processing was carried out according to the standard
technique (Rivier, 1975), the biomass was determined
taking into account the size of the organisms (Balush-
kina and Vinberg, 1979). The number of zooplankton
species per sample, abundance, biomass, proportion
of taxonomic groups, average individual mass of cer-
tain organisms (AIM) dominant species and their sim-
ilarity were assessed; similarity was determined by
the Shorygin index (Vainshtein, 1976).

The vertical distribution of fish was estimated by
the hydroacoustic method (Simmonds and MacLen-
nan, 2005) with a “Simrad EK80” echo sounder with
a dual-frequency antenna ES38-18/200-18C (split
beam at 38 kHz, single beam at 200 kHz, 18° beam-
width at both frequencies), the antenna was set at

1-m depth from the water surface. The survey was
performed during the approach of the vessel to the
sampling site. The distribution of fish was analyzed
using the “Echoview 10” software by echo counting in
the depth range from 2.5 m down to the bottom.

Results

The water temperature in the EL was 6.1-10.0 °C
higher than in the ML and by 13.1-14.1 °C higher
than in the HL (Fig. 1). During the day, it changed by
0.3-0.7 °Cin EL, by 0.2-3.5 °C in ML, the maximum
values were recorded at sunset and at night. In the
HL, the water temperature fluctuated by 0.1-0.8 °C
with the highest value registered at dawn. The mini-
mum concentration of dissolved oxygen was found in
HL, it was higher by 1.1-2.8 mg/L in ML, and by ano-
ther 1.5-3.5 mg/L in EL (Fig. 1). During the day, its
concentration varied by 0.1-0.2 mg/L in EL, by 0.9—
1.9 mg/L in ML, and by 0.3-0.4 mg/L in HL; the maxi-
mum values were recorded at sunset and at night.

The position of the conditional boundary between
EL and ML during the day changed by 2-3 m verti-
cally, while the boundary between ML and HL was
more stable and remained at a depth of 22-23 m
(Fig. 1). In EL and ML, a decrease in water tempera-
ture was observed, most noticeable in ML, where the
oxygen concentration also decreased. The dynamics
of these characteristics has no daily cyclicity; it can-
not be explained by the cooling of the water surface
at night. This observation evidences indirectly on the
presence of horizontal transfer of water masses (cur-
rents), which is most intense in the ML.

In EL, the minimum number of BP was found
at dawn, in ML, at night and at dawn, in HL, during
the day and at night; its increase in the entire wa-
ter column was observed at sunset (Table 1). The
cell volume and bacterial biomass in all water layers
reached a minimum at night, while the maximum in
EL and ML was noted during the day, and in HL, at
dusk and dawn.

The maximum quantitative indicators of HNF in
EL and ML were recorded at sunset and at night,
in HL, at night and during the day (Table 1). Small
flagellates (size = 5 ym) made most of the popula-
tion at that time. The minimum abundance and bio-
mass of HNF in EL was found at dawn, in ML, during
daytime; in HL, the greatest decrease in abundance
was observed in the daytime, in biomass, at dawn. A
decrease in the volume of flagellate cells in EL was
recorded during the day, in ML, during the day and
at night, in HL, at dawn. As a rule, at this time, the
maximum share of small-sized forms (< 5 ym) in the
total abundance and biomass of HNF was observed.

Zooplankton was presented by seven species
of Rotifera (Euchlanis dilatata Ehrenberg, 1832;
E. lyra Hudson, 1886; Filinia terminalis (Plate, 1886);
Hexarthra mira (Hudson, 1871); Keratella quadrata
(Maller, 1786); Polyarthra longiremis Carlin, 1943;
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Table 1. Abundance (N), volume (V), and biomass (B) of bacterioplankton and heterotrophic nanoflagellates.

Bacterioplankton Heterotrophic nanoflagellates
conditons jovess Ve B gteels) vopme B, SSHM =oHm
mL um®  mg/m mL mg/m> N % B% N % B %
Epilimnion
Dusk 5341 0.15 775 961 95.1 914 333 169 667 83.1
Night 5027 0.12 624 1068 61.9 66.1 30,0 174 70.0 82.6
Dawn 4595 0.17 786 420 63.0 265 500 16.8 50.0 83.2

Daytime 5027 0.28 1389 961 51.5 49.5 66.7 39.0 33.3 61.1

Metalimnion
Dusk 5341 0.14 751 1410 1042 1468 273 133 727 86.7
Night 4280 0.14 605 1495 51.4 76.9 78.6  48.8 21.4 51.2
Dawn 4241 0.18 774 1175 62.3 73.2 63.6 257 36.4 74.3
Daytime 5184 0.20 1022 961 57.6 55.4 556 41.6 44 .4 58.4
Hypolimnion
Dusk 8090 0.22 1778 534 58.9 314 60.0 60.1 40.0 39.9
Night 5851 0.12 731 748 66.0 49.3 571 34.4 42.9 65.6
Dawn 6676 0.24 1624 540 43.9 23.7 678 519 17.0 32.9
Daytime 5144 0.19 963 427 122.5 52.3 0.0 0.0 100.0 100.0
A B C D
0 10 20 0 10 20 0 10 20 0 10 20
EA ] ] - ? 7]
=1 | = =1 : =
== ML = ML = - ML = - ML
20p 20 § 20 ::| 20 :
] L HL b L HL ] - HL ] - HL
30 . . 300 ‘ = 30] ‘ | 301 , ]
0 25 50 0 25 50 0 25 50 0 25 50
%
---------- S

Fig. 1. Vertical distribution of fish at dusk (A), in the night (B), at dawn (C), during the daytime (D) in epilimnion (EL), metalimnion (ML),
and hypolimnion (HL). Upper X-axis: 1 — dissolved oxygen concentration, mg/L; 2 — water temperature, °C; lower X-axis: relative fish
population density, %.
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Synchaeta pectinata Ehrenberg, 1832), four spe-
cies of Copepoda (Cyclops abyssorum Sars, 1863;
Diacyclops bicuspidatus (Claus, 1857); Acanthodi-
aptomus denticornis Wierzejski, 1887; Arctodiapto-
mus (Rhabdodiaptomus) bacillifer (Koelbel, 1885)),
and three species of Cladocera (Daphnia hyalina;
Diaphanosoma lacustris Kofinek, 1981; Leydigia ley-
digii (Schodler, 1863)). The number of species per
sample varied insignificantly during the day, with the
greatest change in ML and HL (Cv = 22.8 and 22.0,
respectively), the lowest, in EL (Cv = 9.1) (Table 2).
During the day and at sunset, the maximum number
of species was found in EL, at night, in EL and ML,
at dawn, in ML and HL. In EL, rotifers were always
presented by the greatest number of species; in ML,
they prevailed at sunset and at night, during the day
the proportion of species of all taxonomic groups was
the same, and rotifers and copepods prevailed at
sunrise. In HL, during the day and at sunrise, Roti-
fera also dominated by the species number, at sun-
set, these were Rotifera and Copepoda, at night, the
proportion of species of all groups was equal.

The highest abundance of ZP at sunset and
at night was observed in HL; during the day, the
differences were insignificant, however, the lowest
abundance was recorded in the ML, at dawn, in the
HL (Table 2). The minimum range of abundance
fluctuation during the day was observed in EL (on
average, 1.2 times; Cv = 16.4), the maximum, in HL
(on average, 1.8 times; Cv = 31.5), all noticeable
changes occurred at sunset and at night, when
population density increased in ML and HL, but
decreased in EL. Copepoda brought the most of ZP in
EL, replaced by Cladocera only at sunrise. The latter
prevailed in ML at sunset and at night, in HL, during
the entire observation period (Table 2). Keratella
quadrata (except for the daytime in HL) and Daphnia
hyalina (except for EL during the daytime, at sunset,
and at dawn) were the dominant species in all layers
of the water column during the day; in HL, their share
in the total abundance was the largest (Table 3).
Diaphanosoma lacustris dominated during the day in
EL, at night and at dawn in ML, at dusk and dawn in
HL; its largest share in the total number of ZP was
observed in EL. Calanoida nauplii were dominants in
EL, as well as in ML during the day and at dawn. The
smallest similarity between the dominant species in
EL and ML was recorded at sunset (21.7%), during
the rest of the day, it varied within 32.9-44.6%. The
minimum similarity of dominants was also noted
during the day between the ML and HL (29.2%),
the maximum, at sunset (56.0%), at the rest of the
time, it was 43.3% and 48.4%. During the day, the
dominant species common to the EL and HL layers
were absent; however, the similarity increased up to
33.6% at sunset; during the rest of the day, it was
16.2% (at night) and 23.7% (at sunrise).

The highest ZP biomass during the day was re-
corded in HL, the lowest, in EL (Table 2). Fluctua-
tions of biomass in EL were insignificant (on average,
1.1 times; Cv = 9.8), in ML they were more pronounced
(on average, 1.6 times; Cv = 33.6), reaching maximum
in HL (on average, 2 times; Cv = 42.7). In ML and HL,
an increase in biomass was observed at sunset and
at night due to crustaceans, and the minimum values
were noted during the day. Cladocera prevailed, their
biomass decreased during the day in the entire wa-
ter column, the maximum values were recorded in EL
at sunset and dawn, in ML and HL, at night (Table 2).
The highest biomass of Copepoda in EL was recorded
during the day, in ML, at dawn, in HL, at night; the low-
est values were observed in EL at dawn, in ML and HL,
during the day. In all layers and at any time of the day,
Daphnia hyalina dominated, its largest share was al-
ways characteristic for ML and HL, the lowest share, in
EL, especially during the day (Table 3). Diaphanosoma
lacustris dominated only in EL (except for sunset), with
the largest proportion observed during the day. Co-
pepoda dominants were presented by Arctodiaptomus
bacillifer (day and night in EL), as well as by Cyclops
abyssorum (during the day in EL and ML, at dawn, in
ML). Since Daphnia hyalina was one of the dominant
species in terms of biomass in almost all samples, the
indices of the similarity of dominants between different
water layers were high (63.0-86.6%). However, in the
daytime, due to a significant decrease in the proportion
of D. hyalina in EL, the index of similarity with ML was
24.7%, with HL, 13.9%.

The maximum AIM of ZP organisms during
the day was observed in HL, where the lowest va-
lues were noted during the daytime, the highest, at
dawn (Fig. 2A). In ML, the minimum values were re-
corded during the day and at dawn, the maximum,
at sunset. In EL, the variation of this indicator was
low (Cv = 14.1), comparing to ML (Cv = 27.4) and
HL (Cv = 23.7), the smallest value was noted at sun-
rise. Significant fluctuations in the AIM of the main
dominant species, D. hyalina, were found in EL
(Cv = 50.3), where it decreased during the day and
at night, and increased at dusk and dawn (Fig. 2B).
In HL, in the period from daytime to dawn, AIM of
Daphnia increased (Cv = 36.4), reaching at dawn
higher values than in other layers. In the ML, the AIM
of Daphnia varied insignificantly (Cv = 18.1) with a
maximum at sunset and at night, and a minimum in
the daytime and at dawn. AIM of Diaphanosoma la-
custris in EL was also characterized by a high de-
gree of variation (Cv = 92.2); during the daytime, the
highest value was noted, then it sharply decreased
to lower values than in other layers (Fig. 2C). In ML
and HL, the individual weight of D. lacustris varied
to a lesser extent (Cv = 39.6 and 23.6, respectively);
in HL it was lower; there were no differences only at
night. AIM of Cyclops abyssorum also varied to the



32 Malin, M.1. et al., 2021. Ecosystem Transformation 4 (3), 27—41.

Table 2. Number of species, abundance, biomass, and proportion of taxonomic groups of zooplankton in epilimnion (EL), metalimnion

(ML), and hypolimnion (GL).

. Abundance, : 3
Taxonomic Light Number of species 10% ind./m? Biomass, mg/m
group condions g ML HL EL ML  HL EL ML HL
Dusk 500 429 375 268 273 26.5 1.0 0.3 0.3
Night 444 444 333 17.0 241 20.3 0.7 0.4 0.2
Rotifera, %
Dawn 556 40.0 400 257 28.8 17.0 1.3 0.6 0.3
Daytime 500 33.3 500 31.2 15.2 8.3 1.1 0.3 0.1
Dusk 300 286 375 509 304 19.4 17.0 12.1 8.1
Night 33.3 33.3 333 43.1 33.9 306 25.9 7.4 13.9
Copepoda,
0,
L Dawn 222 40.0 30.0 329 408 304 12.9 21.5 11.7
Daytime 25,0 333 333 446 492 239 40.0 15.0 14.4
Dusk 200 286 25.0 223 423 541 82.0 87.6 91.6
Night 222 222 333 399 420 491 73.3 92.3 85.9
Cladocera,
(o)
o Dawn 222 200 30.0 414 304 526 85.8 77.9 88.0
Daytime 250 333 333 242 356 67.8 58.8 84.6 85.5
Dusk 10 7 8 23.9 194 30.3 586.1 1244.3 2057.5
Night 9 9 6 182 30.8 416 465.2 1684.7 3160.6
Total
Dawn 9 10 10 275 278 207 516.3 1034.2 1723.8
Daytime 8 6 7 240 199 242 500.4 744.9 1109.5

greatest extent in EL (Cv = 79.8), comparing to ML
(Cv = 32.9) and HL (Cv = 47.9); its maximum val-
ues during the day exceeded those in ML and HL
(Fig. 2D). At sunset and at night, the individual mass
of C. abyssorum decreased in EL, at sunrise, it slight-
ly increased, but was lower than that in ML and HL,
where the highest values were found at sunrise. AIM
of Arctodiaptomus bacillifer in EL also had a greater
degree of variation (Cv = 57.1) than in ML (Cv = 18.6)
and in HL (Cv = 34.1) with a maximum during the day
and a minimum at sunset (Fig. 2E). In the ML, the
highest AIM of A. bacillifer was recorded at sunset; it
decreased at night, and increased again at sunrise.
In HL, the maximum was observed at night; during
the rest of the time, the differences were insignificant,
with a minimum observed at sunset. AIM of Copepo-

da juveniles was characterized by minimal variation
in EL (Cv = 20.6), it was slightly higher in ML and
HL (Cv = 36.8 and 36.5, respectively). The individual
mass of nauplii and copepodites decreased at sunset
in EL and HL, at sunrise and at night in ML, but in-
creased at sunset in ML, at night in EL and HL and at
sunrise in HL (Fig. 2F).

The average density of the spatial distribution of
fish, calculated over the entire water column, varied
during the day. The maximum value was recorded at
night, the minimum, during the day, when the density
decreased by 18 times, probably because of horizon-
tal migrations to adjacent parts of the reservoir (Ta-
ble 4). The fish preferred ML, where 89-100% of the
population kept at different times of the day. At sun-
set, the maximum fish distribution density was found
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Fig. 2. Average individual mass of key zooplankton organisms: A — all the species; B — Daphnia hyalina, C — Diaphanosoma lacustris,
D — Cyclops abyssorum, E — Arctodiaptomus bacillifer, F — juvenile Copepoda at dusk (l), in the night (), at dawn (lll), during the daytime

(IV) in epilimnion (EL), metalimnion (ML), and hypolimnion (HL).

at an 18-m depth, where the water temperature was
15.4 °C; fish was absent in EL and HL (Fig. 1A). At
night, the distribution of fish within the ML became
more uniform, when the maximum density of their dis-
tribution was observed at a 19-m depth, where the
water temperature was 11.6 °C. Less than 1% of the
fish was recorded in the lower margin of EL, directly
at the border with the ML; 10% of the fish descend-
ed to HL, where it was evenly distributed from the
boundary with the ML to the bottom, despite the low
oxygen content of 3.0-3.1 mg/L at a temperature of
6.9 °C (Fig. 1B). At dawn, fish were absent in the HL
and were distributed over the entire ML layer, forming
a maximum density at an 18-m depth at a tempera-
ture of 17.2 °C. In the lower and middle layers of EL,
where the temperature reached 20.8 °C, 7% of the
fish ascended (Fig. 1C). During the day, about 95%
of the fish was concentrated in the ML, the maximum
was observed at a 17-m depth at a temperature of
16.3 °C. Less than 1% of fish were recorded in HL
and less than 5%, in EL (Fig. 1D).

Discussion

Studies performed in July 2019 evidenced on un-
characteristic vertical distribution of zooplankton for
Lake Sevan during the day. First, attention is drawn to
the minimum values of biomass in EL with maximum
values in HL, as well as relatively low indices of the
total ZP abundance. At the same time, there were no
abiotic factors responsible such a distribution: the wa-
ter temperature and the content of dissolved oxygen
in HL did not correspond to the optimal conditions for
the ZP development.

The influence of fish, which vertical distribution was
also characterized by a number of atypical features,
may be one of the reasons for the specific distribution
of ZP; in many respects, our results did not agree with
the previous data on Lake Sevan. Thus, it has been
previously reported that whitefish prefer HL (Poddub-
ny and Malinin, 1988) and leave it only if the oxygen
concentration decreases down to 1-5 mg/L (Malinin et
al., 1984). According to our observations, regardless
of the time of day, most of whitefish keep in ML, while
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Table 3. Composition and proportion of zooplankton species dominating by abundance and biomass in epilimnion (EL), metalimnion (ML),
and hypolimnion (GL).

Dusk Night Dawn Daytime
Taxon
EL ML HL EL ML HL EL ML HL EL ML HL
Share by abundance, %
Keratella
quadrata 232 217 237 150 204 182 222 248 129 242 140 -
Daphnia
hyalina — 343 440 162 302 395 - 200 409 - 292 587
Diaphanosoma
lacustris 13.0 - 102 237 118 - 323 104 108 189 - -
Nauplii of Calanoida 195 - - 16.2 - - 172 120 - 189 229 -

Nauplii of Cyclopoida 14.9 - - - - - - - - - - -

Share by biomass, %

Daphnia

hyalina 76.1 86.6 89.0 63.0 891 841 66.7 738 846 139 836 826
Diaphanosoma B B _ 104 _ B 103 ) ) s . )
lacustris . _ _

Cyclops

abyssorum - - - - - - _ 134 — 144 108 -
Arctodiaptomus

bacillifer - - - 133 - - - _ _ 175 _ B

Table 4. Absolute spatial population density (D) and relative abundance (N) of fish in epilimnion (EL), metalimnion (ML), and hypolimnion
(GL) and in the entire water column at different light conditions.

Dusk Night Dawn Daytime
Water
layer i 6 i 6 i 6 i 6
y D, |r;gé/10 N, % D, |r;ga./10 N, % D, |nr;13./10 N, % D, |nnc113./10 N, %

EL 0 0 90.9 0.8 552.6 7.0 30.8 4.3
ML 1481.5 100 10091.4 89.2 7351.9 93.0 678.8 94.9
HL 0 0 1134.3 10.0 0 0 5.5 0.8
Entire
water 740.7 - 5130.7 - 3765.8 - 279.8 -

column
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at night up to 10% of them descend to HL, despite the
low oxygen content in this layer (3.0-3.1 mg/L).

It has been also indicated that whitefish in Lake
Sevan perform DVM, rising at night towards surface,
when presumably following the food objects (Pod-
dubny and Malinin, 1988). On the contrary, our obser-
vations evidence that at nighttime about 10% of the
fish descends from ML to HL, and some fish ascent
from ML to EL (7%), where they are recorded at dawn
(Figs. 1B, 1C).

The preferred water temperatures, which may be
tracked by the depth of maximum fish density, also
go beyond the ranges indicated earlier, i.e. 4-9 °C in
Maly Sevan and 5-7 °C in Bolshoy Sevan (Poddubny
and Malinin, 1988). In our study, the water tempera-
ture, preferred by most of the fish, changes during
the day and does not fall into these ranges, when the
whitefish prefers the coldest waters (11.6 °C) at night,
and the warmest (17.2 °C) — at dawn, when, in turn,
some fish ascend to EL, reaching a 7-m depth and a
temperature of 20.8 °C (Fig. 1).

At the same time, the observed pattern of the white-
fish distribution may be explained by the concept of
choosing the energetically optimal environmental tem-
perature under stratification conditions, proposed by a
number of authors. At low temperatures in HL, meta-
bolic processes slow down, which affects not only the
duration of food digestion, but also the energy require-
ments of fish in general (Krogius, 1974; Poddubny and
Malinin, 1988). Consequently, in the 1980s, the white-
fish chose the cold-water HL, probably due to the lack
of food resources, since its abundance in those years
was much higher than nowadays (Gabrielyan, 2010).

Currently, only a small proportion of whitefish mi-
grate to the HL, and only at night, most likely, to slow
down metabolism and to conserve energy. The low
oxygen content in the HL does not limit these migra-
tions, since the oxygen demand also decrease, prob-
ably, as a result of the slowing down of metabolic pro-
cesses. At night, whitefish practically does not feed
(Poddubny and Malinin, 1988), which may explain the
high abundance of ZP in HL. The ascend of a part of
the fish school from ML to EL, observed at dawn, is
probably also caused by ceasing of the feeding on
ZP in the dark and due to a significant increase in
the intensity of feeding in the morning. Presumably, at
sunset, upon reaching the level of illumination of the
water column, similar to that during dawn, the feeding
intensity of whitefish increases as well, accompanied
by partial migration to the EL, which has not been
recorded in this study. A similar behavior was noted
in the European vendace (Coregonus albula (Linnae-
us, 1758)) in Lake Pleshcheyevo (Yaroslavl Region,
Russia), based on the results of earlier original obser-
vations (Poddubny and Malinin, 1988).

Analysis of the spatiotemporal changes in fish
population density in EL shows that during their maxi-

mum density at dawn (Table 4), some ZP parameters
were higher than during the absence of fish at sunset
(total abundance of ZP, Cladocera abundance, the
abundance and biomass of Diaphanosoma lacustris
and Arctodiaptomus bacillifer). At the same time, at
the highest fish density, a decrease in the abundance
and biomass of Copepoda, biomass of Cladocera,
total biomass of ZP, biomass and average individual
mass of Daphnia hyalina have been noted (Table 2,
Fig. 2). In ML, the abundance and biomass of main
taxonomic groups of ZP, D. hyalina, and Diaphano-
soma lacustris, as well as their AIM at the maximum
fish density was higher than at the minimum (Table 2,
Fig. 2). In HL, at the highest fish density, the highest
abundance and biomass of ZP and dominant crus-
taceans were also found, and AIM of Daphnia hya-
lina, Diaphanosoma lacustris, and Cyclops abysso-
rum in this period was lower only when comparing
to that at dawn (Table 2, Fig. 2). Consequently, only
in EL, where most of the time the fish density and
quantitative characteristics of ZP were lower than in
other layers, a number of changes in the quantitative
composition of invertebrates were observed. The lat-
ter are justifiably explained by the influence of fish
nutrition in a number of publications (Hansson et al.,
2007; Luecke et al., 1990; Mehner, 2000). However,
in general, no noticeable effect on the ZP of spatio-
temporal changes in fish density was revealed in the
water column.

It is possible that the fish density increased due to
their migration to the layers, where the abundance and
biomass of the ZP increased, primarily of the dominant
crustaceans, due to their daily migrations. It is known
that crustaceans prefer deeper layers during the day
and migrate to the upper layers at night, avoiding
predators (Field and Prepas, 1997; Ringelberg, 2010;
Stich, 1989). However, despite the most pronounced
variation in the abundance and biomass of ZP in HL at
the maximum at sunset and at night, we can state that
during the period of our observations there were no
clearly pronounced vertical migrations of the dominant
crustacean species; their abundance, biomass, and
the average individual mass changed simultaneously
in all layers of water, regardless of the time of day or
fluctuations in fish density.

Generally, this picture is not entirely consistent
with most of the literature data, which indicate the
persistence of diurnal migrations even in fishless
mountain water bodies (Williamson et al., 2001). The
absence of DVM in planktonic animals was recorded
during hypoxia in HL, when most animals were found
in EL (Doubek et al., 2018). In Lacamas Lake (USA),
no DVM of zooplankton were recorded, but some
taxa kept in layers with pronounced hypoxia (Nolan et
al., 2019). On the other hand, it has been shown that
certain species and groups of planktonic animals in
different water bodies may have different characteris-
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tics of DVM (Gladyshev, 1990), being both migrants
and non-migrants. Some species can migrate within
a water layer with certain temperature, for example,
as Diaphanosoma mongolianum does within EL in
Lake Pleshcheyevo (Zhdanova, 2018).

In Lake Sevan, relatively large (0.8-1.6 mm)
Daphnia hyalina preferred HL and ML, and smaller
(0.8-1.6 mm) Diaphanosoma lacustris was more of-
ten concentrated in EL (Fig. 2, Table 3). The confine-
ment of species to certain layers of the water column
was noted earlier in other water bodies (Karpowicz et
al., 2020). In lakes Glubokoe (Moscow Region, Rus-
sia) and Pleshcheyevo (Yaroslavl Region, Russia),
Daphnia cristata is confined to HL, D. galeata and
D. hyalina, to ML, Diaphanosoma mongolianum and
D. brachyurum, to EL (Stolbunova, 2006; Zhdanova,
2018; Zhdanova and Lazareva, 2009). In the water
bodies of the canyon type in Czech Republic, Daphnia
longispina and its hybrids more often dominated in ML
and HL (Seda et al., 2007a). For D. galeata, genetical-
ly differentiated sub-populations have been identified,
which do not leave the HL (Seda et al., 2007b).

Significant differences in the size of D. hyalina
and Diaphanosoma lacustris precondition different
filtration rates and food preferences of these species.
It is known that the presence of fish stimulates the
development of microscopic filter-feeders (Korov-
chinsky, 2004). Consequently, in Lake Sevan, the
presence of whitefish may positively affect the sur-
vival and reproduction of small-sized Diaphanosoma.
These relatively small zooplankters are less suscep-
tible to being grazed by fish, while the relatively large
Daphnia are more vulnerable.

The changes in ZP may be caused by the hor-
izontal transfer of organisms by the water currents
(Armengol et al., 2012). In addition, the low quanti-
tative characteristics of invertebrates in EL may be
associated with the fact that the main share of poten-
tial fish food was observed here during the recorded
morning and supposed evening ascent from the ML,
as evidenced by the minimum AIM of ZP at this time.
However, the greatest activity of fish in EL could oc-
cur during the daytime, as evidenced by the minimum
biomass, by the share of one of the preferred food
objects, Daphnia, in the total biomass and AIM, as
well as by the absence of common dominant species
in the EL and HL. Nevertheless, the fact of daytime
activity of fish in EL has not been recorded by hydro-
acoustic equipment; to confirm or refute this, continu-
ous surveys are required.

The fish descended to HL only at night, despite
the low oxygen content, which was not critical for in-
vertebrates either. Some authors report that plank-
tonic invertebrates, in particular, representatives of
the genera Daphnia and Bosmina, can inhabit the
lower layers of the water column even at low oxygen
content and use them as refugia from predators, even

if the food source there is limited (Hanazato, 1992,
1995; Sell, 1998; Vanderploeg et al., 2009). Data on
chlorophyll a, obtained only in the daytime unfortu-
nately, also testify to the rich food base of the ZP in
HL. Thus, in EL, its average amount was 0.6 pg/L, in
ML, 0.4 pg/L, and in HL, 1.1 pg/L. A sufficient food
supply for ZP in HL is also supported by the quan-
titative composition of BP and HNF (Table 1). The
average daily number and biomass of bacteria in HL
were higher than that in EL and ML. It was found that
the biomass of BP decreased as the abundance and
biomass of HNF increased (r, = -0.63 and -0.62,
p < 0.05); the average abundance and biomass of
latter were lower in HL than in EL and ML. Proba-
bly, this was due to the control of their number by the
ZP, which was indicated by the positive correlation
between the biomass of invertebrates and the abun-
dance of BP (ry = 0.58, p < 0.095).

We assume that the processes of horizontal
transfer of ZP by currents and horizontal migrations
of whitefish, which may help to explain some pecu-
liarities of the dynamics of the observed characteris-
tics, cannot cause directly such atypical features of
the vertical distribution of the considered groups of
aquatic organisms. Since these processes occur in a
horizontal direction, organisms are not redistributed
between EL, ML and HL. Horizontal transfer of wa-
ter masses and horizontal migrations of fish played
a certain role in the earlier stages of the reservoir’s
history, including the period of describing “typical”
patterns of distribution of ZP and fish, but the role of
horizontal transfer has not been studied.

Apparently, in this study, we observed the diurnal
dynamics of rare patterns of the vertical distribution of
whitefish and ZP, which were not described for Lake
Sevan earlier. Possible reasons causing these pat-
terns may be divided into two groups: (1) such chang-
es did not occur during the periods of earlier obser-
vations, or (2) they did occur, but were not recorded.
In the first case, the manifestation of new features of
vertical distribution in two groups of aquatic organisms
at once indicates changes in the ecosystem of the
reservoir. They may be caused by a rise in the water
level of the lake, significant fluctuations in the abun-
dance of whitefish, changes in the species composi-
tion of zooplankton, phytoplankton blooms, as well as
other phenomena occurring in Lake Sevan in recent
decades (Krylov et al., 2019a, 2019b, 2021). It is also
probable that the observed patterns are characteristic
of ZP and whitefish from Lake Sevan, not recorded by
earlier studies, since they appeared at a certain com-
bination of events and lasted shortly. It should be not-
ed that detailed comprehensive studies of the diurnal
dynamics of the vertical distribution of aquatic orga-
nisms in this water body were carried out for the first
time. Elucidation of the true reasons of the observed
phenomenon requires further research. An increase in
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the sample size of the material collected according to
the proposed method may bring statistically significant
estimates of the studied characteristics during the wa-
ter stratification in summer in Lake Sevan.

Conclusions

Information on the atypical distribution of
whitefish in Lake Sevan obtained in the summer
of 2019 forces us to take a fresh look at the role of
hypolimnion in ecosystems of stratified water bodies.
In the hypolimnion, maximal zooplankton biomass
may be observed, while the planktivore periodically
migrates to the hypolimnion despite unfavorable
oxygen conditions and does not exploit the available
food resource, but uses the environmental conditions
optimal for body energetics.

Our results evidence that assessing generally
accepted factors preconditioning the daily dynamics
of the vertical distribution of zooplankton, namely,
presence of DVM of zooplankton against the
background of the DVM of the planktivorous fish,
cannot provide an unambiguous explanation of the
study results. The observed site of the lake is an open
system, where a continuous exchange of water mass
with the rest of the reservoir takes place. For this
reason, the environmental hydrophysical parameters
change; due to passive transfer, zooplankton
community changes as well, this makes it difficult to
distinguish such processes from the consequences
of DVM or consumption by planktivore, since fish are
able to migrate horizontally back and forth to adjacent
areas of the reservoir. Probably, all these changes
are not characterized by a pronounced daily cyclicity.
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Abstract. The composition and relative importance of food orga-
nisms in the food bolus were analyzed for two species (forms) of
vendace: European vendace Coregonus albula and sardine cisco
C. sardinella from water bodies of Russia (Yaroslavl, Vologda, Ka-
liningrad, Arkhangelsk and Murmansk Oblasts; Altai, Novosibirsk,
and Krasnoyarsk Krais; Republic of Karelia, Komi Republic, and
Yamalo-Nenets Autonomous Okrug), Finland, Sweden, Norway,
Lithuania, and Poland. Vendace is a typical planktivorous fish in
most lakes of the boreal zone, but euryphagous consuming signif-
icant number of benthic invertebrates in the northern water bod-
ies of Eurasia. Both forms of vendace are characterized by feed-
ing plasticity, diversity of the food spectrum and its seasonal and
spatial variability. The ecological and geographical features of the
lakes precondition the composition and abundance of food organ-
isms, thus influencing the food spectrum of vendace.
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Introduction

Vendace are whitefish of the genus Coregonus,
which differ from other representatives of this genus
by the large number of gill rakers and the superior
mouth (the lower jaw is longer than the upper one).
Such mouth structure is typical for fish that feed in the
water column and in the surface water layer. Vendace
is an important component of the boreal, subarctic
and arctic aquatic ecosystems of the Palaearctic.
European vendace Coregonus albula (Linnaeus,
1758), sardine cisco C. sardinella Valenciennes, 1847,
and two other species of whitefishes (peled C. peled
(Gmelin, 1789) and Penzhin omul C. subautumnalis
(Pallas, 1776)) are identified as evolutionarily

closest taxa; they form a single complex of species
(Coregonus sardinella complex) (Politov, 2017).

The European vendace, C. albula, inhabits in
Russia numerous lakes in the basins of the Baltic,
Barents and White Seas and the Volga River
(Borovikova and Makhrov, 2012; Reshetnikov,
1980). In the open reaches of the Rybinsk Reservoir
(Volga River), vendace occurs everywhere in feeding
aggregations with other species of pelagic fish and
their juveniles, such as Black Sea sprat Clupeonella
cultriventris (Nordmann, 1840), European smelt
Osmerus eperlanus (Linnaeus, 1758), zope Ballerus
ballerus (Linnaeus, 1758), bleak Alburnus alburnus
(Linnaeus, 1758), sichel Pelecus cultratus (Linnaeus,


https://orcid.org/0000-0002-7199-6496
https://orcid.org/0000-0003-3057-5596

Strelnikova, A.P., Berezina, N.A., 2021. Ecosystem Transformation 4 (3), 42-56. 43

1758) and Percidae (Kiyashko and Slyn’ko, 2003;
Polovkova and Permitin, 1981; Ryby..., 2015).
European vendace entered this reservoir in the
1940s, presumably from the Lake Beloe via the
Sheksna River (Kiyashko and Slyn’ko, 2003). In
the Vologda and Arkhangelsk Oblasts, vendace is
widespread in the lakes belonging to the basins of
Onega, Northern Dvina and Mezen rivers. In the
Kenozero National Park, it forms geographically
and reproductively isolated populations; the most
numerous of them inhabit lakes Kenozero and
Lekshmozero (Dvoryankin, 2009). In the Kaliningrad
Oblast, a large oligotrophic Lake Vishtynetskoe is the
only water body inhabited by the European vendace
(Krivopuskova et al., 2014).

In the Gulf of Finland and in large lakes Onega
and Ladoga, vendace C. albula is represented by
two forms. The small-size form of this species (body
length up to 25 cm) is widespread throughout the
entire water area, and the large-size form (ripus, or
kilets, Coregonus albula subsp. ladogensis) reaching
up to 34 cm in length, is found mainly in the areas with
significant depths. In the lakes of Karelia, C. albula
was found in more than 270 lakes, it is one of the main
species of commercial fish in most of them, including
Lake Syamozero (Berezina et al., 2021; Pokrovsky,
1953; Sterligova et al., 2002; Sterligova and II'mast,
2016). It is numerous in the subarctic lakes of the
Murmansk Oblast, including Lake Imandra (Zubova
and Kashulin, 2019).

The small-size form of C. albula is also common
in water bodies of Great Britain, Germany, Lithuania,
Estonia, and Poland; its populations are especially
numerous in Finland, Sweden, and Norway (Bukelskis
and Umbrasaite, 2016; Czarkowski et al., 2007;
Mamcarz and Bloniarz, 1995; Sarvala et al., 2020;
Scharf et al., 2008; Schulz et al., 2003; Viljanen,
1983). In many European countries, C. albula
populations are currently considered vulnerable and
endangered due to the negative effects of warming,
eutrophication, overfishing, and fish introductions
(Sarvala et al., 2020; Winfield et al., 2017).

The basin of the Pechora River is the boundary
between sardine cisco and European vendace
ranges (Borovikova and Makhrov, 2012). According
to main characters, vendace inhabiting the Usa
River, a tributary of the Pechora River (described as
Coregonus sardinella marisalbi Berg, 1916), occupies
an intermediate position between the European and
Siberian forms, but to some traits, it is much closer to
the European vendace (Reshetnikov, 1980).

The sardine cisco C. sardinella is distributed from
the White Sea to the east to the Bering Sea, it inhabits
the Anadyr and Amguema rivers and the lakes of
Chukotka (Nikulina et al., 2018). It is common in the
subarctic lakes and rivers of the Bolshezemelskaya
Tundra (a part of North Russian Plain). In the
Malozemelskaya Tundra, C. sardinella is abundant in

the lakes of the upper reaches of large rivers, such as
the Lakes Kharbeyskie, Lakes Vashutkiny, and some
others (Borovikova and Makhrov, 2012; Kuchina and
Solovkina, 1970; Sidorov and Reshetnikov, 2014).
In Kamchatka, the sardine cisco lives in the Lake
Tkhuklu and in the basin of the Oblukovina River. It is
also found in the Kara Bay, the mouths of the rivers
of the Western Yamal, on the islands of the Arctic
Ocean (Kolguev Island, Novosibirskie Islands), and
in the transbaikalian Lake Baunt (Reshetnikov, 1980).

C. sardinella lives as well in the Arctic lakes of
the Pechora-Pyasinskaya lake-river system of the
Putorana Plateau (Lakes Norilskie, including Lama
and Melkoe) in harsh hydrological conditions with
a very short and cool summer, which lasts about
two months, starting in the end of June (Nikulina
and Romanov, 2019). In the Lake Taimyr, vendace
is characterized by low growth rate, since this lake
is the northernmost habitat for this species and is
characterized by the least amount of the annual heat
(Popov, 2007). In the Krasnoyarsk Krai, in particular
in the reservoirs of the Taimyr Peninsula, the
Putorana Plateau and the Yenisei River, the greatest
diversity of local herds of sardine cisco is observed
(Kizhevatov, 2007).

All forms of vendace are important commercial
fish species in Russia and Europe (Popov, 2007;
Sarvala et al., 2020). The sardine cisco is one of the
most important commercial species of whitefishes
beyond the Arctic Circle in the permafrost zone, in
the basins of the Khatanga River (Balakhna and Khet
forms), Yenisei River (Turukhansk and Kara forms),
and Kolyma River (Bogdanov and Bogdanova, 2008;
Kirillov and Fedorova, 2010; Nikulina et al., 2018;
Sergienko, 2015). The vendace flesh is characterized
by a high content of omega-3-polyunsaturated fatty
acids, macro- and microelements, and vitamins
(Gnedov, 2009). Large and fat vendace from the
Lake Pleshcheyevo (town of Pereslavl-Zalessky),
or “Pereslavl herring”, was included in the menu of
tsars during the reign of Alexei Mikhailovich (1629—
1676, reigned from 1645 until the death); since 1675,
according to his decree, the vendace in this lake was
taken under protection. Nowadays, it is still included
in the Red List of the Russian Federation. There is
a high content of essential amino acids in the tissue
proteins of sardine cisco (Lebedeva and Abramov,
2015). This is especially important for the indigenous
people of the northern regions of Russia living in a
harsh climate (including Yakutia), since a person’s
need for valuable protein may mostly be met by
including vendace in the diet, especially as raw flesh
(Abramov et al., 2018).

Vendace species are traditionally considered
planktivorous, feeding mainly on zoo- and
ichthyoplankton (Chernyaev, 2017). However, their
feeding on zoobenthos, water-surface insects, and
other food components is increasingly described in
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the scientific literature (Berezina et al., 2018; Liso et
al., 2011; Scharf et al., 2008; Zubova and Kashulin,
2019). In the lakes and rivers of the Pasvik Nature
Reserve (northern Norway), fish (nine-spined
stickleback) were a part of the food spectrum of
the small European vendace C. albula (body length
11-19 cm), which was associated with the scarcity
of zooplankton (Liso et al., 2011). The share of fish
reached 20% of the food bolus by mass, the rest was
formed by aerial insects, Cladocera, Copepoda, and
by small number of benthic organisms (Liso et al.,
2011; Reshetnikov et al., 2020). The food spectrum
of large forms of C. albula, Ladoga vendace (ripus)
and Onega vendace (kilets), fish fry, smelt, and fry
of vendace (kannibalism) were also found along with
zooplankton, mysids, and chironomids (Babiy and
Sergeeva, 2003; Reshetnikov, 2004). Apparently,
vendace may consume different food, and its food
spectrum may change in different types of habitats.
In this regard, we aim to analyze the qualitative
composition of the food of European vendace
(Coregonus albula) and sardine cisco (C. sardinella)
inhabiting various regions of Eurasia.

Materials and methods

The material was the available published data
on the composition and relative content of food
organisms in the food bolus of small-sized forms
of two vendace species (Coregonus albula and
C. sardinella) from the water bodies of Russia
(Yaroslavl, Vologda, Kaliningrad, Novosibirsk,
Arkhangelsk and Murmansk Oblasts; Altai Krai and
Krasnoyarsk Krai; the Republics of Karelia and
Komi Republic Yamalo-Nenets Autonomous Okrug),
Finland, Sweden, Norway, Lithuania and Poland. The
frequency of occurrence and the share by abundance
and weight (%) of various food components in the
food bolus of fish (Popova and Reshetnikov, 2011).

Results and discussion

Central Russia

Lake Pleshcheyevo is one of the lakes in the
Volga River basin rich in European vendace C. albula
(Gerasimov et al., 2019). From May through October,
planktonic Cladocera are the main food for vendace
in this reservoir, benthic organisms are recorded in
the food bolus only occasionally (Khal’ko et al., 2019).
Large cladocerans such as Leptodora kindltii (Focke,
1844) and Bythotrephes brevimanus (Lillieborg,
1901) and small crustaceans Bosmina spp. and
Daphnia longispina (O.F. Muller, 1785) are the most
importantin the diet of vendace in this lake, when their
frequency of occurrence may reach 100% (Table 1).
Nauplii and copepodites of Copepoda were abundant
in the food bolus in more than 70% of the studied
fish. The larvae of dragonflies and chironomids were
recorded singly (Khal’ko et al., 2019).

In summer, European vendace feeds mainly
on cladocerans of the genera Bosmina, Chydorus,
Leptodora, and Bythotrephes in the pelagic zone of
the open reaches of the Rybinsk Reservoir, where
average zooplankton biomass reaches 1.5-2.0 g/m?
(Kiyashko and Slyn’ko, 2003). As a rule, the frequency
of occurrence of these crustaceans is 100% in the
fish stomach, and their relative importance may reach
90%. For example, in the stomach of one vendace
(body length 16.3 cm), there were 1400 specimens
of Chydorus sphaericus (O.F. Miuller, 1776),
753 specimens of Bosmina coregoni Baird, 1857, and
232 specimens of Bythotrephes longimanus (Leydig,
1860) (Kiyashko and Slyn’ko, 2003). By autumn, the
stomachfillingindices of vendace and other fish usually
decreased (down to 0.514%) (Kiyashko and Slyn’ko,
2003). A decrease in the feeding intensity of vendace
in the open reaches of the reservoir is associated with
a seasonal decrease in the zooplankton abundance,
when in some years, the zooplankton biomass was
20 times and even more lower by autumn than in
summer (Lazareva and Sokolova, 2018). The mass
development of cladocerans, which make up the
main food of vendace, takes place in the surface
water layer. Therefore, European vendace during
the growing period keeps in the upper 5—-10-m water
layer. It descends to the bottom habitats only as the
spawning period starts, in October—November, so
a change in the food composition may also occur.
Therefore, the food spectra of vendace caught in the
sublittoral of the reservoir differs from that of fish from
the pelagic group (Table 1). Amphipod crustaceans
Gmelinoides fasciatus (Stebbing, 1899), which
dominated in the benthos during the sampling period
(October), comprised 90% by weight of the diet of
coastal fish (Berezina and Strel’nikova, 2010).

In Lake Pleshcheyevo, vendace does not consume
much zoobenthos in the autumn period, as noted in the
Rybinsk reservoir, since the zooplankton production
in this lake is quite high throughout the season
(Stolbunova, 2006). Daphnia cucullata (Sars, 1862),
Bosmina coregoni, and Eudiaptomus graciloides
(Lilleborg, 1888) dominate in zooplankton by biomass
in September—October. At the same time, the biomass
of zooplankton is quite high (up to 21 g/m?®) both in the
littoral zone among aquatic vegetation and in the deep-
water part of the lake.

Northwest Russia

In the Lake Ladoga and Lake Onega, copepods
and cladocerans are main food components of the
small-sized C. albula (body length 10-14 cm); the
quantitative ratio of different species in the fish food
bolus varies depending on the season and the biomass
distribution in the reservoir. In Lake Onega, the
vendace larger than 14 cm also feeds on chironomid
larvae and pupae throughout the season, in addition
to cladocerans and copepods; in August, chironomids
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Table 1. Species and groups of invertebrates forming the food basis of vendace in various water bodies of Eurasia.

Lake

Month

Fish
length,
mm

Dominant food items

Reference

Rybinskoe
(Volga River)

Pleshcheyevo

Ladoga

Onega

Syamozero

Vishtynetskoe

Vozhe

Krivoe

Imandra

VII-X

VI-X

V—-IX

VI-IX

VII-IX

VII-IX

V—-IX

VI-X

VII-IX

85-180

150-210

100-140

100-186

123-195

100-180

135-170

86—-180

Bosmina coregoni

Bythotrephes spp.

Leptodora kindtii
Chydorus sphaericus
Gmelinoides fasciatus

Leptodora kindtii

Bythotrephes brevimanus

Bosmina coregoni
B. longirostris
Daphnia longispina
Megacyclops viridis

Asplanchna priodonta
Daphnia spp.
Bosmina spp.

Holopedium gibberum

Eudiaptomus gracilis

Sida crystallina

Polyphemus pediculus

Bosmina longimanus
Leptodora kindtii

Limnocalanus macrurus

Eurytemora lacustris

Leptodora kindtii

Bythotrephes cederstrémii

Eudiaptomus gracilis
Bosmina coregoni
Daphnia longispina
D. cristata

Leptodora kindtii

Bythotrephes longimanus

Daphnia cucullata

Heterocope appendiculata

Chydorus ovalis,

Eudiaptomus graciloides

Bosmina coregoni

Heterocope appendiculata
pupae and larvae of aquatic insects

Gammarus lacusris
Monoporeia affinis
Phryganea bipunctata
Ephemera vulgata
Sphaerium nitidum
Bosmina longirostris
Sida crystallina
Megacyclops spp.

Centroptilum spp.
Cricotopus spp.
Psectrocladius spp.
Prodiamesa spp.
Diamesa spp.
Stictochironomus spp.
Euglesa spp.
Limnephilidae

Kiyashko and

Slyn’ko, 2003;

Berezina and
Strelnikova, 2010

Khal’ko et al., 2019

Kuchko et al., 2017

Mal’tseva, 1983

Sterligova et al.,
2002; Sterligova and
I’'mast, 2016

Krivopuskova et al.,
2014; Mychkova et
al., 2017

Zuyanova et al., 1994

Berezina et al., 2021;
Berezina et al., 2018

Zubova and Kashulin,
2019; Zubova et al.,
2020
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Fish
Lake Month length, Dominant food items Reference
mm
Leptodora kindtii AL
Medve VII-IX  184-250 Bosmina spp. Wiéski, 2002
Bythotrephes spp.
; V-VII, Daphnia cucullata
Leginske || 170-265 Eudiaptomus spp. Szyputa, 1965
Cyclops spp.
; Cyclops strenus Mamcarz and
Khazhikovske -VI 161-181 Daphnia spp. Bloniarz, 1995
Bosmina coregoni
. 5 » Daphnia spp. "
Suomunyarvi IV—X 82-234 Cyclops scutifer Viljanen, 1983
Heterocope appendiculata
Bosmina coregoni ;
Bolmen VII-X - Holopedium gibberum Hamrin, 1983
Bosmina longispina
Melaren VI-X 112-280 Limnocalanus macrurus lﬂgnr,tlrr]ﬁgrt%%%%
Heterocope appendiculata ’
Bosmina spp.
Golodnaya Inlet  VII-VIII  150-190 Daphnia spp. Fadeeva, 1999
Chydorus spp.
Korovinskaya Cladocera Kornilova and
Inlet VIEVIIE160-200 imagoe and pupae of Chironomidae Panova, 1964
Cladocera
Bolshoi Kharbei  VII-IX  150-190 larvae of Chironomidae Sidorov, 1974
mollusks
Bosmina spp.
Lama and Limnocalanus grimaldii Vershinin and
Melkoe VII=VIII - 170-250 L. macrurus Sycheva, 1964;
imagoe, larvae, and pupae of Romanova, 1948
Chironomidae
Bosmina spp.
Daphnia spp.
Senecella calanoides Leshchinskaya,
11111, Bythotrephes spp. 1962; Stepanova,
Ob Bay VIII-IX,  90-270 Limnocalanus macrurus 2017; Stepanova
Xl Monoporea affinis and Stepanov, 2006;
Cyclops spp. Yukhneva, 1955;
Heterocope sp.
Onisimus sp.
Bosmina longirostris
Limnocalanus macrurus
Kolyma River VIII-X 80-180 Planorbidae Fedorova et al., 2011
Pisidiidae

Odonata
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comprise more than 70% by mass of the food bolus
(Mal'tseva, 1983). In these lakes, during the summer
and until early September, vendace usually stays in the
warmest upper 5—-10-m water layer due to the largest
accumulation of plankton here (Nikolaev, 1983).

According to Ya.A. Kuchko et al. (2017), in
northern Lake Ladoga at the beginning of summer,
rotifers Asplanchna priodonta (Gosse, 1850),
Kellicottia longispina (Kellicott, 1879), and Keratella
cochlearis (Gosse, 1851) along with copepods of the
genera Mesocyclops and Thermocyclops constitute
the basis of the vendace ration (75% by mass of all
consumed organisms); during this period, the share
of crustacean zooplankton in the natural communities
is low. As the waters warm up and throughout
the summer, vendace consumes most significant
cladocerans of pelagic zooplankton (Daphnia
cristata (Sars, 1862), D. longispina, Holopedium
gibberum (Zaddach, 1855), Bosmina coregoni, and
B. longirostris (O.F. Muller, 1785)) and copepods
(Eudiaptomus gracilis (Sars, 1863) and Cyclops
strenuus (Fisher, 1851)), as well as representatives
of the littoral fauna of the thickets: Sida crystallina
(O.F. Mdller, 1776), Polyphemus pediculus
(O.F. Mduller, 1785), Ceriodaphnia quadrangula
(O.F. Mdller, 1785), Macrocyclops albidus (Jurine,
1820), and Megacyclops Vviridis (Jurine, 1820)
(Kuchko et al., 2017).

In autumn, other zooplankton species dominate
in the pelagic and littoral of Onega and Ladoga lakes,
but the food composition of vendace remains similar
to the summer period, when cladocerans make up
90% of its ration (Sterligova et al., 2002).

Large crustaceans Leptodora kindltii,
Bythotrephes cederstromii Schddler, 1877, Bosmina
spp., H. gibberum, and E. gracilis are main forms
of zooplankton consumed by vendace in Lake
Syamozero, southern Karelia (Sterligova and II'mast,
2016). During insect swarming, vendace switches to
this prey; aerial insects may bring up to 99% by mass
of the food bolus. In spring, copepod crustaceans
are the main food for vendace in the boreal lakes of
Karelia, with E. gracilis being the absolute dominant
(81.8%). Cladocerans are basis of ration of vendace
(body length of 12.3—19.5 cm) in summer and autumn,
when Bosmina coregoni, Daphnia longispina,
D. cristata, B. cederstromii, and L. kindftii are the main
food objects. Rotifers are noted in small humbers.
The share of copepods in the summer months is
small (3.2%), but increases in autumn (31.7%).

In the lakes of the Arkhangelsk Oblast,
vendace has nearly no food competition with other
species (Dvoryankin, 2009). In the Lake Kenozero,
cladocerans of the genus Daphnia are the main
components (96.5%) of its diet in the autumn period
(Dvoryankin, 2009). In the Lake Lekshmozero,
cladocerans Daphnia (61.3%) and Bosmina (27%)
are the main food for vendace, the share of copepods

reach 11.5% by abundance; larvae of chironomids,
caddis flies, and aerial insects constitutes less than
1% (Dvoryankin, 2009).

In the Lake Vishtynetskoe, representatives of
the genus Daphnia (47.5% according to the index
of relative importance) and copepods (37.5%)
dominate in the vendace diet (Krivopuskova et
al., 2014). In summer, high selectivity for large
representatives of zooplankton (Leptodora kindltii
and Bythotrephes longimanus) has been revealed.
These two cladoceran species are presented in the
food bolus of vendace in large numbers even when
their biomass in the lake is low. Benthic organisms
(larvae of chironomids and oligochaetes) and rotifers
are also found in the food bolus, but their proportion
is less than 1%. The presence of chironomid pupae
in the food bolus of vendace is noted in the period
preceding the swarming of these insects. Changes in
the diet of vendace are noted when the places of its
localization change. For example, during abnormally
warm periods in the Lake Vishtynetskoe, vendace
descends down to cooled near-bottom water layers;
during homothermy, the population is dispersed
throughout the lake, approaching shallow water;
benthic invertebrates dominate in the diet of vendace
during this period (Krivopuskova et al., 2014).

In the Lake Vishtynetskoe, there is a seasonal
change in the species composition of food items in
the diet of vendace. In autumn, Daphnia cucullata,
B. longimanus, L. kindtii, Chydorus ovalis (Kurz,
1875), as well as rotifers dominate in the food bolus
of fish. At the same time, the copepods E. graciloides,
Heterocope appendiculata (Sars, 1863),
harpacticides, and plants are the additional food
objects. In the winter post-spawning period, vendace
feeds mainly on copepods (35%), zooplankton
species dominanting in winter (over 89% of total
abundance), and plants (28.6%) (Mychkova et al.,
2017). E. graciloides and H. appendiculata contribute
45.5% and 29.9% by mass, respectively.

Northern Russia

In the subarctic lakes of Russia, characterized by
a low zooplankton productivity, benthic invertebrates
are increasingly found in the vendace food spectrum
(Berezina et al., 2021; Berezina et al., 2018). In Lake
Vozhe (northern Vologda Oblast, upper reaches of
the Onega River), the food spectrum of C. albula
expands, showing specific seasonal peculiarities
(Zuyanova et al.,, 1994). From May to autumn,
zooplankton and insect imagoes are the main food
objects; however, a frequent change of dominant
planktonic species leads to the change in the food
spectrum. Thus, in spring and early summer, Bosmina
coregoni and Heterocope appendiculata were the
main food objects, in August, these were Cyclops,
Diaptomus, and Daphnia (Zuyanova et al., 1994).
Pupae and larvae of aquatic insects (chironomids,
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mayflies, caddis flies, and dragonflies) are noted
in the food bolus quite often; sometimes aquatic
mites, nematodes, oligochaetes, plant debris, and
phytoplankton are also found.

In the Lake Imandra, vendace feeds mostly on
benthic organisms. Benthic invertebrates are found
in 67% of vendace specimens (up to 15 cm length),
and zooplankton, only in 25% of studied vendace
specimens (Zubova et al., 2020). The index of the
relative importance of zoobenthos exceeds sixfold the
index of zooplankton (Table 1). Large vendace (body
length > 15 cm), the food bolus is presented by 94.7%
by the representatives of macrozoobenthos: larvae
and pupae of chironomids, caddis flies Limnephilidae,
bivalve mollusks of the genus Euglesa, bugs, and
nematodes (Zubova and Kashulin, 2019). The
larvae of chironomids of the genera Centroptilum,
Cricotopus, Diamesa, Prodiamesa, Psectrocladius,
and Stictochironomus, as well as the larvae of
Coleoptera of the genus Dytiscus, were the dominant
groups of benthic organisms in the diet of vendace.
Amphipods, larvae of stoneflies, and gastropods
of the genus Valvata make up 17% by mass in
the food bolus. Therefore, according to the type
of food, the European vendace in Lake Imandra is
characterized as an omnivorous predator preferring
macrozoobenthos.

Vendace of small northern lakes in Karelia (Krivoe,
Nizhnee Starushech’e) are characterized by high
seasonal variability in nutrition and the contribution of
various groups of benthos and plankton to their diet
(Berezina et al., 2018; Berezina et al., 2021). Analysis
of stable nitrogen and carbon isotopes in fish tissues
and their potential food sources revealed four trophic
levels in the food webs of Lake Krivoe and highly
pronounced euryphagy. In summer, the fish was
characterized by a mixed diet, using food resources
of predominantly benthic origin in both coastal and
deep habitats (Berezina et al., 2018). Among them,
bottom amphipods Gammarus lacustris Sars, 1863
and Monoporeia affinis (Lindstrém, 1855) accounted
for 67—75% of the assimilated food of fish, planktonic
crustaceans, 2-5%. These data are somewhat
contradict the results of the analysis of fish stomachs:
for example, the contribution of zooplankton in food
bolus may reach 22% in summer and early autumn
(Berezina et al., 2018). In contrast to summer and
autumn, in the ice winter-spring period, the share of
planktonic crustaceans and insect larvae in the food
bolus of vendace was rather high (37-54% and 24—
42%, respectively), while amphipods (G. lacustris,
M. affinis) accounted for less than 20%. In general,
macroinvertebrates were the main food resource
of vendace in small subarctic lakes throughout the
year, but crustacean plankton was also important in
its diet; its role especially increased in the autumn-
winter period (Berezina et al., 2021; N.A. Berezina,
unpublished data, 2020-2021).

Europe

Analysis of publications on the feeding of small-
sized vendace C. albula in boreal lakes in a number
of European countries evidences that zooplankton
is the basis of its nutrition. At the same time,
cladocerans and copepods are dominant zooplankton
representatives in all lakes (Table 1).

In the small lakes of Lithuania, in the summer-
autumn period, C. albula consumes a wide range
of prey, 19 taxa (Bukelskis and Umbrasaite, 2016),
being a typical planktivore. In all lakes, cladocerans,
copepods, and chironomid larvae prevail in their diet.
The vendace also consumed the mollusks Bithynia and
Dreissena (Lake Chichiris) and mysids (Lake Daugai).

In Lake Wigry (northeastern Poland), a close
relationship between the food spectrum of vendace
and seasonal dynamics of abundance and species
diversity of zooplankton has been observed
(Czarkowski et al., 2007). In spring and autumn,
vendace feeds on large copepods Cyclops vicinus
Ulyanin, 1875 and Eudiaptomus graciloides, in
summer, these are cladocerans (Daphnia cucullata,
D. cristata, and D. hyalina Leydig, 1860); larvae and
pupae of amphibiotic insects (Chaoborus sp. and
Microtendipes sp.) are recorded in small numbers.

In the lakes of Finland, Germany, and Sweden,
European vendace (C. albula) is known primarily
as planktivorous, i.e. it feeds mainly on seasonally
abundant zooplankton such as cladocerans and
copepods, with a small addition of insect larvae
(Mamcarz and Btoniarz, 1995; Schulz et al.,
2003; Viljanen, 1983). If such large food items as
Bythotrephes longimanus, Leptodora kindtii, and
mysids are available, they become dominant in the
diet (Scharf et al., 2008; Schulz et al., 2003; Viljanen,
1983). Benthic organisms (larvae of chironomids and
amphipods) are noted as single and sporadic food
components (< 2%) in the vendace diet (Northcote
and Hammar 2006; Scharf et al., 2008).

Some studies have revealed patterns in the food
preferences of vendace; for example, mysids were
consumed in different seasons of the year, while
nauplii of copepods were always avoided (Scharf et
al., 2008). Mysids were found in large numbers in the
stomachs of vendace, when their abundance in the
pelagic zone was high alongside a low availability of
mesozooplankton.

According to selectivity indices, vendace usually
prefers large species of cladocerans and copepods
in Finnish lakes (Viljanen, 1983); therefore, changes
in its food spectrum reflect seasonal changes in
the zooplankton community and depend on the
abundance of available food organisms.

Bolshemelskaya Tundra and
Malozemelskaya Tundra

Vendaces are numerous in the lakes of the
Malozemelskaya Tundra. In the Lake Golodnaya
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Guba, vendace (body length up to 19 cm) feeds on
cladocerans of the genera Bosmina, Chydorus, and
Daphnia in July—August (Kornilova, 1967; Fadeeva,
1999). Chironomid larvae and pupae, as well as their
imagoes, are also occasionally found in the food bolus
of these fish. A characteristic feature of this lake, as
well as of other water bodies of northern latitudes,
is low feeding capacity for planktivorous fish, since
the abundance of the genera Bosmina, Chydorus,
Daphnia, Conochilus, as well as Keratella cochlearis
and Kellicottia longispina, is low, from 0.3 to 0.6 g/m3
(Imant et al., 2018).

In the Usa River, in autumn, C. sardinella (15—
21 cm)feeds mainly onimagoes of aerial insects, three
quarters (72.8%) of the food bolus were presented by
them (Borovskaya and Novoselov, 2020). High values
of the proportion of adult insects in the food bolus
coincided with the moments of their emergence from
the water after metamorphosis. Diptera Simuliidae
(24-51% by weight), Mycetophilidae, Muscidae, and
Chironomidae prevailed among these insects in the
stomachs of vendace. Aquatic insect larvae living on
the sediment surface (larvae of chironomids, coastal
flies, caddis flies, stoneflies, and mayflies) were less
important in the diet of vendace, accounting for 24%
by weight.

In August-September, the Pechora vendace
migrates to rivers to spawning grounds, it usually
keeps in the surface water layer, so it feeds on the
surface, collecting insect imagoes: midges and
mosquitoes (Solovkina, 1962). In the delta and estuary
of the Pechora River, vendace feeds on planktonic
and benthic invertebrates (Fadeeva, 1999). In the
floodplain and riverbed water bodies of the Pechora
River, at the end of July, C. sardinella consumes
crustaceans in significant quantities (Zvereva et al.,
1953). European vendace, feeding directly in the
riverbed and its tributaries, feeds mostly on insect
imagoes (both terrestrial and aquatic forms), as well
as on benthic invertebrates (Solovkina, 1962). Larvae
of chironomids, caddis flies, mayflies, and stoneflies
were found in the food spectrum. Zooplankton was
rare in the stomachs of the vendace feeding at the
riverbed.

In the Pechora River delta, vendace has the
opportunity to feed on plankton only during warm
years. During these periods, cladocerans, chironomid
pupae, and insect imagoes form the basis of its
summer diet (Kornilova and Panova, 1964). In cold
years, in the river delta and in the Korovinskaya Inlet
of the Pechora Bay, the development of zooplankton is
insufficient to fully support vendace needs (Kornilova,
1970).

In the Lake Bolshoi Kharbei (basin of the Pechora
River, eastern part of the Bolshezemelskaya Tundra),
as in other tundra lakes, extremely warm years
alternate with extremely cold ones (Loskutova,
2002). The food spectrum of vendace in the Kharbei

Lakes in warm years (August—September) is usually
represented by zooplankton (> 50%), while in cold
years, vendace feeds mainly on benthic invertebrates,
such as chironomid larvae and mollusks (Sidorov,
1974). The food spectrum of fish living in different
lakes varies greatly. For example, in the Lake Bolshoi
Kharbei, in a warm year, cladocerans (67% by
weight) dominated in the diet of vendace, while these
were copepods in the Vashutka Lakes (Kuchina and
Solovkina, 1970; Sidorov and Reshetnikov, 2014).

Western and Eastern Siberia

The shallow (down to 20 m deep) Gulf of Ob
(the estuary of the Ob River) is covered by ice for
most of the year (240 days). River waters, carrying
micronutrients and heat from the south, mix here with
the cold salty waters of the Kara Sea, which promotes
specific hydrological and hydrochemical conditions
favorable for the mass development of plankton and
benthos and for the reproduction of vendace.

Almost all fish living in the Gulf of Ob feed
on benthos; only vendace and smelt consume
zooplankton. According to V.S. Yukhneva (1955), in
summer, in the Gulf of Ob, vendace feeds mainly
on planktonic crustaceans of the genera Daphnia,
Bosmina, Cyclops, etc. (Table 1). Vendace from the
middle part of the bay prefers crustaceans of the
genus Heterocope and the family Diaptomidae, and
in the northern part, the food is mainly presented by
Senecella calanoides Juday, 1923, Bosmina sp., and
Daphnia sp. (Leshchinskaya, 1962).

In the Gulf of Ob, the food spectrum of vendace
in autumn and winter differs significantly from that in
summer. In September and October, vendace (body
length 16—27 cm) consumes amphipods Monoporeia
affinis, which may make up 100% of the stomach
contents (up to 600 ind. per fish) (Stepanova and
Stepanov, 2006). In December—January, copepod
Limnocalanus macrurus G.O. Sars, 1863 and mysids
were found in its diet in addition to M. affinis. At the
same time, about half of the studied fish were actively
feeding. In February—March, calanoids, among which
L. macrurus dominated (up to 100% by biomass) were
still the main food items for vendace (Stepanova,
2017). The frequency of occurrence of amphipods
(most often Onisimus spp.) was 25%, mysids, 12%.
Therefore, during the ice period, vendace in the
Gulf of Ob is characterized by a mixed diet with a
predominance of large crustaceans.

In the lakes of the Norilsk-Pyasinskaya lake-river
system, characterized by a harsh climate, vendace
is characterized by high feeding plasticity (Nikulina
and Romanov, 2019; Popov, 2007) and a mixed
type of diet, including zooplankton, zoobenthos, and
aquatic vegetation (Romanova, 1948; Sycheva and
Luk’yanchikov, 1964). According to N.V. Vershinina
and A.V. Sycheva (1964), young vendace living in the
coastal areas of the Putorana Plateau (lakes Lama
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and Melkoe) feed on rotifers, crustacean plankton,
chironomid larvae and pupae, and insect imagoes.
The food spectrum of adult fish (body length
up to 25 cm) feeding in the pelagic zone is narrower;
it mainly includes cladocerans of the genus Bosmina,
large calanoids Limnocalanus grimaldii (Guerne,
1886) and L. macrurus, and, to a lesser extent, larvae
and pupae of chironomids. The rotifers and copepods
usually dominate in zooplankton of these lakes
(total average biomass of 0.5 g/m?®), while more than
40 species of chironomids and amphipods inhabit
zoobenthic communities (Zadelenov et al., 2017).

The food spectrum of vendace in the high-latitude
Lake Taimyr varies from year to year depending on
the plankton and benthos development during the
very short summer. For example, vendace in the Lake
Taimyr fed exclusively on copepods in the pelagic
zone, only occasionally eating chironomid larvae
(Greze, 1957), but according to other authors Taimyr
vendace consumed mainly benthos (amphipods and
mysids), as well as aerial insects (Malinina et al.,
1988). In the spring, during the flood, shallow bays
and inlets are formed around the Lake Taimyr for
3—4 weeks, which serve as additional feeding grounds
for vendace. In summer, the zooplankton biomass in
the lake is low (0.16—0.23 g/m?®), while zoobenthos is
well developed, especially in bays, where its biomass
reaches 5.6 g/m? (Kiyashko, 1995). Moreover, 57% of
the fish were with empty stomachs. In well-warmed
bays of the Lake Taimyr, the vendace food spectrum
consists of amphipods, chironomid larvae, ostracods,
and mollusks (Kiyashko, 1995).

In the northern Krasnoyarsk Krai, in the Khatanga
River and Khatanga Bay, the diet of vendace was
mostly presented by the larvae of chironomids and
caddis flies, amphipods, mysids, and aquatic plants
(Lukyanchikov, 1967; Romanov, 1997; Romanov
and Karmanova, 2005). Zooplankton was poorly
represented in the diet of vendace in Khatanga River,
since it was extremely scarce in the river. Turukhansk
vendace from the middle and lower reaches of the
Yenisei River, as well as from other water bodies of
Siberia, is characterized by a mixed type of feeding.
However, in some years, vendace predominantly
feeds on zooplankton, and in other years, on benthic
invertebrates (Popov, 2007; Ustyugov, 1972, 1976).

The larvae of dragonflies and other insects (more
than 50% of the frequency of occurrence), mollusks
and amphipods were the main food components of
underyearlings in the Kolyma River (Fedorova et al.,
2011). In the two-year-old vendace, the proportion of
mollusks from the families Planorbidae and Pisidiidae
increased. In fish of older age groups, insect
larvae dominated in the diet. In the lower reaches
of the Kolyma River, where the zooplankton was
characterized by high share of rotifers, cladocerans
Bosmina longirostris and copepods Limnocalanus
macrurus (total abundance from 17 to 121 thousand

ind./m3), vendace nevertheless preferred to feed on
benthic invertebrates (Fedorova et al., 2011).

Conclusions

Analysis of the feeding of European vendace
and sardine cisco in various water bodies of Eurasia
(both temperate and high latitudes) evidences that
its food spectrum is quite wide: from small forms
of phytoplankton and zooplankton to large benthic
crustaceans, insect larvae, mollusks, and even fish.
Despite the fact that vendace is more adapted to
feeding on small crustaceans in the water column by
the structure of its jaw apparatus, it can also easily
feed on benthic invertebrates.

Water bodies located in the boreal zone of
Europe and Russia (Lake Pleshcheyevo, lakes of the
southern Karelia, Lake Ladoga, Lake Onega, Lake
Vishtynetskoe, Lake Lekshmozero, Lake Kenozero,
etc.) are characterized by a fairly high development of
the zooplankton community during the growing period
of vendace; thus, the dietary needs are fully met by
crustacean zooplankton. At the same time, feeding
mainly on cladocerans and copepods, vendace always
prefers larger objects, such as representatives of the
genera Leptodora, Bythotrephes, and Limnocalanus.
In most water bodies, where seasonal variability of the
qualitative and quantitative indicators of zooplankton
is observed, caused by both the peculiarities of
hydrological conditions and the specificity of the
biological cycles of zooplankton species, vendace
may alter the feeding strategy in accordance with the
emerging trophic conditions. If large benthic objects
are available, it can successfully feed on them,
preferring primarily crustaceans and insects, but if
this prey becomes unavailable, vendace may also
consume mollusks, fish, and phytobenthos. Including
all kinds of the most abundant benthic organisms,
planktonic animals, and aerial insects, vendace
has adapted to life in various reservoirs of different
latitudes and even in the very harsh conditions
of Siberia and the Arctic, where it is still one of the
most valuable fishing objects. Vendace has high
feeding plasticity along with poor development of
the food base; therefore, its food spectrum is very
diverse and variable both in regard to the season and
latitude, being highly dependent on biodiversity and
productivity of the reservoir.
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Abstract. Data on the fauna and vertical distribution of butterflies of
the Moldo-Too Mountain Range (Inner Tien Shan) are presented.
The material for research was collected during 12 summer seasons
at 9 points of the ridge. The fauna of this mountainous region
includes 118 species of Rhopalocera: 9 species of Hesperiidae,
7 species of Papilionidae, 15 species of Pieridae, 21 species of
Nymphalidae, 23 species of Satyridae, 1 species of Riodinidae and
42 species of Lycaenidae. The vertical distribution of this fauna on
the Moldo-Too Range is as follows: 79 species in low mountains,
100 species in middle mountains, 60 species in high mountains and
31 species in ultrahigh mountains. The distribution of this fauna on
the key habitats is as follows: 91 species in steppes, 105 species
in dry meadows, 57 species in wet meadows, 14 species in screes,
23 species in rocks and rocky places and 18 species in the bushes.
It is shown that the faunas of the low and middle mountains, high
and ultrahigh mountains are similar, and that the faunas of two
of the six key biotopes (steppes and dry meadows) are similar;
possible causes of this similarity are discussed.
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Introduction

2012, 2015; Zhdanko, 1979, 1983); the composition

Butterflies of the mountainous regions of Central
Asia have been the subject of active study for over
150 years. However, this study mainly focuses on
issues of taxonomy and nomenclature; summaries
of the data on the fauna and ecology of diurnal but-
terflies in the region are quite rare. The best-studied
region in this respect is the North Tien Shan; other
mountainous areas have been studied much less.
For the North Tien Shan, the vertical distribution of
butterflies was studied for all ridges (Korb, 1994,

of the faunas of this area has also been studied in
detail (Korb, 2000).

In the Inner Tien Shan, the vertical distribution
has not been studied for any ridge, and the compo-
sition of faunas is only known for two out of eight rid-
ges: Suusamyrtoo (Korb, 2010) and Jumgaltoo (Korb,
2018). Meanwhile, the issues of studying the vertical
distribution and composition of the faunas of individ-
ual ridges are extremely important for understanding
the processes of faunogenesis in the mountainous
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territories of Central Asia (Kryzhanovsky, 1965), es-
pecially because some of the mountain ranges of
the region have a vertical belt distribution (Semenov,
1858), and some are mosaic (Zimin, 1964). In par-
ticular, in the North Tien Shan, four out of five ridges
are characterized by a zonal vertical distribution of
butterflies (Korb, 2012) and one ridge shows a mo-
saic distribution (Korb, 2015). In addition, it is possi-
ble to assume the presence of a mixed (belt-mosaic)
vertical distribution of butterflies in the mountains of
Central Asia, but so far this type of vertical distribution
has not been shown for any ridge.

At present, there is not enough material to draw
conclusions about how often vertical distribution of
butterflies of the mosaic type occurs in Central Asia
and whether there are patterns in its distribution. This
work is a continuation of studies on the vertical distri-
bution of Rhopalocera in the mountain ranges of Cen-
tral Asia, and should serve as the next stage in the
accumulation of the data necessary to understand
its patterns. The Moldo-Too Range was chosen as a
model for studying the vertical distribution of butter-
flies for the following reasons. Firstly, it is located al-
most entirely in the middle of the Inner Tien Shan and
can be considered the standard of its Rhopalocera
fauna. Secondly, almost all of its territory is easily ac-
cessible (a convenient highways run along the entire
ridge). Thirdly, the piedmont plain has been cultivat-
ed for many centuries, and in the future our studies
can form the basis for comparison with less or more
disturbed faunas of other Inner Tien Shan ranges, as
well as neighbouring mountainous regions.

Material and methods

The Moldo-Too range stretches in a latitudinal
direction between the valleys of the Kékémeren and
Naryn rivers; the length of the range is about 150 km.
The highest peak reaches 4185 m above sea level.
The range is composed mainly of limestone with ex-
tensive inclusions of clay and sandstone. The lower
and middle parts of the slopes are occupied by steppe
and in some places semi-desert vegetation (cereal and
forb steppes, Kobresia communities, wormwood- Ko-
bresia and wormwood-cereal semideserts); higher up,
there are thickets of shrubs and trees (juniper, spruce).

The material was collected during the summer
season (from June to August) in 1997, 1999, 2001,
2005, 2007, 2009, 2014-2019 in the following local-
ities (Fig. 1): (1) Kok-Zherty Canyon (N 41°33'39"
E 73°56'17"); (2) vicinity of the village of Dostuk
(N 41°22'46" E 75°38'18"); (3) vicinity of the village of
Kulanak (N 41°21'21" E 75°30'13"); (4) vicinity of the
village of Ak-Tal (N 41°24'26" E 75°3'43"); (5) vicinity
of the village of Ak-Kyya (N 41°27'15" E 74°59'51"); (6)
Koro-Goo mountain pass (N 41°31'34" E 74°42'37");
(7) vicinity of Song-Kel Lake 12 km of the Kara-Ke-
che coal mine (= Korum-Kechy in old papers)

(N 41°457" E 74°55'7T"); (8) vicinity of Mount Ka-
zarman (N 41°24'18" E 74°2'6").

To collect material, 3-5 straight routes were made
to each point, radially diverging from the expedition
camp, 3—7 km long, with climb. The material on linear
routes was collected using an entomological net for
not easily identified species; easily identifiable taxa
were recorded based on instant observation. A total
of 4000 specimens were collected and more than
25000 observations were made. In addition, collection
materials were used from the Zoological Museum of
Moscow State University (Moscow), the Zoological
Institute of the Russian Academy of Sciences
(St. Petersburg), the Institute of Biology of the Komi
Scientific Center of the Ural Branch of the Russian
Academy of Sciences (Syktyvkar), the Finnish Natural
History Museum (Helsinki) and Berlin Museum of
Natural History (Museum fur Naturkunde Leibniz-
Institut fur Evolutions- und Biodiversitatsforschung)
(Berlin).

The collected material was processed using
Microsoft Excel 2019 and IBM SPSS Statistics
(version 26). The similarity of the faunas was assessed
using the Jaccard similarity index; the K nearest
neighbour algorithm (KNN) was used to construct the
dendrogram (Pesenko, 1982). The systematics and
nomenclature of the butterflies follows the modern
catalogue (Korb and Bolshakov, 2016).

The belts of the vertical profile of the ridge are
identified in accordance with the traditional division
(Gorodkov, 1984), which we have modified and
supplemented (Korb, 2012, 2019): low mountains,
medium mountains, high mountains, and ultrahigh
mountains. The types of biotopes are identified in
accordance with their key role in the conservation of
biological diversity and are determined according to
the method described by A.V. Gribkov et al. (2017):
steppe and steppe stations (Fig. 2A), dry meadows
(Fig. 2B), wet meadows (Fig. 2C), talus (Fig. 2D, E),
rocks (Fig. 2F) and bushes (Fig. 2G).

Results

On the Moldo-Too Range, 118 species of butterflies
were recorded (Table 1). They are distributed along
vertical belts as follows: 79 in the low mountains, 100
in the middle mountains, 60 in the highlands and 31
in the ultrahigh mountains. Division by key biotopes:
91 species were recorded in steppe and steppe zones,
105 — in dry meadows, 57 — in wet meadows, 14 — in
talus, 23 — in rocks and 18 — in thickets of shrubs.

The analysis of the similarity of the faunas of the
vertical belts (Table 2) shows that the faunas located
below are more similar than those located above. The
similarity index of the faunas of the low and middle
mountains is 0.750, while for the faunas of the high
and ultrahigh mountains the same index is 0.500. The
latter value is a threshold for identifying faunas as
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Fig. 1. Map of the study area. See the text for locality details.

similar. The faunas of the high and middle mountains
are different. Thus, along the border of these two
belts, a conditional line can be drawn between the
faunas of allochthonous and autochthonous origin.
The relationship between the faunas of key
biotopes looks much more interesting (Table 3). Here,
the similarity is observed only between steppe and
steppe stations and dry meadows, due to the obvious
commonality of habitat conditions, such a regularity
in the distribution of species over key biotopes is
expected. The faunas of diurnal butterflies in other
key biotopes of the Moldo-Too Range are different.
The taxonomic composition of the butterflies of
the ridge includes 9 species of Hesperiidae, 7 species
of Papilionidae, 15 species of Pieridae, 21 species
of Nymphalidae, 23 species of Satyridae, 1 species
of Riodinidae and 42 species of Lycaenidae.

Lycaenidae and representatives of the nymphaloid
complex (Nymphalidae and Satyridae; some authors
consider them as subfamilies of the same family) are
represented approximately equally and in general
account for more than two thirds (72%) of the entire
fauna. The remaining 28% of the fauna belongs
to 4 families, of which the largest share of species
belongs to Pieridae, and the smallest to Riodinidae.
The largest number of Hesperiidae species
was recorded in the low-mountain (7) and middle-
mountain (8) belts. In the highlands, the number of
skipper species sharply decreases (4 species were
noted), in the ultrahigh mountains it is even fewer (2
species). For the Papilionidae, the opposite picture
was noted: only 1 species was recorded in the low
mountains, in the middle mountains the number of
species increases markedly (4 species), and the
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Fig. 2. Key biotopes: A — steppe and steppe stations, vicinity of the village of Kulanak, 1800 m; B — Dry meadows, vicinity of the Koro-Goo
mountain pass, 2500 m; C — wet meadows, vicinity of lake Song-Kel near the Kara-Keche coal deposit, 3200 m; D, E - talus, vicinity of
the Moldo-Ashuu mountain pass, 2000 m (in two angles); F — Rock cliffs, Kogo-Goo mountain pass, 2400-2600 m; G — thickets of bushes,
the foothills of the Song-Kel-Ashuu mountain pass, 15 km on the way to the Kara-Keche coal deposit, 2200 m. Photographs by the author

(A, C-G), E. Komarov (B).
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Table 1. Vertical distribution and biotopic distribution of Rhopalocera of the Moldo-Too Range. | — low mountains (up to 1500 m), Il —
medium mountains (1500-2500 m), Il — high mountains (2500-3500 m), IV — ultrahigh mountains (above 3500 m). 1 — steppes and
steppe stations; 2 — dry meadows; 3 — wet meadows (alpine, subalpine); 4 — talus; 5 — cliffs; 6 — thickets of bushes (rose, Spiraea).

No. Species Vertical belts Biotopes
I Il m v 1 2 3 4 5 6
1 Carcharodus alceae (Esper, 1780) + + - -+ + - - - -
2 Syrichtus antonia (Speyer, 1879) + + - -+ + - - - -
3 S. staudingeri (Speyer, 1879) + + - -+ + - - - =
4 S. proteus (Staudinger, 1882) + + - - + + - - - -
5 Spialia orbifer (Hibner, 1823) + + + - + + - - - _
6 Pyrgus malvae (Linnaeus, 1758) + + + - + + + - - -
7 P. alpinus (Erschoff, 1874) - - + + + + + - - -
8 Thymelicus lineola (Ochsenheimer, 1808)  + + - -+ o+ - - - -
9 Hesperia comma (Linnaeus, 1758) - + + + + + + - - -
10 Papilio machaon (Linnaeus, 1758) + + + + + + + o+ o+ O+
11 Parnassius apollonius (Eversmann, 1847) - + + - + + + - - -
12 P. tianschanicus Oberthur, 1879 - + + - - + + -+ -
13 P. actius (Eversmann, 1843) - - + + - - + o+ o+ -
14 Koramius delphius (Eversmann, 1843) - - + + - - + o+ o+ -
15 K. infernalis (Elwes, 1886) - - -+ - - - o+ - -
16 K. davydovi (Churkin, 2006) - + + - - + - -+ -
17 Colias cocandica Erschoff, 1874 - - + + - - + - - =
18 C. erate (Esper, 1801) + + + + + + + - o+ -
19 C. romanovi Grum-Grshimailo, 1885 - + - -+ + - - - =
20 C. staudingeri Alphéraky, 1881 - - + - - + + - - -
21 C. thisoa Ménétriés, 1832 - + + - - + + - - =
22 Aporia crataegi (Linnaeus, 1758) + + + - + + + - - +
23 Metaporia leucodice (Eversmann, 1843) + + - - - - - - -+
24 Pieris brassicae (Linnaeus, 1758) + + - - + + + - - -
25 P. canidia (Sparrman, 1768) + + + -+ + - - - -
26 P. banghaasi Sheljuzhko, 1910 + + - - + + + - - =
27 P. napi (Linnaeus, 1758) + + - - % + + - - =
28 P. rapae (Linnaeus, 1758) + + - - + + + - - =
29 Pontia daplidice (Linnaeus, 1758) + + - - + + + - - -
30 P. chloridice (Hubner, 1808-1813) + + - -+ + - - - -
31 P. callidice (Hibner, 1800) - - + + - - + O+ o+ -
32 (Denis erScnitiermilior. 1775) L
33 A. niobe (Linnaeus, 1758) - + + - + + + - - -
34 A. adippe (Linnaeus, 1767) - + + + + + + - - -
35 A. aglaja (Linnaeus, 1758) + + + - + + + - - =
36 Issoria lathonia (Linnaeus, 1758) + + + + + + + - o+ -
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No. Species Vertical belts Biotopes

I Il nm v 3 4
37 (Denis ot Sahrormaler, 1775) LA . - -
38 Boloria erubescens (Staudinger, 1901) - + + + + —
39 B. generator (Staudinger, 1886) - - + o+ + -
40 Polygonia egea (Cramer, 1775) + + - - - -
41 Nympha/is_ xanthomelas + + _ B _ ~

(Denis et Schiffermuller, 1775)

42 Aglais urticae (Linnaeus, 1758) + + + + + -
43 Inachis io (Linnaeus, 1758) + + + + + -
44 Vanessa cardui (Linnaeus, 1758) + + + + + +
45 Melitaea didyma (Esper, 1778) + + - - - -
46 M. ala Staudinger, 1881 - + + - -
47 M. fergana Staudinger, 1881 - + + + + o+
48 M. trivia (Denis et Schiffermdller, 1775) + + - - - -
49 M. minerva Staudinger, 1881 + + + - + -
50 M. pallas Staudinger, 1886 - + + - + -
51 M. sibina Alphéraky, 1881 + + - - - -
52 M. arduinna (Esper, 1793) + + - - - -
53 M orsmann. 1847 oo - - -
54 Melanargia parce Staudinger, 1882 + + - - - -
55 Chortobius pamphilus (Linnaeus, 1758) + + + o+ + -
56 C. sunbecca (Eversmann, 1843) - + + - - -
s fusesaidemiteniel -+ . - - .
58 Erebia mopsos Staudinger, 1886 - - + + + o+
59 E. mongolica Erschoff, 1888 - - + + + o+
60 E. radians Staudinger, 1886 - - + + + -
61 E. progne Groum-Grshimailo, 1890 - - + + -+
62 Hipparchia autonoe (Esper, 1783) + + - - - -
63 Chazara briseis (Linnaeus, 1764) + + - - - -
64 C. enervata (Staudinger, 1881) + + + 4 + -
65 C. kaufmanni (Erschoff, 1874) + + - - - -
66 C. heydenreichi (Lederer, 1853) + + + - - _
o EuemnAnesy v v - -
68 Satyrus ferula (Fabricius, 1793) + + - - - -
69 Hyponephele interposita (Erschoff, 1874) + + - - - -
70 H. dysdora (Lederer, 1870) + + - - - _
71 H. laeta (Staudinger, 1886) + + - - - _
72 H. glasunovi (Grum-Grshimailo, 1893) + + - - - -
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No. Species Vertical belts Biotopes

I Il nm v 1 2 3 4
73 H. naricina (Staudinger, 1870) + - - - + - - -
74 H. haberhaueri (Staudinger, 1886) + + - - + + - -
75 H. naubidensis (Erschoff, 1874) + + - - + + - -
76 Polycaena tamerlana Staudinger, 1886 - - + + - - -+
77 Fixsenia acaudata (Staudinger, 1901) + + - - + + - -
G U M L R
79 N. sinensis (Alphéraky, 1882) + + - - + + - -
80 Callophrys rubi (Linnaeus, 1758) + + - - - + - -
81 Lycaena phlaeas (Linnaeus, 1761) + + + + + + + -
82 L. thersamon (Esper, 1784) + + + - + + - -
83 L. solskyi (Erschoff, 1874) - + + - + + + -
84 L. dispar (Haworth, 1802) + + - - + + + -
85 L. splendens (Staudinger, 1881) - + + - + + + -
86 L. margelanica (Staudinger, 1881) - - + + + + - -
87 Athamanthia dilutior (Staudinger, 1881) + + - - + + - -
88 Cupido buddhista (Alphéraky, 1881) - + + + - + + -
89 C. prosecusa (Erschoff, 1874) + + - - + + - -
90 Celastrina argiolus (Linnaeus, 1758) + + - - - + + -
91 Glaucopsyche alexis (Poda, 1761) + + - - - + + -
92 G. aeruginosa (Staudinger, 1881) - + + - + + - -
93  Phengaris cyanecula (Eversmann, 1848) + + + - + + + -
94 Plebejus idas (Linnaeus, 1758) + + - - + + - -
95 P. argivus (Staudinger, 1886) + - - - + + - -
96 P. rogneda (Groum-Grshimailo, 1890) + + - - + + - -
97 P. maracandicus (Erschoff, 1874) + + - - + + - -
98 Rueckbeilia fergana (Staudinger, 1881) + + + - + + + -
99 Alpherakya sarta (Alphéraky, 1881) + + - - + + - -
100 Glabroculus elvira (Eversmann, 1854) + + - - + + - -
101 (Denis efggﬁf?egﬁwséllfer, 1775) * * A
102 A. artaxerxes (Fabricius, 1793) + + + - + + + -
103 Afarsia sieversii (Christoph, 1873) - + - - + + - -
104  Agriades pheretiades (Eversmann, 1843) - - + + - + + o+
105 Eumedonia eumedon (Esper, 1780) + + + + + + + -
106 E. persephatta (Alphéraky, 1881) - + + - + + + -
107 Cyaniris semiargus (Rottemburg, 1775) + + - - - + + -
108 Polyommatus amandus (Schneider, 1792)  + + + - + + + -
109 P. ripartii (Freyer, 1830) + + - - + + - -
110  P. damon (Denis et Schiffermiller, 1775) + + - - + + - -
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No. Species Vertical belts Biotopes
I Il nm v 1 2 3 4 5 6
111 P. iphigenides (Staudinger, 1886) - + + + - + + - - -
112 P. samusi Korb, 2017 - + - - + + - - - -
113 P. melanius (Staudinger, 1886) - + + - + + S
114 P. phyllides (Staudinger, 1886) + + - - + + - - - -
115 P. thersites (Cantener, 1835) + + - - + + - - - -
116 P. venus (Staudinger, 1886) - - + + - - + -+ -
117 P. icadius (Groum-Grshimailo, 1890) + + + - + + + - - -
118 P. icarus (Rottemburg, 1775) + + + - + + + - - -
Bcero 79 100 60 31 91 105 57 14 23 18

Table 2. Jaccard similarity index of faunas of Rhopalocera of the vertical belts of the Moldo-Too Range. Designations of vertical belts as

in Table 1.
Vertical belt I Il Il v
I 1.000
Il 0.752 1.000
1 0.212 0.386 1.000
v 0.101 0.140 0.500 1.000

Table 3. Jaccard similarity index of faunas of Rhopalocera from key biotopes of the Moldo-Too Range. Key biotopes are designated as

in Table 1.

Key biotopes 1 2 3 4 5 6
1 1.000 - - - - -
2 0.848 1.000 - - - -
3 0.336 0.438 1.000 - - -
4 0.051 0.054 0.145 1.000 - -
5 0.130 0.134 0.194 0.370 1.000 -
6 0.149 0.162 0.154 0.067 0.108 1.000

family reaches the greatest diversity in the high
mountains (6 species). In the ultrahigh mountains,
the number of Papilionidae species again drops to 4.

The number of Pieridae species in low and middle
mountains is approximately equal (10 and 12 species,
respectively); it gradually decreases with an increase
in absolute altitude (7 species in the highlands and
3 in the ultrahigh mountains). Nymphalids, like the
previous family, have the maximum species diversity in
the middle mountains (20 species); the low-mountain
and high-mountain fauna of the Nymphalidae of

the Moldo-Too Range are approximately equal (14
and 13 species, respectively). The smallest number
of species of the family was noted in the ultrahigh
mountains (8 species). Satyrids in the low and
middle mountains have approximately equal number
of species (17 and 18 species, respectively), in the
high mountains the number of species decreases
markedly (10), in the ultrahigh mountains it drops
even more (6 species).

Riodinidae, represented by only one species
on the Moldo-Too Range, are absent in the low
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and middle mountains. Lycaenidae have the
highest species diversity in the middle mountains
(38 species); in the lowlands, 30 species of this family
have been recorded. The number of species of blues
in the highlands is half that in the middle mountains
(19 species); in ultrahigh mountains, their number
again drops by more than half (up to 7 species).

Discussion

Distribution of Rhopalocera along the vertical
belts of the Moldo-Too Range fits into the patterns
discovered earlier (Korb, 2014, 2019): the highest
species diversity is observed in the middle-mountain
belt, the lowest in the ultra-high mountain zone; at the
same time, the number of species first increases in
the direction from bottom to top, and then converse-
ly, decreases after the mid-mountain zone. This con-
cerns both the general Rhopalocera fauna, and the
faunas of individual families.

The relationship between faunas of diurnal butter-
flies in key biotopes of the Moldo-Too Range: similarity
between key biotopes is observed only for steppe and
steppe stations and dry meadows. This type of distri-
bution indicates an absence of connections between
the faunas of butterflies of low mountains-middle
mountains and high mountains-ultrahigh mountains.
Kryzhanovsky (1965) proposed a theory about differ-
ent sources of origin for the faunas of the mountains
of Central Asia: the low-mountainous-middle-moun-
tain group of faunas is of allochthonous origin, and the
high-mountainous-superhigh-mountain group is of au-
tochthonous origin. The lack of connections between
these groups in our data supports this theory.

It is noteworthy that the index of similarity of
the Rhopalocera faunas of the highlands and ultra-
highlands of the Moldo-Too Range is at the border
between similarity and dissimilarity (0.500). In the
mountain ranges of the North Tien Shan, the simi-
larity between the alpine and ultra-alpine faunas of
diurnal butterflies is higher; the minimum value of
the similarity index was found for the Kyrgyz Range
(0.540), maximum — for Trans-lli Alatau (0.810) (Korb,
2012). In the mountains of the Southwestern Pamir,
the index of similarity of the faunas of butterflies of
highlands and ultrahigh mountains ranges from 0.561
to 0.612 (Korb, 2016). Most likely, the higher similarity
of the Rhopalocera faunas of the highlands and ultra-
highlands of the North Tien Shan is explained by the
stronger influence of allochthonous processes on the
genesis of the fauna of this territory since it is locat-
ed at the beginning of the South Siberia-Central Asia
migration corridor. This can also explain the average
values of the similarity index of the faunas of diurnal
butterflies of the highlands and ultrahighlands of the
Southwestern Pamir: they are located approximately
in the middle of the migration corridor between the

mountain uplifts of Central Asia and the Himalayas.
It is obvious that the distant position of the ridges of
the Inner Tien Shan (Moldo-Too Range) from these
migration corridors makes the role of autochthonous
processes in their faunogenesis higher.

The significance of the Moldo-Too Range, as a
part of the Naryn arid refugium, consisted not only of
autochthonous morphogenesis of conserved ances-
tral forms (leading, for example, to the formation of
the endemic species of this mountain range, Kora-
mius davydovi), but also in the conservation of desert
and semi-desert species on its territory. In particular,
among diurnal butterflies, these include Hyponephele
naricina, Cupido prosecusa, and Glabroculus elvira.

The modern picture of the vertical distribution
of butterflies on the Moldo-Too Range (the highest
species richness of blues, nymphalids and satyrids in
the middle and low mountains; a gradual decrease in
the species richness of families in more high vertical
belts) is presumably associated with an increase in
the humidity of habitats with an increase in absolute
altitude.
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Corrigendum

Influence of environmental factors on the interannual variability
of macrozoobenthos of the floodplain lakes

Alexander A. Prokin, Dmitry G. Selezneyv, Alexander |. Tsvetkov

Ecosystem Transformation 2021, 4 (2), 3—15

An error was found in a formula.

In “Materials and Methods”, p. 5, the former formula:

Shall read now:
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[Ans yumuposaHus. CtenaHsH, J1.I., lykacaH, 3.X., 2021. O6oraweHne GMOreHHbIMU BeLecTBamMn M ero BrnusiHie Ha coobLecTBO
dwuTonnaHktoHa p. PasgaH Ha Tepputopun I. EpesaH, Pecnybnuka Apmenns. TpaHcgopmauyusi skocucmem 4 (3), 77-86. https://doi.
org/10.23859/estr-210329

BBeaeHue

Pekn, Ha Geperax KOTOpPbIX PacnonoXeHbl Mera-
nonucel, NOABEPrawTCA pasNUYHOro poJa puckam,
00yCnoBneHHbIM BCreaCcTBME YErNOBEYECKON [est-
TenbHOCTBID. B 4acTHoCTM, cOPOC MPOMBILLNEHHBLIX
N BbITOBLIX CTOYHbIX BOA HEPEOKO CIYXXUT MPUYUHOWN
OpraHU4eckon Harpysku Ha BogHble akocucteMbl (Ad-
eyemo et al., 2008). Takaa Harpyska npecrasnsieT
OrPOMHbIE PUCKM ANsi BCEX BOAHbLIX OPraHW3MoB U, B
YyacTHOCTU, AN coobLuecTB omuTonnaHkToHa. Pacnpo-
CTpaHeHue pasnuyHbIX BUOOB BOAOPOCHEn 3aBUCUT OT
B3aMMOOENCTBUA abNOTUYECKUX U BMOTUYECKMX IKO-
nornyeckmx pakTopoB. YXyALleHue YCNOBUI OKpYKa-
loLLIen cpeapbl U3-3a yBenuieHns NoCTynneHns opraHu-
YeCKMX BELLECTB NPUBOAMUT K O4EBUAHBLIM U3MEHEHUSAM

B coobLLecTBe (PMTONNAHKTOHA — 3aMeLLEHMIO AnaTo-
MOBbIX BOAOPOCIEN NpeacTaBUTENSAMN CUHE3ENEHbIX.
Mo 3aTON NpUYMHE LLUIMPOKO pacrnpoCTpaHEHO MCNofb-
30BaHMe UTOMMAHKTOHA B KayecTBe MHAMKaTopa
3KOMOrMYecKoro CoctosiHusA BogoemoB cywn (Reyn-
olds et al., 2002; Swaminathan, 2003).

Peka PasgaH — oguH M3 OCHOBHbIX MPUTOKOB
p. Apakc Ha TeppuTopun Pecnybnvkmn ApmeHus. OHa
BbITekaeT 13 03. CeBaH; Ha ee beperax pacnonarator-
cq Takue ropoga, kak CesaH, PasgaH, YapeHuasaH,
AGoBsiH n EpeBaH. [lnnHa pekn coctasnsieT 141 km.
OpaHako HeraTuBHOe BNusiHne r. EpeBaHa Ha akonoru-
Yeckoe COCTOsIHME AaHHOro BOAHOro obbekTa NpeBbl-
LLaeT COBOKYMHOE OoTpuLiaTeNbHOE BO3AENCTBUE BCEX
HaceneHHbIX NMYHKTOB, PAcnoONOXeHHbIX Bbille Mo Te-
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Tabn. 1. KpaTkasi xapaktepuctuka Todek otéopa npob.

CrenaHnsH, J1.I,, l'ykacaH, 3.X., 2021. TpaHcgopmauus skocucmem 4 (3), 77-86.

Homep ctaHuun Wwnpota HonroTta KpaTkoe onucaHue
1 N 40.280873° E 44.589203° C. letamepx, Bbllwe No Te4eHuto oT . EpeBaH
2 N 40.171° E 44.499669° r. EpeBaH, LueHTp ropoaa
Bhiwe no TeyeHuto EpeBaHckoro
3 N 40.159089° E 44.1389° BOAOXPaHUNLLIA, HUXKE MeCTa CNUSHUSA NPUTOKOB
Ibxpeex n 'eTap
4 N 40.148791° E 44.589203° r. EpeBaH, panoH BepuH Yapbax, Huxe

EpeBaHckoro BogoxpaHunuwa

Tabn. 2. 'mapodmanyeckme napametpbl 1 pH Boapbl B p. PasnaH Ha Tepputopun Epesanckoro panona. T — TemnepaTypa Boael,

V — CKOpPOCTb TeYeHus.

CrtaHuusa
MapameTp 1 2 3 4
BecHa Jleto BecHa Jleto BecHa Jleto BecHa Jleto
T, °C 13 16 14 21 15 20 15 25
V, m/c 0.3 0.6 0.7 0.5 0.2 04 1 0.6
pH 7.5 7.2 8.2 8.5 8.1 7.9 8.0 8.2

YyeHuto. Bogpl p. PazgaH vcnonb3ylotes ans opolue-
HWSI, SHEPreETUKWN, NPOMbILLNIEHHOCTU U APYrMX HYX4
(Chilingaryan et al., 2002, Stepanyan, 2009).
Llenamn nccnenoBaHust SBAAKOTCA OueHka obora-
LLEHMST OMOreHHbIMM BeELLEeCTBaMU U MPOCNEXMBaHWE
COOTBETCTBYIOLLMX M3MEHEHWIA B coobliectBe uUTO-
nnaHkToHa p. PasgaH Ha TeppuTtopumn ropoga EpesaH.

MaTepManbl n MeToAbl

WccnegoBaHna npoBoavnn B BeCEHHUN (Man)
N netHun (Monb) cedoHbl 2019 . Mpobbl BoAbl ANs
rMOPOXMMMYECKUX U TMOPOBNONOrMyecknx aHann3os
oTbmpanu Ha YeTbipex cTaHuumsax (Tabn. 1).

CoobLecTBo  uUTOMMaHKTOHA  MccregoBanu
cTaHZapTHeIMM MeTogamu (Abakymos, 1983). Ha ka-
XOOWN CcTaHUMKM oTOMpanu npobbl Boabl o6béMoM 1 1,
npoby HemepneHHo dumkcmpoBanu 40% pacTBopoM
dopmanbgernga (koHevyHas koHueHTtpaums 0.4%) u
XpaHunn B TEMHOM MeCTe [0 MNOMHOro ocaxaeHusi
cecToHa. JlabopaTopHble aHanu3abl BbIMOMAHAMM MO
B.A. AbakymoBy (1983).

KonnyecTBEHHLIN N Ka4ECTBEHHbIN aHann3 uTo-
NnaHKToOHa NPOBOAUIM NOA4 MUKPOCKOMNOM B Kamepe
HaxoTtta obbemom 0.01 mn. Buomaccy dmrtonnaH-
KTOHa paccynTbiBanu ctTepeoMeTpuieckuMm MeToaoM,
BbIYMCNAS OObEM KITETOK.

Buabl NNaHKTOHHBLIX BOAOpPOCHEN uaeHTudpunum-
poBanu ¢ NOMOLLIbIO TAKCOHOMUYECKUX onpeaenure-
newn n pykoBOACTB MO MPEeCHOBOAHLIM 3KOCUCTEMAaM

(MpowkunHa-JlaBpeHko n MakapoBa, 1968; LlapeHko,
1990; Hambaryan and Shahazizyan, 2014; Streble
and Krauter, 2001).

TemnepaTypy BoAbl 1 CKOPOCTb TEYEHUSI N3Meps-
M Ha mecTe oTbopa npob. M'apoxmmuyeckne napa-
MeTpbl, Takue kak PK (pacTBopeHHbIn kucropoa) u pH,
onpefensanicb napanmnensHo € rMapoUsnyeckumMm
napamMmeTrpamMu ¢ NOMOLLIbIO BogoHenpoHuuaemoro pH-
metpa Milwaukee (PH 56 PRQO) n natymka pactBopeH-
Horo kucropoaa Milwaukee (MW 600). KoHueHTpauun
nuTaTenbHbIX BELLECTB M3Mepsanu B nabopaTtopumn
no metogmkam ISO ¢ nomoLbto cnekTpodoTomeTpa.
KoHUeHTpaumMio aMMOHUAHOIO asoTa onpefensany B
cooteeTcTBUKN C ISO 5664:2006, HUTPUTHOrO asoTa —
ISO 6777:1984, HutpaTtHoro asota — ISO 6777:1984,
docdaTHoro coccopa — ISO 6878.

Pe3ynbtaTthbl U chymneHMe

Ab6uoTnyeckmne napamMeTpbl

Mmopodusnyeckne napameTpbl nNpeacTaBneHbl
B Tabn. 2. Temnepartypa Bogbl coctaensna or 13
0o 25 °C, ckopocTtb TedeHuns — ot 0.2 go 1.0 m/c.

CornacHo A.M. HukaHoposy (2001), onTu-
ManbHbIA AuanasoH pH Ang ycTondmBoro passuTus
BOOHOW chriopbl U dhayHbl konebnercst ot 6.5 oo 8.5.
Taknm obpasom, onTumanbHele ycnosust pH 3aperu-
CTPUPOBaHbLI Ha BCEX CTaHLMSAX UCCNeayemMoin 4acTu
p. PasgaH (Tabn. 2).
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Puc. 1. KoHueHTpauuss pacTBOPEHHOrO KMCopoaa B Mectax otbopa npob. 3Ha4eHMs 3KONMOrM4ecknx HOpM 34echb U Janee ykasaHbl B

COOTBETCTBUU C Focy,qapCTBeHHblmm cTaHgapTamu ApMeHuu.

Puc. 2. KoHueHTpauns HATpaToB B MecTax oTbopa npo6.

B uenom koHueHTpauus PK netom Obina Huxe,
yem BecHol. bonee Toro, PK ©Obin 3Ha4MTENBLHO
Oonblue Bblle MO TeyeHuto oT I EpeBaH, yem Ha
apyrux crtaHumsax. Camasa Hu3kas KoHueHTpauusa PK
(2.9 MrO,/n) oTMeyeHa Ha CT. 3 SIETOM, YaCcTM4HO 13-3a
cbpoca ropoacKkmMx CTOYHbIX BOA, NPUHOCUMbIX Ha 3TOT
y4yacTok pekon 'etap, nputokom p. PasgaH (Puc. 1).

Kak n B 2003-2006 rr. (Stepanyan, 2009), B
2019 r. B p. PaspgaH Gbino 3aperMcTpMpoBaHO 3Ha-
ynTenbHoe oboralleHne OMOreHHbIMU BeLLeCTBaMMU.

Ha cT. 1 n 3 Habntoganock BLICOKOE cogepXaHue Hu-
TpaT-UoOHOB, KOTOPOE, OAHAKO, He NpeBbIWano ycra-
HOBMEHHbIX 3Kkonoruyecknx Hopm' (Puc. 2).
KoHLeHTpaLmnsa MOHOB HUTpUTA U aMMOHUSA B peud-
HbIX Bogax 0bbI4HO korebanack OT COTbIX A0 AeCATbIX
porne munnurpamma Ha nutp (Puc. 3, 4). B Hawem

' Government Decision No. 75-N “On defining the standards for
water quality of each water basin management area depending
on local characteristics”. Web page. URL: https://www.e-gov.am/u_
files/file/decrees/kar/2011/02/11_0075.pdf (accessed: 27.01.2021)
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Puc. 3. KoHueHTpauus HATpUTOB B MecTax oTbopa npob.

Puc. 4. KoHueHTpauns aMmmMoHusi B Mectax otbopa npob.

nuccnenoBaHMM cofepXXaHue HATPUTHOIO as3oTa Bapbu-
posano ot 0.01 go 0.32 mrN/n. Jletom cofepxaHune Hu-
TpUTa 3HAYNTENBHO YBENUYMBANOCh Ha CTaHLMSAX, pac-
MOnoXeHHbIX B YepTe ropoaa EpesaH (ctaHuum 2, 3, 4).

KoHueHTpaumss aMMoOHMSA Ha cTaHumsx 3 u 4 B
oba ce3oHa Takke npeBbillana 3KoMormMYecky Hop-
My (Puc. 4). Beicokoe cogepxaHue HUTPUTOB U aM-
MOHUS COOTBETCTBYET 3BTPOpHOMY cTaTtycy Bog (Hu-
kaHopos, 2001).

KoHueHTpauuu cocgatoB netom Obinmn UCKMto-
YUTENBbHO BbICOKMMM MOYTM Ha BCEX yyacTkax oTbo-

pa npob, kpome cT. 4 (Puc. 5). MogobHble sBNeHUS,
Habntogaemble HXe EpeBaHCKOro BogoxpaHmnuLla,
MOryT OblTb OObSACHEHbLI LBETEHMEM BOOOPOCHEN B
HeMm. Nockonbky Bogopocnu notpebnstoT docdarhl,
LBETEHNE MOXXET MUHUMU3NPOBATb UX coaep)KaHne B
BbITEKAIOLLIEN N3 BOAOXPaHUNMLLA BOAE.

CoobLecTBo PUTONIAHKTOHA
WccneposaHusa putonnaHKToHa, NpoBeaeHHbIe B

2004-2006 rr. B p. PazgaH Ha TeppuTtopun EpesaHa

N oKkpecTHocTel, Bbiseunu 108 BMAOB, NpuHaanexa-
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Ta6n. 3. Cnucok BMOOB (hpUTONNAHKTOHA B MecTax oT6opa npob. «+» — BUA NPUCYTCTBYET; «—» — BUA OTCYTCTBYET. XOpOnornyeckme
Tunbl (Feo): K — kocmononuT; 6 — 6opeanbHbIN, a-a — apKTUYecko-anbnuickuin. ManogunbHaa xapaktepuctuka (Fan): Mr — mesorano®;
1 — onuroranobHo-MHANMGEPEHTHBIM BUA; MM — Onurorano-ranounbHeli; r6 — onurorano-ranogobHbIi. Tunbl MectoobutaHuin (MO):
B — 6eHTOoCHbIN BUA; I — nnaHkToHHbIA BUA; M-B — nnaHkToHHO-6eHTOCHbIN BUA. CanpobHas xapaktepuctuka (C): o — onurocanpob;
0-f — onuro-6eta-me3ocanpob; 3 — 6eta-me3ocanpob; -0 — beTa-onuromesocanpob; B-a — beta-anbga-mesocanpob; a-f — anbga-bera-
Me3ocanpob; x — kceHocanpob; X-0 — KCeHo-onmrocanpob; X-f — kceHo-6eTa-me3ocanpob; 0-x — onuro-kceHocanpob, o-a — onuro-anbga-
Mesocanpob; n — nonucanpob; «—» — HeT AaHHbIX (BapuHosa 1 ap., 2006).

1 2 3 4
(secHa/  (BecHa/  (BecHa/ (BecHa/ Teo Tan MO C
neto) nero) neto) nero)
Cyanophyta
Anabaena sphaerica I _/ —/= _ -
Bornet & Flahault / ! / f+ K " n o-p
Aphanothece clathrata _
West & G.S. West N + N e k om0 B
Microcystis aeruginosa Kutzing +/+ -+ +/+ +/+ K m M o-a
M. wessenbergii _
Komarek in Joosen H M N H K M o-a
Oscillatoria chlorina e e _ _ )
Kitzing ex Gomont / / f+ H K Lo P
Oscillatoria limnetica i /- - - - - -
Lemmermann / / I+ I+ K Nn-6  o-f
Bacillariophyta
Achnanthes taeniata Grunow -+ -/- +/+ +/- - m b -
Amphora ovalis _ e _ _ :
(Kiitzing) Kiitzing I+ / +/ [+ kK u B of
Ceratoneis arcus I /- _ - - .
(Ehrenberg) Kitzing / ! + / a-a " = o-X
Cocconeis placentula _ _ ) :
Ehrenberg +/+ [+ [+ +/+ K " N6 o-p
C. pediculus Ehrenberg =+ -/- -/- -/+ K " b o-a
Cyclotella comta Kutzing +/- -/- -/- -/- K " M -0
C. stelligera _ _/ /= /= -

(Cleve & Grunow) Van Heurck + / / / K u N6 X
Cymatopleura solea — _j— _ /= -
(Brébisson) W. Smith / / * / K h N-b 0

Cymbella prostrata i _j— ) - .
(Berkeley) Cleve ! / ! + K " b o-p
C. ventricosa C. Agardh +/+ -/- -/- -/+ K n b o-a
Diatoma hiemale var. hiemale _
(Roth) Heib i+ +/ ++ +/+ Kk 6 M6 Bo
D. vulgaris Bory +/- -/- -/- -/- K n M-b B
Fragilaria capucina _
Desmazieres HE f+ HE H K v b °
F. construens +/+ -/- -/- —/+ K n nI-b o

(Ehrenberg) Grunow
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1 2 3 4
(secHa/  (BecHa/  (BecHa/  (BecHal fan MO C
neto) nero) neto) nero)
F. crotonensis Kitton +/- +/- ++ +/+ m M a-B
Gomphonema constrictum _ e _ e
Ehrenberg in Kitzing + ! I+ / " B 0
Gomphonema olivaceum _ e _ e )
(Hornemann) Brébisson H / H / " B B-a
Melosira varians C. Agardh +/+ ++ +/- ++ m T-b of
Navicula cryptocephala Kutz. +/- -/- +/+ +/+ " b X-0
N. menisculus Schumann =/- +/- =/- -/- " b X-
N. pupula Kiitzing +/- -/- -/- -/- m b X-0
N. pygmaea Kiitzing -/- =/- —/+ -/- Mmr - B-o
N. radiosa Kutzing -/- -/- +/- -/- " b o]
N. rhyncocephala Kutz -/- =/- +/- -/- m b B
Nitszchia amphibia Grunow -/- -/+ -/- -/- " M-b o]
N. dissipata I _ _ /=
(Kutzing) Rabenhorst / / H / " B X
N. linearis W. Smith -/- =/- -/- +/- " b X
Pinnularia virdis Ehrb. +/+ +/+ +/+ -/+ m TI-b ox
P. leptosoma (Grunow) Cleve +/+ =/- +/- =/- " b o}
Rhoicophenia curvata _ _ _ } :
(Kutzing) Grunow + H I+ [+ m Tb  xo
Stephanodiscus astraea _ _
(Kitzing) Grunow + +H I+ H " mn B
S. hantzschii I i _ -/ -
Grunow in Cleve & Grunow / / H / " n a-B
Surirella biseriataBrébisson _ __ /= -/ - .
in Brébisson & Godey + / / / " o-B
S. ovata Kitzing +/- =/- -+ -/- n b o-a
Surirella sp. -/- +/- -/- -/- - - -
S. tenera var. tenera Greg. =/- -/- -/+ -/- n T-b o}
Chlorophyta
Ankistrodesmus falcutus e e e _ }
(Corda) Ralfs / / / + 6 N6 B
Binuclearia lauterbornii
(Schmidle) Proschkina- -/- -/+ -/- -/- - - -
Lavrenko
Characium nasutum +—- -/ - - _ _ _

Rabenhorst
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1 2 3 4
(secHa/  (BecHa/  (BecHa/ (BecHa/ Teo Tan MO C
neto) nero) neto) nero)
Chroococcus sp. -/~ +/- =/- -/- - - - -
Dictyospﬁagri\t;vn; c,())é/lchellum —- —/- —/- —/+ K " M 8
Pandorina morum (Mull) Bory -/- -+ -/- -/- K " M B
Scenedesmus armatus var. —/- /- -/- —/+ K - M6 o
armatus (Chod) G.M. Smith
Scenedesmus opolensis i i i _ _
var. opolensis P. Richt. / / / * K n-b B
Selenastrum gracile Reinsch -/- -/+ -/- -/- K - T-b o-a
Trebouxia humicola G.S. West e - —)- +/- _ _ _ _
& F.E. Fritsch
Euglenophyta
Trachelamonas volvocina _ e e
(Ehrenberg) Ehrenberg + / / H K " b B
Dinophyta
Peridinium willei Huitfeldt-Kaas -/- =/- -/- —/+ - m M o-B
Xanthophyta
Tribonema monochloron —/- —- -- —+ _ _ _ _

Pascher & Geitler in Pascher

LWKMX K Wwectn rpynnam dutonnaHkTtoHa (Stepanyan,
2009). B xoge paHHoro uccnegoBaHusi bbino 3aperu-
CTPUpPOBaHO 55 BUOOB, OTHOCALUMXCS K LUECTM rpymn-
nam (Tabn. 3). Kak npaBuno, npeobnaganu gnatomo-
Bble Bogopocnn, Ho Cyanophyta xapaktepu3soBanuch
OonbLUen YUNCNEHHOCTLIO, YeM 0bbI4HO. XoTs B 2019 .
Obinn obHapyxeHbl HekoTopble Buabl Dinophyta u
Euglenophyta (HoBble rpynnsl Bogopocnen ans p. Pas-
AaH), obLLee BMOoOBOe pa3Hoobpasve hUToNNaHKToHa
YMEHbLLMIOCH MO CPaBHEHWIO C NPEeAbIAYLLIMMN UCcCne-
posaHuamu (Badalyan et al., 2005; Stepanyan et al.,
2005; Stepanyan, 2009).

Coobuectea mukpoBogopocnen p. PasgaH npen-
CTaBneHbl OEHTOCHbIMW, MIAHKTOHHBIMWU W MnaH-
KTOHHO-GEHTOCHBIMM  BOAOpOCHsIMU (B OCHOBHOM
GeHToCcHbIMU bopmamu) (Tabn. 3). WHaukatopamm
OpraHM4ecKoro 3arpsisHeHus Brisitotess 45 Buaos dn-
TONMaHKToHa (B OCHOBHOM [3-Me30canpoGHbIMK BUAbI).
BblgeneHb! YeTbipe 3Kkonornyeckue rpynesl no oTHoLe-
HMIO K CONIEHOCTU, Cpeam KOTopbix NpeobnaaatoT npea-
CTaBuTENU onuroranobHo-mHAMMgepeHTHOW rpynnbi.
BonbLIMHCTBO 06HaPYKEHHBIX BUOOB — KOCMOMOMUTbI.

BecHoli gnatomoBble Bogopocnun npeobnaganu
Ha cT. 1. OHuM cocTaBnsnu 96% coobuwecTtea uTo-
nnaHktoHa. Melosira varians [oMuUHUpoBana Kak no
yncneHHoctn (45%), Tak n no 6uomacce (53%).

CHmXeHne KonUYeCTBEHHbIX Mokasatenen u-
TONNaHKTOHa Habnogany Hke No Te4eHuto oT CT. 1,
npu 9TOM Mpoucxoauna CMeHa OOMUHUPYIOLLNX
rpynn Bogopocnei. LinaHoGaktepun npeobnaganu
Ha cTaHumax 3 n 4: Hambonee MHOrOYMCNEHHBIMW BU-
namu 6binn Microcystis aeruginosa n Aphanothece
clathrata, cooTBeTCTBEHHO. Kpome TOro, BeCHOM Ha
uccriegyemblx ydactkax Obiny obHapyXeHbl npeg-
crasutenu Chlorophyta n Euglenophyta.

Kak konuyecTBeHHble, Tak U Ka4yeCTBEHHble Mo-
KasaTenn MMKpPOBOOOPOCHEN NETOM yBenuuMBanucb
no cpaBHeHuto ¢ BecHou (Puc. 6, 7). OgHako guato-
MOBbl€ BOAOPOCNN MO-NPEXHEMY JOMUHUPOBAnM Ha
cT. 1 n 2 v 6bInKn NpeacTaeneHbl B ocCHOBHOM Melosira
varians n Rhoicosphenia curvata, COOTBETCTBEHHO.

CyuecTBeHHbIN pocT yncneHHoctn Cyanophyta,
CBSI3aHHbIN C YBENUYEHWEM KOHLUEHTpauuu Ouore-
HOB, OTMeYeH Ha cTaHumsax 3 n 4. Habntoganocs uge-
TeHue Bugos Oscillatoria (O. limnetica n O. chlorina):
OHW cocTaensnu 77% ot obwen yncneHHoctn n 59%
OT obLLel Buomacchl BOOOPOCHen Ha CT. 3, Ha CT. 4 —
75% 1 59%, COOTBETCTBEHHO.

Buabl popa Oscillatoria pocTuUraloT 3Ha4YnMTEeNsHOro
06Vnusi B CTECTBEHHO 3BTPOHBIX U 3arpsi3HEHHBIX BO-
[oTokax u o3epax (babaHasaposa v ap., 2013; Prowse,
1969). O6bIYHO OHM ABNSAOTCA OEHTOCHBIMU OpraHn3-
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Puc. 5. KoHueHTpauust dpocchaToB B mecTax oTbopa npob.
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Puc. 6. Ce3oHHas AMHaMuKa YMCNEHHOCTU (OUTOMNMaHKTOHa B MecTax oTbopa npob.
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Puc. 7. Ce3oHHas agnHamuka 6ruomacchl UTONMaHKToOHa B Mectax otbopa npob.
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MamMu, HO MOTYT aKTMBHO Pa3BMBATLCA W B MITAHKTOH-
HbIX cooblyectBax. Oba oTMeYeHHbIX B p. PasaaH Buaa
3TOr0 pofa SBNATCS MHAMKATOpPaMn OpraHWYecKoro
3arpsasHeHus (Tabn. 2) (BapuHosa, 2006).

CnocobHocTb Cyanophyta npogyLmpoBaTb TOKCU-
Hbl NpUBIeKaeT 6onbLUOe BHMMaHWE, 0COBEHHO Koraa
3T BMObI AOMUHMPYIOT B 3BTPOPHbIX BO4AX U BbI3biBa-
0T 03abo4YeHHOCTL Mo noBody Kadectea Boapbl (Codd,
2000). Buapl Oscillatoria siBnsatotca Hanbonee YacTon
MPUYMHOM TOKCUYHOIO LBETEHMSI B MPECHOW BoOAe.
OHM nNpomn3BoaAT renatoTokcMH MukpoumctuH (Chia
et al., 2018). CoobLaeTcsi, YTO MUKPOLIMCTUH BbI3bl-
BaeT rmbenb OMKMX U CENbCKOXO3SINCTBEHHbIX XUBOT-
HbIx (Carmichael, 1988); oH Takke npusHaH NOTEHLM-
anbHoOW yrpo3oi ANs 300pOoBbs YernoBeka B CTpaHax,
roe BOAHblE pPecypchbl 3arpsA3HeHbl LMaHobakTepusi-
Mu (Banerjee, 2020; Gkelis and Zaoutsos, 2014; Yu,
1989). Takum ob6pasom, LBeTeHune Buagos Oscillatoria
MOXXET HAHECTU Cepbe3HbIli yLlepb 3KOHOMUKKE Cenb-
CKOro XO3ANCTBa U peKpeaulMOHHbIM BO3MOXHOCTAM
parioHa, MOCKOMNbKY 3TWU OTPaciu 3KOHOMMWKM ABMSIHOT-
CS1 OCHOBHbIMMK NOTpebuTenamn Bogb!.

Bbicokoe obunuve asotdukcupytowen Anabaena
sphaerica (148000 kn/n) oTMeyeHo Ha cT. 4. Hawm
HabntogeHus, npoBedeHHble Ha EpeBaHckom BoO-
poxpanunuuwe netom 2019 r., cBMAOETENBLCTBYHOT O
pomuHupoBaHun Oscillatoria chlorina w Anabaena
Sphaerica. OT0 AoKa3biBaeT BNUAHWE BOAOXPAHUMN-
Wwa Ha p. PasgaH (Annual Report..., 2019).

3akno4yeHue

HeobxoaMMo OTMETUTb, YTO BbICOKOE copepa-
Hue docdatoB 1 asota NPUBOOUT K YBEMUYEHUIO
CKOPOCTM pocCTa BOAOPOCIEN M B KOHEYHOM uTOre
CHMXXaET KOHLEHTpauuio pacTBOPEHHOIO Kucropoaa
B Boge. Ob6oraweHne 6ruoreHamun Ha cTaHumax 3 n 4
3HAYUTENBHO BbILIE, YEM Ha y4acTKax, pPacronoXeH-
HbIX Bbllle no TedeHuto. Lietenne Oscillatoria 3ape-
rMMCTPUPOBAHO Ha cTaHuusx 3 u 4 netom. BnusHue
EpeBaHckoro BogoxpaHunuiia Ha (oUTonIaHKTOHHOE
COOO6LLECTBO 3TUX CTaHUUM o4eBMaHO. o aTon npu-
4ynHe Heobxogumo bonee adhhekTUBHOE yNpaBneHne
BOOHLIMW pecypcaMu U CTPOruiA KOHTpOrb 3a buore-
Hamu, nocTynawowumm B p. PasgaH us r. EpesaH.
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Nutrient enrichment and its effect on the
phytoplankton community of Hrazdan River
in the Yerevan District, Republic of Armenia
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Abstract. The phytoplankton community and nutrient enrichment of Hrazdan River have been studied in the
Yerevan District, Republic of Armenia. Water was sampled in spring and summer of 2019. The content of
phosphate, ammonium, and nitrite ions were significantly higher downstream of the Yerevan District compared
to the stations located upstream. The latter were characterized by higher abundance of diatoms (Melosira vari-
ans and Rhoicosphenia curvata), while Oscillatoria limnetica, O. chlorina, and Anabaena sphaerica dominated
downstream, reflecting different eutrophic state of the river parts.

Key words: Hrazdan River, phytoplankton community, nutrient enrichment.
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AHHomauusi. OnucaHbl 0COOEHHOCTU TPOGUYECKON CTPYKTYpbl U
KOIMMYECTBEHHbIX XapakKTEPUCTMK 300MITaHKTOHa YETbIPEX Y4aCTKOB
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BBepeHue

MpubpexHas (nMMTopanbHasl) 30Ha — BaXKHENLLWN
OuoTon BOOOEMOB, OKa3bIBAKOLMI CYLLECTBEHHOE
BO3JeNCcTBME Ha (hopMuMpoBaHME UX MMOPOXUMUYE-
ckoro u 6uonoruyeckoro pexumoB. OHa xapakTepu-
3yeTcH BblpaXEeHHON U3MEHYMBOCTbIO KauyeCTBEHHbIX
N KONMMYECTBEHHBLIX XapaKTEPUCTMK COODLLECTB Iu-
OpOOMOHTOB, NMOCKONbKY 34eck Hanbornee ApKo npo-
SABNAETCH BNUSHME YPOBEHHOTO peXuMa, NpOUCXOauT
B3aMMOOEeNCcTBMEe BO3QYLUHbIX Macc, Cyluu, BOAbl U

[Ha Mexay coboil, cka3blBaeTcsl BNUSIHAE BOITHOBOIO
1 BETPOBOIO NEpPEMELLNBAHNS, OTMEYaKTCst 3apocnu
makpoduToB. MNpubpexbe oTnMyaeTcst OT rry6oko-
BOJHbIX YacTel Bogoema bornee paHHUM MPOrpeBoMm
BECHOW, BbICOKUMU abCOMTHBIMKM TeMrepaTypamu
BOAbI 1ETOM, paHHUM OXMaXAEHUEM OCEHbIO, MPOo-
Mep3aHueM T[pPYHTOB B 3uMHee BpeMsi (ByTopwH,
1984), a Takke bonbLueln obecrneyeHHOCTbI0 BroreH-
HbIMM BeLLEeCTBaMW, MOCTYNawoLLMMu ¢ BOAOCGopHON
nnowaan (KopHesa, 1983; JlaBpeHTbeBa, 1977). B
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NUTOParnbHON 30HE BO3HUKAOT 0CObLIe yCrnoBUs Ans
dopMUPOBaHUA U AanbHENLLErNO PasBUTUS BbICLLEN
BOLHOW pacCTUTENbHOCTK, BbICTyNarwLlen 3aecb oc-
HOBHbLIM KOMMOHEHTOM OMOLEHO30B U BbIMOMHSAOLLEN
PS4 BaXHbIX OYHKUMIA (FMaBHbIA NPOAYLIEHT NepBuny-
HOr0 OpPraHMYecKoro BeLLEeCTBa, yoexuile u oObekT
NUTaHWsA ONS pasHbIX FPYNM XXMBOTHLIX, cyOcTpaT ans
HepecTa UTOMUIBbHBLIX Pblb, ecTecTBeHHbI 6Guo-
unsTp Mexay Bogocbpocom 1 BogoemoM u ap.) (Xa-
nuynnuHa n Akosenes, 2015). B cBA3un ¢ Tem, 4YTO Men-
KOBOAbS B psife KPYMHbIX BOAOXPaHUNULL, 3aHUMaOT
OBLUMpHbIE MIOLWAaAMW, UrPatoT 3HAYNUTENBHYIO POrb B
hopMMpoBaHMM NX OMONOrMYECKOro pexuma 1 B nep-
BYIO ovepeb pearnpyloT Ha U3MeHsILWmnecs akTo-
pbl cpenbl, NX N3y4eHne OCTaeTCs akTyanbHbIM.

Mnowanes 3apacTalolimx MenKoBOAHbIX Yy4yacT-
koB KyMObILWEBCKOro BOOOXPaHWMMULLA COCTaBNsAET
8.5 Tbic. ra (ConoBbeBa, 2008). Hanbonee kpynHblie
MaccuBbl 3apocnen cocpenoTodeHbl B CBUSHKCKOM,
MewmHckoM 1 YepemiuaHckom 3anmeax (Ffonybesa n
ap., 1990a, b). Kntouesoi ans BocnponsBoAcTBa U Ha-
ryna monogu pbl6 MewwmnHCKUA 3annB pacnonoXeH B
ceBepHon YacTn Bormkcko-Kamckoro nneca Bogoxpa-
HUMNWLLA B MECTE CNNSIHUA ABYX KPYMHbIX pek — Bonrm
n Kambl (N 55°21°14” E 49°23’'59”). OH npeacrtasnset
cobowi 3aTonneHHoe BoAHOEe paclumperve p. Melum
N ee MNOMMEHHbIX MPUYCTLEBLIX YYaCTKOB, XapakTte-
pusyeTca crnabo m3pesaHHoW OeperoBont NUMHWEN ©
UCMbITbIBAET MHTEHCMBHOE BOITHOBOE BO3OENCTBME.
B 3anvBe umeeTcss Oonblioe KONMMYECTBO MENKOBO-
OVA N OCTPOBOB, CRyXalMxX He TOmbKo M3ntobneH-
HbIM MEeCTOM HepecTa (hUToUnbHBLIX BUAOB Pbib, HO
U MecToMm Haryna ux monogu (MBosgapesa, 2018). B
NPUOPEXHON YacTW 3TOr0 y4yacTka BOAOXpaHUnuia
HepecTuTca B cpeaHeM okono 40% Bcero pbIGHOro Ha-
ceneHus sogoema. o pesynsratam MccnegoBaHUN,
npoBeaeHHbIx B 2012-2017 rr., BUOOBOW COCTaB Nu-
YMHOK pbIG NpeacTaBneH MaccoBbiMU Bugamm uTo-
¢unoB, MHOMMe U3 KOTOPbIX SBMSHOTCS U OCHOBHbIMMU
obbekTamu npombicna (CesepoB u ap., 2018).

M3BecTHO, YTO 300MMNaHKTOH — OAMH U3 BaXHen-
LUMX 3MEMEHTOB KOpMoBoOW 6a3bl monoau pblo (My-
Tenbmaxep, 1986; Kucenes, 1969; Kpbinos, 2006;
Monos n MyxopToBa, 2016). MHoOro4YMcrneHHble uc-
cnefoBaHUA OUTO- U 300MSIAHKTOHA yKasbiBalOT Ha
TO, YTO UX 0BunNue n pasHoodpasne Bbille B 3aLU-
LLIEHHbIX OT BETPOBOrO BOSIHEHUSA GuoTonax npubpe-
Xbsl, 4TO Hanbornee 3aMeTHO NPOSIBNSIETCS B 3apOC-
nsax MakpogutoB (3apybuHa n Epmonaera, 2014;
3umbanesckas, 1981; Mopayxan-bontosckon, 1974,
1976). Cpean pacteHui cosgatotcs ocobble CBETO-
Bble, TemMnepaTtypHble, rmapoxumMmyeckme, ruapoau-
Hamu4yeckme n Tpocumyeckne ycrnosusa (CemeHYeHKo
n ap., 2013), a pacTutenbHOCTb, B CBOK o4vepenb,
CNYXMWUT OOMOMHUTEMNBHLIM  UCTOYHUKOM  OpPraHuKu
(Mopayxan-bontosckon, 1976).

HabntogeHus 3a pa3suTrem 300nnaHkToHa B Kyn-
ObILLEBCKOM BOAOXPaHMIULLE BEAYTCA C MOMEHTA €ro

3anonHeHnsi. MHoro paboT NOCBALLEHO KOMMEKCHOMY
nccnenoBaHuio OPMUPOBAHUS U AMHAMUKM 300MNNaH-
KTOHHbIX COOOLLECTB B YCIOBUSAX 3aperyriMpoBaHHOro
cToka p. Bonru (Jlazapesa n ap., 2018; KyiibbiueBckoe
BogoxpaHunuwie, 1983; PomaHoBa, 2010; YepHbl-
wesa n Cokornosa, 1960, 1964 u ap.). B Heckonbkmx
nybnukaumnsax paccMoTpeHbl Tpodmyeckas CTpyKTypa
N NPOCTPaHCTBEHHOE pacrpeaeneHne 300MaHKToHa
Ha MenkoBOAHbIX y4acTkax Bomkcko-Kamckoro nneca
B panioHe CapanunHckoro yyactka Bomkcko-Kamckoro
rocyaapCcTBeHHOro npupogHoro 6GuocdepHoro 3ano-
BegHuka (bopucosuy, 2005; Bopucosuy n Akoenes,
2011). Ana aksatopum MeLlUMHCKOro 3anvea BbIMOf-
HANUcb paboTbl, B paMKax KOTOPbIX paccmarpusarn-
CS BWOOBOMW COCTaB W NokKasaTeny Kornm4eCTBEHHOro
pa3BuTus 30onnaHkToHa (MBo3gapesa, 2014). OgHako
nccnenoBaHns TPOUYECKOW CTPYKTYPbI 300MITaHKTO-
Ha Ha MENKOBOAHbLIX y4YacTKax, pasnuyarLmnxcs cre-
MeHbIO 3apacTaemMoCcT MakpouTaMun 1 3aLUmLLEHHO-
CTblO OT BETPOBOIO Y BOITHOBOrO BO3AENCTBUS, paHee
He NPOBOAUNUCE; B CBA3M C 3TUM JaHHas Tema npea-
CTaBMSETCS aKTyarnbHON.

Llenb paboTbl — onncaTb TpPOUYECKYIO CTPYKTYPY
N KONMYeCTBEHHbIE XapaKTePUCTUKN 300MNS1aHKTOHa B
pasHble Ce30Hbl BEreTaumoHHOro nepmoga Ha pasHo-
TUMHBIX y4YacTkax NUTopanbHOW 30HbI MeLunHCcKoro
3anuBa Bomxkcko-Kamckoro nneca KyinbbiweBckoro
BOOOXPaHUNULLA.

MaTepManbl n MetToabl

Matepuan cobupanu Ha 6 ctaHumsx B 2017 . B
nione (B nepuon MakCUMarnbHOro pasBUTUSA BbiCLLEN
BOAHOWN pacTMTENbHOCTU) U B OKTAOpe (B Hayane ak-
TUBHbIX MPOLIECCOB OTMUPAHUS N Pa3NoXeHUs pacTte-
HUR). MidydaeMble yqacTkv pasgenuny Ha 4 kateropum
MO YPOBHIO 3aLLMLLEHHOCTM OT BETPOBOIO U BOMTHOBOIO
BO3AEWCTBUSA, a TakkKe Mo CTeneHn 3apactaHus ma-
Kpodutamu: | — OTKpbITLIE Y4aCTKU, NULLEHHbIE pacTu-
TenbHOCTM (CTaHumu 2 1 5); Il — 3allmLLEHHBIN Y4aCTOK,
3apOCLLNIA NPEUMYLLECTBEHHO OAHVM BMOOM BO3AyLU-
HO-BOAHBIX pacTeHu (cT. 1); Il — 3auLLeHHbIRn yya-
CTOK, 3apOCLUMI NPENMYLLECTBEHHO OAHUM BUAOM MO-
rPY>XE€HHbIX pacTeHWi ¢ NnasaloLWUMy Ha NOBEPXHOCTH
BOodbl NUCTbAMU (CT. 4); IV — 3awyLeHHble y4acTku,
3apocLUne BO3AYLIHO-BOAHBLIMU 1 NMOTPYXEHHbLIMU BbIC-
UMMM pacTeHusimu (cTaHumm 3 n 6) (Tabn. 1).

WHTerpanbHble npobbl 300nnaHkToHa cobupa-
nn OT rpaHnLbl PacTUTENbHOCTN C OTKPLITON BOAOW
Brny6b 3apocnen yepes kaxaple 0.5-0.8 m, cymmap-
HO npouexuBas 4Yepes MMaHKTOHHYI0 CceTb (pasmep
ayen 96 mkm) 50 n Boabl. dukcauuo U Kameparb-
Hyto 06paboTky npob npoBOAUNN OOLLENPUHATLIMU
mMeTtogamn (MeTtoamnyeckue pekomeHgauuu..., 1982).
300MMaHKTOH oLueHMBanu no BWAOBOMY GoraTcTay,
WHAEeKCy BUAOBOro pasHoobpasus LLleHHoHa, ynucneH-
HocTu, Buomacce, COOTHOLLEHMIO TaKCOHOMMUYECKMX
N TPOMYECKNX TPYNMn MAaHKTOHHbIX 6ecno3BOHOY-
HbIX. MIHAeKc BMaoBoro pasHoobpasaus LLleHHoHa pac-
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Ta6n. 1. XapaktepucTuka ncecnenyemblix y4acTtkos NUTOpanbHON 30HLI MeLLuMHCKOro 3anvea KyVIﬁbILLleBCKOFO BOAOXpaHunuilia.

Tun  CraHuma Bwugbl makpodumToB
2 JlnweH 3apocnen
I
5 JInweH 3apocnen
I 1 TpOCTHUK toXHbIV — Phragmites australis (Cav.) Trin. ex Steud
M 4 Poect bnecrawwmmn — Potamogeton lucens L., orpaHnYeHHbIN NeCHaHON KOCOW, MOPOCLUEN
pOro3oM y3konucTHbeIM — Typha angustifolia L.
TPOCTHUK HOXKHBIN, POro3 Y3KONMUCTHbINA, CyCcak 30HTUYHbIN — Butomus umbellatus L.,
nysblpyaTtka OOblkHOBeHHass — Utricularia vulgaris L., ppect 6nectawumn, paect
3 rpebenyatein — Potamogeton pectinatus L., pgoect Hutyatbin — Potamogeton
gramineus L., poect NpoH3eHHONUCTHBIN — Potamogeton perfoliatus L., pOronncTHUK
Y, NMOrpyXeHHbIn (TeMHo-3eneHbin) — Ceratophyllum demersum L., knagodopa —
Cladophora sp.
MaHHuK ruranTckmn — Glyceria maxima (Hartm.) Holmb., cycak 30HTUYHbIA, CUTHSAT
6 ©onotHbIi — Eleocharis palustris (L.) R. Br., paect bnectawun, paect rpebeHyatsin,

PAECT NPOH3EHHOMNNCTHLIN, POro3 Y3KOSIUCTHbLIN

CUMTBIBANM No YUCINEHHOCTM Be3 yyeTa HaynnnycoB K
konenogutos Copepoda (LUnTtunkos n gp., 2003). Tpo-
dmyeckne rpynnbl BOAHbIX 6E€CMO3BOHOYHBIX Bbie-
nanu no cnocobam nepeaBuKeHUs U 3axBaTa MULLK
(Kpbinos, 2005; Yynkos, 1981a, b, 2018).

Pe3ynbTaTtbl ccnegoBaHUM

BupoBon coctaB 3o0onnaHktoHa MelumHcko-
ro sanvea KyiObllLeBCKOro BOAOXpaHMNMLLA B MC-
cnepyembii nepuog Obin npepctasneH 66 Buoamu
(Rotifera — 36, Cladocera — 20, Copepoda — 10), us
Hux 3 — BceneHubl lMoHTO-Kacnuinickoro komnnekca
(Heterocope caspia Sars, 1897, Cornigerius mae-
oticus (Pengo, 1879), Eurytemora caspia Sukhikh
et Alekseev, 2013) n 1 — GopeanbHO-apKTUYECKNI
(E. lacustris (Poppe, 1887)).

Cpean Rotifera Hanbonee pa3HoobpasHO Ha K3-
YYEHHbIX MENKOBOAbAX NPELACTABMNEHbI ABE 3KOMOru-
Yyeckue rpynnbl: BepTukaTopbl, A0ObIBalOLWLME NULLY C
noBepxHocTu cybeTpara (12 BUAOB) 1 B TONLLE BOAbI
(10) — npenctasutenu cemencts Brachionidae n Syn-
chaetidae. B rpynne Cladocera HaubGonbluee 4uc-
N0 BUOOB OTMEYEHO Cpeayu MaBatoLmMX NePBUYHBLIX
dunsrpatopoB (9 Buaos M3 cemencts Bosminidae
n Daphniidae) un nonsatoLie-nnaBaroLLmMX BTOPUYHbIX
dunsrpatopoB (7 Bugos cem. Chydoridae). Cpeau
Copepoda HaubGonblnM BUAOBLIM GOratcTBOM OT-
nuyanucb Nnaeakwwune XUWHUKKM (3 BMAA MOACEM.
Cyclopinae). Ha Bcex uccnegyembix ctaHLmsax obHa-
py>XeHbl Hernonoo3perble ocobn Copepoda co cme-
LWAHHBIM TUMOM NUTAHUA U NEPESBMKEHNS.

JleTom B cocTaBe 300MNaHKTOHA W3YyYeHHbIX
menkoBoaun obHapyxeHo 53 Buaa: Rotifera — 25,
Cladocera — 19, Copepoda — 9. Hanbonbliee 4ncno
BMOOB 3adpmKcupoBaHo Ha Menkosodbe IV-ro Tnna —
27; Ha yyacTke ll-ro Tna otmMeveHo 26 BMAOOB, Ha

mMernkoBoabax I-ro u lll-ro Tunos — no 24. Ha yvact-
kax |-ro u ll-ro TMINOB OCHOBY BMAOBOrO CocTaBa CO-
ctaenanu Rotifera (53 n 50% cooTBeTCTBEHHO), a Ha
yyactkax lll-ro n IV-ro Tunos — Cladocera (46 n 44%).
Mpeobnapatollas gons BuaoB 6€Cno3BOHOYHbIX,
AobbiBaoWmMX nuwly B Tonwe Boabl (62%), 3aperu-
CTpupoBaHa Ha MerkoBofbe |-ro Tuna; ata Xe 3Ko-
noruyeckas rpynna cocTtaenana 6onee noOnMoBuWHbI
BMOOBOro coctasa Ha yyactkax ll-ro u IV-ro tnnos
(58 n 54% cootBetcTBeHHO). Cpeaun Rotifera gomu-
HUpOBanu BepTUKaTopbl (NPeacTaBUTENN CEMENCTB
Synchaetidae, Brachionidae, Filiniidae, Conochilidae,
Dicranophoridae), HambGonbllas ux gons oTmede-
Ha Ha menkosogbe |-ro (30%) u Il-ro TnnoB (25%).
Mnasatowme xuHukn (ceM. Asplanchnidae) sape-
rMCTPUPOBaHbI Ha yyacTkax I-ro, ll-ro un IV-ro Tnnos
(< 4%). Ha Bcex mnsyyeHHbIx yyacTtkax cpeaum Cla-
docera Bepnylee nonoxeHue (21%) saHumanu nna-
BaloLLMe nepBuYHble dunsTpaTopsl (MpeacraButenu
cemencts Bosminidae, Daphniidae). Mnasatowwue ak-
TUBHblE XULLHKKK (ceM. Polyphemidae) BcTpevanuce
nvwb Ha yyactkax lll-ro u IV-ro Tunos (4 n 2% cooT-
BeTCTBEHHO). [lons Bugos Copepoda, AobkbiBatoLwmx
nvLly B TorLle BOAdbl M C MOBEPXHOCTM cybCTpaTa, B
cpenHeMm Obina Be3ge oguHakoBon (7 + 3%), ogHa-
KO MakcumarnbHOe YMCIO XULLHUKOB, MUTAIOLMNXCH B
Tonwe Boabl (ceM. Temoridae n n/cem. Cyclopinae),
oTMevanoch Ha yyactke IV-ro Tuna (11%).
3oonnaHKTepsbl, UCNomMb3yoLwme MUy ¢ NoBepX-
HocTu cybcTpaTta, MpeBanuMpoBanM Ha 3aluileH-
HOM y4acTke, 3apocliem paectom oGnectawmm (Il
T™n) (54%), HaumeHbLwas nx gons (38%) oTmeyeHa
Ha OTKpbITOM MenkoBoabe (I Tun), a Ha y4acTkax
ll-ro u IV-oro TMNoB ux gons cocTtaensana He Gornee
46%. KonoBpaTku-BepTUKATOpPbI, CBA3aHHbIE C CYyO-
cTpatom (npeacrtasutenu cemeinctB Brachionidae,
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Euchlanidae, Testudinellidae), B paBHbIX gonsx (no
17%) Obinn oBHapy>XeHbl Ha 3aLLMLLEHHbIX y4acTKax
(H-IV TnbI), MeHbLUE NX BbIN0 Ha OTKPLITOM MESKOBO-
aee (13%). Ha yyactkax I-lll-ro Tvnos BcTpevyanock
HebonbLoe (< 6%) KoNM4ecTBO BUOOB 300MIIaHKTe-
poB, A0ObIBalOLMX MULLY C NOBEPXHOCTU cybcTpa-
Ta 3 cemeincts Notommatidae u Trichocercidae.
Cpeaon BeTBUCTOYCbIX pakoobpasHbix npeobnaganu
BTOpU4YHble punbTpaTopbl M3 cem. Chydoridae, a
Hambonblas nx gons (17%) oTmevyanach Ha 3akpbl-
ToM yyactke IV-ro Tuna. [lons BuaoB U3 unucna nep-
BMYHBbIX DUNLTPaATOPOB (NPeacTaBUTENMN CEMENCTB
Daphniidae 1 Sididae) HeBbicokasi, MakCMMarbHOro
3HaveHusa (8%) oHa gocTurana Ha 3akpbiTOM Men-
koBoabe B 3apocnsax pgecta (IV tvn). CBsa3aHHble €
cybcTpaToMm BecrnoHorne pakoobpasHble Obinv Mak-
cumaneHo (12%) npeacrtaBsneHsl Ha MenkoBoabe |-
ro TMNa 1 BKMYanu akTUBHbIX XMLLHKUKOB (n/cem. Cy-
clopinae) n cobupartenen (n/cem. Eucyclopinae).

JNleToM  cpegHAs  YMCMEHHOCTb  300MMaH-
KTOHa  MCCNefoBaHHbIX  Y4acTKOB  COCTaBrisina
29.5+17.1 TbIC. 3k3./M3, Biomacca —680.9 + 439.4 mr/
m3. Hanbonblume BeNUYMHbLI ObINN XapakTepHbl Ans
yyacTka lll-ro Tuna, HanmeHnsLwune — ang IV-ro (Puc. 1).
Ha Bcex Tunax MenkoBoAMN OCHOBY YMCIEHHOCTU
n 6uomacchl coctaenanu Cladocera (55.0 + 8.0%
n 71.0 £ 12.0% cooTtBeTcTBEHHO), BKNaa Rotifera n
Copepoda 6bin Hke (cooTBeTcTBEHHO 22.0 + 4.0%
m 8.0 £ 5.0% no uucnenHoctn, 23.0 + 6.0% un
21.0 £ 9.0% no 6uomacce) (Puc. 1).

MakcumanbHas gons KonoBpaTok B OOLLen unc-
NEeHHOCTU OTMe4veHa Ha I-m u Ill-m Tunax menkoBso-
auvn, B oblluen buomacce — TONbKO Ha MeNKoBOObe
I-ro Tna. BeTBucToycble pakoobpasHble Hanbonb-
Wyl Oomno B 06LWen YMCNEHHOCTU COCTaBnsnM Ha
3aKpbITOM MernkoBoAdbe, 3apoClIeM OOHWM BUOOM
MOrpy>xeHHOro pacTteHus, a B obLien buomacce — Ha
yyacTke, 3apoclieM OAHUM BWOOM BO3AYLUHO-BO-
OHOro pacteHus. [ons BecrnoHormx pakoobpasHbix
B 0o6OLlen ynmcneHHocTn u Gromacce 300MMaHKTOHa
goctvrana MakcumarbHbIX BENUYMH Ha 3aKpPbITOM
MernkoBOAbe, 3apoclueM BO3OYLUHO-BOAHLIMU WU MO-
rPY>XEHHBLIMW pPacTEHUAMMU.

Haunbonee BbicoKkMe 3Ha4eHns nHaekca LeHHoHa
ObInm oTMeYeHbl Ha menkoBogbe IV-ro Tuna (4.06 ouT/
9K3.), @ MUHUMarnbHble — lll-ro Tuna (1.82 6ut/aks.), B
TO BpeMs Kak Ha yvactkax | u ll-ro Tunos — 3.28 u
3.66 6UT/aK3 COOTBETCTBEHHO.

Momumo oTnuuuii B BMOOBOM cocTaBe, Obinu
TakKe BbISIBMEHbl Pasnuyms TPOPUYECKON CTPYKTY-
pbl 300MMaHKTOHa. Tak, HesapacTalolee OTKpbIToe
Menkosogbe (I TMn) oTnNMyYanocb MakcuMarnbHOW
NAOTHOCTBIO MNEPBUYHLIX (UNLTPATOPOB 3a CHeT
AomuHupoBanus Daphnia cuculata (Sars, 1862),
Bosmina (Bosmina) longirostris (O.F. Miller, 1785) n
B. (Eubosmina) coregoni (Baird, 1857)), a Takxe Bep-
TukaTopoB (Keratella quadrata (Muller, 1786)), [oOblI-
BaloLWmx nuiy B Tonwe Boapl (Tabn. 2).

Ha yyacTke ll-ro Tvna gonsi BepTnkaTopos, CBA3aH-
HbIX C cybcTpaTtom, Gbina Bbilwe 3a cyeT Brachionus
calyciflorus (Pallas, 1766). Ha 3akpbiTom 1 3apocLuem
paectom Mmenkosogee (Il TwMn) 3a cyeT QOMUMHUPO-
BaHus Sida crystallina (O.F. Muller, 1776) oTmeyeHa
MakcumarnbHas YMCMEHHOCTb M AO0Ms NNAaHKTOHHbIX
©eCcno3BOHOYHbIX, JOObIBAIOLLMX NULLY C MOBEPXHOCTM
cybctparta. OgHOBpPEMEHHO 3TOT TUN Npubpexbs xa-
pakTepusoBasncs HaMborbLUEN YNCIEHHOCTLIO BEPTU-
kaTopoB 1 xuiLHbIX Cladocera, nuTaroLLmxcsa B Tonule
BOAbl, @ TaKKe NnonsatoLLe-nnasarLLmX BepTUKaTopos,
cBsi3aHHbIX ¢ cybcTpaTom. Ha yuacTke IV-ro Tuna obHa-
py>KeHbl MakcuManbsHas YACNEHHOCTb U oM BECno-
HOMMX XWLLHMKOB, [OObLIBAIOLLMX MULLY B TOrLLE BOAbI
(3a cuet pomuHupoBaHus E. lacustris, Acanthocyclops
vernalis (Fisher, 1853)) n Ha cybcTpare (3a c4eT JoMu-
HupoBaHust Mesocyclops leuckarti (Claus, 1857)). Ha
3TOM Xe Tune MernkoBoAbs, B OTNM4Me OT ApYrux, OT-
MeYyeHa Hanbonbllas LONs IOBEHUIbHBIX pakoobpas-
HbiX. B uenom Ha ydacTke I-ro Twuna npeobnaganu
nnaearoLlimMe MUpHble BECNO3BOHOYHbIE, HA yYacTKax
[I-ro n lll-ro TMNOB — cBsI3aHHbIE C CybCcTpaToM onnb-
TpaTopbl 1 BepTMKaTopbl, Ha yyacTke IV-ro Tuna gons
BCEX rpynn 6bia NpUMEPHO OANHAKOBA.

OceHblo Yncno obHapyXeHHbIX BUAOB 300M1aH-
KTOHa cokpatunocb o 40, cpeaun koTopbix Rotifera —
26, Cladocera — 8, Copepoda — 6. 3akpbITble MEnNkKo-
Boabs ll-ro u lll-ro TMnoB otnMyanucbs HaMbonbLUUM
yucriom BnaoB — no 20, Ha yvacTtke IV-ro Tuna otme-
YyeHo 14 BMOOB, @ Ha OTKPbLITOM MernkoBoabe 6e3 pac-
TuTensHocTtu (I TMn) Habnaanocb MX MUHMManbHoOe
yucrno — 7. Ha Bcex uccnegyemMblx CTaHUUAX OCHOBY
BMOOBOro COCTaBa 300MaHKToOHa hopMmpoBarnm Ko-
nospatku (71%) npu MakcumansHOW Aomne Ha y4acT-
kax I-ro (79%) w IV-ro (77%) TnoB. Haubonblias
405 BUOO0B BETBUCTOYCbIX M BECITOHOMMX pakoobpas-
HbIX BbiiBreHa Ha menkoBoabsx lI-ro (21 u 11% cooT-
BeTCTBEHHO) U1 llI-ro (25 n 15%) Tmunos.

Ha OTKpbITOM M NULIEHHOM 3apocrnent Mernko-
Boabe (I TMn) oTMeveHa MakcMmanbHas OOnNs BuU-
40B, pgobbiBaowmx nuwy B Tonwe Boabl (57%) 3a
cyeT BepTUKaTOpoB (NpeacTaBuTener CeMeuncTB
Synchaetidae n Brachionidae) (43%), a Takxe xuLu-
HUKoB (ceM. Synchaetidae n Heterocope spp.) (14%).
MepBUYHbIE (bUNBTpPaTOPLI Cpean BETBUCTOYChIX pa-
KooOpasHbix (cem. Bosminidae) pernctpupoBanucb
nuwb Ha menkosoabax lll-ro un 1V-ro Tunos (5 u 3%
COOTBETCTBEHHO), e Takxe MPUCYyTCTBOBANW Heak-
TUBHbIE XULLHWKKU (Eurytemora spp.) (10 1 6%).

Buabl 3oonnaHkTepOB, 406LIBAKOLLMX NULLY C MO-
BEPXHOCTU cybcTpaTta, MakcumarbHO NpeacTaBneHb
Ha 3alLmLleHHbIX MenkoBoabsax I1-IV-ro Tnnos (64, 65
1 68%), a MMHMManbHas nx gons (43%) — Ha Menko-
Boabe |-ro Tvna. MNpu atom Ha y4vactkax lll-ro u IV-ro
TMMNOB HambonblUas [ons BUAOB OTHOCWUMAcChb K Bep-
TMKaTopam (npeacraBuTenu cemencts Brachionidae,
Euchlanidae, Testudinellidae u Trichotriidae) (25 wn
37% cootBeTcTBeHHO). CoctaB Cladocera Ha Bcex
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Puc. 1. KonnyectBeHHbIe nokasaTtenu 1 4ons TakCOHOMUYECKMX Py 300M1aHKToHa MeLUMHCKOro 3anuBa Ha pasHbix TUnax MenkoBoabs
B uione 2017 r. 1 — Rotifera, 2 — Cladocera, 3 — B3pocnble Copepoda, 4 — 1oBeHuUnbHble Copepoda. Pumckumun Lmdpamu o603HayeHbI
TUMbI MENKOBOAMN (CM. B TEKCTE).
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TUNax MenKoBoAbsl Obinl CHOPMUPOBAH BTOPUYHbI-
Mu (cem. Chydoridae) u nepBuyHbIMKW (CeMencTBa
Daphniidae n Sididae) cunsrpatopamu, pobbiBato-
LWMMK MN1LLY C NoBepxHOCTU cybecTpata. OgHako Ha
3aKpbITbIX MEMNKOBOAbSIX, 3aPOCLLUMX NPEUMYLLECTBEH-
HO oAHUM BMAOM BoAHbIX pacteHun (Il v Il Tunbl), nx
aons 6bina 6onblue (21 1 20%), YeM Ha MENKOBOAbSIX
[-ro un IV-ro (14 n 11%) Tunos. Cpean BECNOHOMMX
pakoobpasHbiXx Ha MenkoBoabsix ll-ro u lll-ro Tnnos
HambonbLUYI0 AOMN0 cocTaBnsanu Buabl n/cem. Eucy-
clopinae — cobupartenu-aBpudarm, cBsidaHHble C CyO-
ctpatoMm (11 1 5%), a Ha yyacTkax IV-ro Tuna — akTue-
Hble XULWHWKN 13 n/cem. Cyclopinae (3%).

CpenHAst 4YMCNEHHOCTb  OCEHHEro  300MMaH-
KTOHa  MccrnegoBaHHbIX — Y4acTKOB — CoCTaBnsna
7.2 + 2.6 TbIC. 9K3./M3, Buomacca — 22.7 £ 10.9 mr/m3.
HaunbonbLune 3HadeHnst Obinu XxapakTepHbl Anst y4acT-
ka lll-ro Tnna, HammeHsbLune — ang |-ro n IV TMNoB men-
koBogui (Puc. 2). OcHOBY YncneHHoCTH hopMupoBa-
nn Rotifera (43.9 + 8.5%) n Copepoda (41.6 £ 9.9%),
pons Cladocera 6bina muHumaneHon (14.6 + 3.9%).
Hanbonbwmn Bknag B 0Oy 6Guomaccy BHoCMNM
Copepoda (54.0 + 6.0%), oons Rotifera coctaBuna
23.3 £ 8.1%, Cladocera — 18.7 £ 5.5%. Makcumarb-
Has Jons KornoBpaTok B OOLLE YMcrneHHoCTN 1 buo-
Macce 300MfaHKTOHa OTMEeYEHa Ha 3aKPbITOM MENKo-
BOAObE, 3apocLueM TPoCcTHUKOM (Il Tun), BETBMCTOYCbIX
pakoobpasHbiX — Ha 3aKpbITOM Yy4acTke, 3apocLueM
paectom (Il Tun), BecnoHormx pakoobpasHbix — Ha OT-
KPbITOM He 3apocLUeM yYacTKe U Ha 3aKpbITOM MENKo-
BOObE C KOMMMEKCOM BO3AYLLIHO-BOAHbIX U MOrpyXeH-
HbIX BblCLUMX pacTeHui (I n IV Tunbl).

Haunbonee BLICOKOE 3Ha4YeHMEe WHAOEKCA BUAO-
BOro pasHoobpasuns 3admkcMpoBaHo Ha yyactke V-
ro Tuna (2.92 6ut/ak3.), HaMMeHbLLEee — Ha y4yacTke
[ll-ro Tmna (2.03 6ut/ak3.), a Ha y4acTtkax I-ro u ll-ro
TMMNOB OHW BbINM NPaKTUYeCKN OaMHaKoBbIMM (2.38 1
2.40 B1T/aK3. COOTBETCTBEHHO).

300nnaHKToOH NpuUBpexHbIX y4vacTkoB |-ro (mpu
OomuHupoBaHun Keratella quadrata w Kellicottia
longispina (Kellicott, 1879)) n ll-ro (npn goMuHUpo-
BaHWW Polyarthra vulgaris (Carlin, 1943) n P. major
Skorikov, 1896) TMnNOB xapakTepusoBarcsi Makcu-
ManbHOW Aornen nnaBaroWmMx GEecrno3BOHOYHbLIX 3a
CYET BEPTUKATOPOB, HanbonbLUas YACNEHHOCTb KOTO-
pbix oTMeYanach Ha menkosogpbe llI-ro Tuna (Tabn. 3).

Ha wmenkoBogbsx Ill-IV-ro tTunoB gonsa 6Gecno-
3BOHOYHbIX, CBA3aHHbLIX C cybCTpaToM, cocTaBnsana
6onee 50% OT 0O6LLEN YNCNEHHOCTM 300MNaHKTOHA.
Ha yuactkax ll-ro u lll-ro TvnoB 3a cyeT AOMUHUPO-
BaHusa Euchlanis dilatata (Ehrenberg, 1832) otme-
YeHa Hambonbluash YMCMNEHHOCTb U Jonsi B obuen
YUCITEHHOCTU BEPTUKATOPOB, CBA3aHHLIX C cybcTpa-
ToM. OgHOBpEMEHHO, Ha yyacTkax lll-ro u 1V-ro tn-
noB 3a cdeT AomuHupoBaHusa Chydorus sphaericus
(Muller, 1776) w Disparalona rostata (Koch, 1841)
3HaAYMTENbHbIN BKNag B OOLLYI0 YMCIIEHHOCTb BHO-
CUNMM  BTOpPUYHbIE  unbTpaTopbl, AoObiBalOLWme

nuLly ¢ NnoBepxHocTu cybctparta. Menkosogbe lll-ro
TMNa OTNUYanocb MaKCUMaribHOW YUCNEHHOCTbIO
W Jornen nepBUYHbIX UNBTPATOPOB, CBA3AHHbLIX C
cybctpartom (Sida crystallina), a Takke HanbonbLUen
YMCNEHHOCTLI0 oBeHUNbHbIX Copepoda. 3oonnaH-
KTOH yyacTka IV-ro Tuna otnuuyancs ot apyrmx men-
KOBOAMIN Haubonee BbICOKOW YMCIIEHHOCTbIO U [O-
nen B o6LLel YNCNEHHOCTH KONOBPATOK, CBA3aHHbIX
c cybecTpaTom, 3a cyeT AoOMUHMpPOBaHus Trichocerca
pusilla (Lauterborn, 1898) (Tnn nuTaHusa — BcacoiBa-
Hue) n konospaTtok Lecane spp. (Tvn nuTaHnsa — Bep-
TMKauuMsa 1 BcacbiBaHue).

O6cy)XaeHue pes3ysibTaToB

[aHHble OonblIMHCTBA MCCMNELOBaHUA  CBU-
0EeTenbCTBYIOT, YTO Ha 3apoClUMX M 3allMLLeHHbIX
MENKOBOAbsIX BOAOEMOB M BOAOTOKOB Buaosoe 6o-
ratcTBO, YWUCINEHHOCTb WM Ouomacca NNaHKTOHHbIX
©ecno3BOHOYHbIX Gonblle, YeM Ha OTKPbITbIX U Nn-
LeHHbIX MakpoduToB yyacTkax (Epmonaesa v ap.,
2016; Mopayxawn-bontoBckon, 1976; CtonbyHoBa,
1976; CtonbyHoBa 1 CtonbyHos, 2010). 3apocnu ma-
KpohnTOB CMOCOBCTBYIOT Pa3BUTMIO 300MMaHKTOHA,
cosfaBas ybexulla 1 3awumas ero ot MraHKTOHO-
SIOHBIX PbIO N KPYMHBLIX 6ECMO3BOHOYHBLIX XMLLHUKOB.
BmecTe ¢ TeM rycTble 3apocnv U3MeHsaT ANHAMUKY
BOA, YMEHbLUAs CKOPOCTb TEYEHWUS U MPensTcTByS
pa3BuTUIO BETPOBLIX BONH (Bpexosckux u ap., 2008;
Dembowska and Napiérkowski, 2015; Janse et al.,
1998; Lucena-Moya and Duggan, 2011). Kpome To0r0,
B 3aLUMLLEHHbIX OT BETPA M NPOrpeBaeMbIX MENKOBO-
ObaAx opMupyroTCst BnaronpusaTHblE YCNOBUSA ONs
pasBuTUA UTONNAHKTOHa (XanuynnuHa n SKoBnes,
2015; YepHblwesa n Cokonosa, 1960), coctaensto-
LLIero OCHOBY NUTaHMSA 6eCnO3BOHOYHbIX.

OpHako B onpeaeneHHbIX YCroBUsSIX BOAHas pacTu-
TENbHOCTb MOXET pa3BuBaTbes YpeamepHo. ®.[1. Mop-
Ayxan-bontosckon (1976) oTMedan CHWXeHWe 4uc-
NEHHOCTW 300MfaHKTOHa U Monoamn pbib B 3apocnsix
BO3YLUHO-BOAHOW pPacTUTENbHOCTM, @ B MMOTHbIX
3apocnsix Mornofb pbl6 BOBCE MOrna OTCYTCTBOBATb.
Mo mepe pa3BuTusa 3apocnent (yBenuyeHus rycroThbl,
BbICOTbI Hag, AHOM M T.4.) YCINOBWA Haryrna pblO-nnaH-
KTOharoB yxyaLLlakTca BCNeACTBME CHUXEHUS OOCTYM-
HOCTM kopMa. B rycTbix 3apocnsix makpodutos 6ecno-
3BOHOYHbIE YCMeLLHee OCYLLEeCTBAOT NoMCK ybexuiua
B Clyyae onacHOCTH, a pblbe TpyaHee Ux OOHapYXuUTb
n3-3a yxyaLeHust BUGUMOCTU 1 crioxkHee fo0bITb BBU-
[y CTECHEHHOCTWN MaHeBpa B OrpaHU4YeHHOM NPOCTpaH-
cTBe cpeau 3apocnen (Ffepacumos, 2007). O4yeBngHo,
YTO MO 3TOW NPUYMHE HaMBOMbLUNE KONMYECTBEHHbIE
nokasaTenu 300MMaHKTOHa U B Uione, U B OKTAOpe pe-
rMCTPUPOBanuCh Ha 3aLUULLEHHOM yYacTKe, NMOTHO 3a-
pocLueM NpenMyLeCTBEHHO OOHUM BUAOM MOrPY>KeH-
HOroO BbICLLEr0 BOAHOMO pacTeHusi C niasarowumn Ha
nosepxHocTu nuctbamu (Il Tun).

BmecTe ¢ Tem 300nnaHKTOH Hanbornee cxogHOro
METNKOBOAHOIO y4yacTKa, 3apOCLUEro KOMMIeKCoM BO3-
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Puc. 2. KonunyecTBeHHble nokasaTtenu U AOMs OCHOBHbIX FPYMn 300MMaHKToHa MeLUMHCKOro 3anvBa Ha pasHbiX TUMax MenKoBOAbs B
okTsi6pe 2017 r. 1 — Rotifera, 2 — Cladocera, 3 — B3pocnble Copepoda, 4 — toBeHunbHbole Copepoda. PuMmckumn umndppamm o603HayeHbl
TUMbI MENKOBOAMN (CM. B TEKCTE).
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OYLWHO-BOAHLIX W MOrPy>XeHHbIX pacteHun (IV Tun),
NneToM OoTnnyancs MMHUMAarbHbIMU YUCIIEHHOCTLIO U
Buomaccon. N3BeCTHO, YTO B pa3peskeHHbIX 3apocCrisx
MakpoUTOB 300MSAHKTOH Bonee 4OCTYMNeEH ManbKkam,
YeM B MNMOTHbIX 3apocnsx (Yepesuuko, 2007). Paso-
BbIA FTOB ra3oBoW BONOKYyLUEN (6 M), OCYLLECTBMNEHHbIN
B MIOne, nokasasn, 4To Ha oguH 3abpon c nepecye-
ToM Ha 30 M cpedHee KONMUYeCTBO 3K3eMMMspoB Ha
yyactke IV-ro Tuna coctasuno 2900, ll-ro Tnna — 304.
M3BecTHO, 4YTO BbleJaHwe pblbamMu NPUMBOAMT K CO-
KpaLLEHUIO YMCIIEHHOCTU M BUoMacchl 300MIaHKTO-
Ha B nepsyto ovepeab 3a cyeT Cladocera (unspos,
1987; Capuukos, 2007; Brooks and Dodson, 1965;
Hrbacek, 1962; Stenson et al., 1978). OueBngHo, No
3TON NpuymnHe Ha Menkosoabe IV-ro Tuna, rae obHa-
py)XeHa BbICOKasi NNIOTHOCTb MOMoan pblb, OTMEYEHDI
MUHUMarbHbIe YNCNEHHOCTb 1 BoMacca neTHero 30-
onnaHkToHa (1 B YactHocTu Cladocera). B T0 e Bpe-
Msl 30ecb Habnioganucb HamborbluMe YUCIIEHHOCTb
n ouomacca Copepoda, oTnmyarowmxcst Gonbluen
NOABWXHOCTLIO M CMOCODHOCTbIO M3beratb XULLHM-
KoB. Kpome TOro, o BblegaHun 300nnaHKTepoB cBMae-
TENbCTBYET MUHUMArbHAsA CPeHsa UHAMBMAOYaNbHas
Macca opraHu3moB Ha ydacTtke IV-ro Tuna, rae oHa
coctasnsna 0.011 mr, B To BpeMsi kKak Ha y4dacTke ll-ro
TMna — 0.065 mr. MakcumanbHas BenuuMHa nHaekca
LLleHHOHa Ansa 300MNnaHKToHa, Habngaemasn Ha Mern-
KoBOAbe C GOnNbLUOW MITOTHOCTBLIO PbID, Takke MOXET
ObITb CBsI3aHa C BbleaaHueM. [1eno B TOM, YTO pbiObl
BblOMpatoT Hanboree 3aMeTHble U/UNN MHOTFOYUCIIEH-
Hble nuweBble 06bekTbl (Murdoch, 1969; Murdoch
et al., 1975). Bcneaoctene vx BblefaHWsl CHWDKAETCSA
cTeneHb AOMVWHUPOBaHWUS OAHOrO BuAa, B pesyrnbra-
Te yero 3HavyeHune uHaekca LlleHHoHa yBenuumBaeTtcs
(Kpbinos 1 gp., 2016).

OTKpbITOE MENKoBoAbeE, NIULLEHHOE PaCTUTENbHO-
ctu (I TMn), xapakTepmnsoBanock MUHUMANbHLIMU KO-
NYecTBEeHHbIMM NoKa3aTensiMn NaHKTOHHLIX 6ecro-
3BOHOYHbIX fMLWb TOMBbKO B KOHLE BeretaumoHHOro
nepuoaa. OgHaKko B Mtorie YACNEHHOCTb 300MMaHKTOHa
B 3TOM TUMe NpUbpexbsi HaXoamMnach NPaKTUYECKM Ha
OHOM YpOBHE C nokasatensamu y4acTtkos llI-ro u 1V-ro
TMNOB, a Buomacca npeBblllana 3Ha4YeHUsl, OTMEYEH-
Hble Ha menkosoabe |V-ro Tuna. Mo Bcen BMaANMOCTH,
3TOMY CcrnocobCTBOBana BbiCOkas TemnepaTypa BoAbl
N MUHUManbHbIA NPecc Co CTOPOHbI Monoau pblb, ns-
GeratoLelrt OTKPLITLIX Y4aCTKOB MeNKoBoaWM Ans 3a-
LLUMTBI OT BETPA, BOJH U XULLHNKOB.

BnonHe 3akoHOMEpPHO Wu3MeHsinacb Tpodunye-
CcKasi CTpyKTypa 300nnaHkToHa. Bo-nepBbix, OCEHbIO
B CBSA3M C MpeLecTBYOLMM HaKONeHneM aetTpuTa
Ha cybcTpaTe B Te4eHMe BEreTaLMoHHOro nepmoaa, B
300MS1aHKTOHE BCEX MUCCIeaoBaHHbIX YY4acTKOB Mern-
KoBOObS BO3pacTana Aons nnasatoLle-nonsatoLmx
1 nonsatoLle-nnaearwmnx 6ecno3BoHoYHbIX. Bo-BTO-
pbiX, HAa OTKPLITOM y4YacTke 6e3 3apocnen oTMeveHa
MakcumarnbHasi 4ONs nnaBaloLWmx OpraHM3MoB, a Ha
3apacTallnx mMakpoduTamm — CBSI3aHHbLIX C Cyb6-

ctpatom. Mpn 3TOM B CBSA3N C HauMbonbluen 3alum-
LLIEHHOCTbLIO OT BOSTHOBOIO U BETPOBOrO BO3AENCTBUS,
a TakKe KOHTPONS CO CTOPOHbl XWULLHWKOB, cpeau
nnaBatoLLMX U CBA3AHHbIX C CyOCTpaToOM OpraHn3MoB
MaKcManbHOW Oonen B NEeTHUI Ce30H OTnn4anmcb
NnpeacTaBuUTENM BETBMCTOYCbIX PakooOpasHbIX.

BbiBOoAbl

BuooBon coctaB 3oonnaHkToHa MelmrHcko-
ro 3anvea KyiObIlLeBCKOro BOO4OXPaHMIMLLA B UC-
cnepgyeMbin nepuog Obin npeactaeneH 66 Bugamm
(Rotifera — 36, Cladocera — 20, Copepoda — 10).
JleTom Ha 6 MccnegoBaHHbIX CTaHUMNAX 3aperncTpu-
poBaHO 53 Buaa, cpedHsss YUCNEHHOCTb KOTOPbIX
coctaensana 29.5 + 17.1 Tbic. 3k3./M3, a Guomac-
ca — 680.9 + 439.4 mr/m3, oceHblo — 40 BMAOB C
YUCNEHHOCTbIO 7.2 + 2.6 Thic. 3k3./M® N Buomaccon
22.7 +10.9 mr/m3.

J1eToM 1 0CeHbI0 NNaHKTOHHbIE 6ECNO3BOHOYHbIE,
AoOblBaloLLMe MUy M3 TOMWM BOAbl, MakCUMarb-
HO npeAcTaBneHbl Ha OTKPbLITbIX, NMULLIEHHbIX PacTu-
TENbHOCTU, MENKOBOAHbLIX y4acTkax, a AobbiBatowime
NULLY C NMOBEPXHOCTU cybCcTpaTa — Ha 3akpbITbIX Mer-
KOBOAbSX, 3apoclmMx MO0 MNorpy>eHHbIMKU, Nnbo
BO3[YLUHO-BOAHBLIMW U NOTPY>XEHHLIMU BbICLUMMW BO-
OHbIMW PacTEHUSIMMU.

3akpbiTble  MENKOBOAbS, 3apocluMe npeumMy-
LLIeCTBEHHO OOHVMM BMAOM pacTeHWiA U3 rpynnbl no-
FPY>KEHHbIX C MNIaBalOLLMMKU Ha MOBEPXHOCTU BOAbI
nnctbsiMn, B oba ce3oHa oOTnNu4Yanuncb Haunbonee
BbICOKMMW KONMUYECTBEHHbIMW MOKa3aTensmMm 300-
nnaHkToHa. OTKpbITble MENKOBOAbLS, NULLIEHHbIE pac-
TUTENbHOCTU, XapaKTepu3oBanuMCb MWHUMaIbHbIMU
3HAYEHUSIMU YMCMNEHHOCTU M Buomacchl TONbKO B
okTsAbpe. JleToM HauMeHbLUNEe KONMYecTBEHHbIE MO-
KasaTenu pasBuMTUS MNAHKTOHHbIX GECno3BOHOYHbIX
(PUKCUPOBANMCb Ha y4yacTke C BbICOKMM BWOOBbLIM
pa3Hoobpa3sneM BbICLLUMX BOOHbIX PACTEHUN.

BaxHyto ponb B ¢hopMMpOBaHMN KONUYECTBEH-
HbIX MoKa3aTenewn 1 CTPYKTYpbl 300M1aHKTOHa Urpaet
KOHTpOSb cBepXy. 3aKpbITble y4acTku, rge npomspac-
Tanu BO3AYLUHO-BOAHbIE pacTeHusi (OTAENbHO WK B
KOMIMIIEKCE C MOrPYXXEHHbIMW), B CpeOHEM XapakTe-
pu3oBanncb HEBBLICOKMMM MOKa3aTeNnsiMU YUCHEeHHO-
CTU 1 Gromacchl 300MMaHKToHa. Paa CTPYKTYPHbIX U
KONMYECTBEHHbIX MoKasaTenem coobluecTBa cBuae-
TENbLCTBYET, YTO 3TO CBSA3AHO C CUJIbHBIM MPECCOM CO
CTOPOHbI Mornoaun pbi6. 3alULLEHHbIA MENKOBOAHBIN
Yy4YacToK, 3apoCLUMA MIOTHBIMWU 3apOCHsIMU  OHOIO
BMAA NOrpy>KEHHOro BOAHOMO pacTeHUs C NiaBatoLLm-
MW Ha MOBEPXHOCTU IUCTbSIMU, XapakTepu3oBarcs
Hanbornee BbICOKMMWN KONMYECTBEHHbLIMU NOKasaTens-
MW 300MSaHKTOHA. DTO MOXET ObITb CBA3AHO C rycTo-
TOW pacTMUTENbHOMO NOKPOBA, NPENATCTBYHOLLErO NPo-
HUKHOBEHUIO pbIb 1 MX Mornoau.
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Quantitative indicators and trophic structure
of zooplankton in different types

of shallow water zone in Meshinsky Bay
(Kuibyshev Reservoir)
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Abstract. The trophic structure and quantitative characteristics of zooplankton in four shallow water areas of
Meshinsky Bay of Kuibyshev Reservoir were studied in the summer and autumn seasons. The sites differed in
their protection from wind and wave impacts, and in intensity of macrophyte overgrowth. The maximum species
richness of zooplankters feeding in the water column was observed in open and vegetation-free shallow water
and foraging from the surface of the substrate in closed areas, overgrown mainly with one type of submerged
plant. The highest quantitative indicators of zooplankton in all areas were observed in summer. Regardless of the
season, the maximum abundance and biomass of communities was observed in protected shallow water in thickets
of Potamogeton lucens L. This is associated with the density of vegetation cover protecting invertebrates from
predation by fish.

Keywords: Rotifera, Cladocera, Copepoda, Crustacea, macrophytes, littoral zone, overgrown, abundance,
biomass, feeding strategy.


https://orcid.org/0000-0002-1483-1652

TpaHcdopMaLUAa SKOCUCTEM ISSN' 2619-094X Print

ISSN 2619-0931 Online

Ecosystem Transformation WWW.ecosysttrans.com

Hay4yHas cTaTes

HeTnnyHoe BepTUKANbHOE pacnpeneneHume
300MJ/1aHKTOHA M pbl6 B nenarnanmv o3. CeBaH B
nepuon neTHem crpatupmkaumm

M.N. Manun* , C.M. >KganoBa , [1.b. Koconanos |,
.M. Manuna , H.I'. Koconanosa , P.3. CabutoBa ,

A.B. Kpbinos

UHecmumym 6uonoauu eHympeHHuUx 800 um. U.[]. MNanaHuHa PAH, 152742, Poccus, Sipocnasckas o6r1.,

Hekoy3sckuli p-H, noc. bopok, 0. 109

*mishuk@ibiw.ru

MocTtynuna B pegakumio: 12.03.2021
Hopab6otaHa: 19.04.2021

MpuHaTa k nevaTtn: 19.05.2021
Ony6nukoBaHa oHnarH: 13.08.2021

DOI: 10.23859/estr-210312
YOK 574.583:591(282.247.441.821)

AHHomayus. B npegplaywimx nccnegosaHusix 03. CeBaH B ne-
puog neTHen cTpatndukaumm HaubonbluMe KOoNMYeCTBEHHbIe
nokasatenu 300MfIaHKTOHa OTMeYanuCb Ha HWKHEW TrpaHu-
Lue SNWIMMHUOHA, B TO BpeMsi kak ceBaHckun cur (Coregonus
lavaretus), ABNSOWUNCA OCHOBHbLIM MiaHKTOarom B BOAOEME,
npegnoyYnTan rMnofIMMHUOH U BbIHYXOEHHO Mokugan ero nvilb
MPWU CHMKEHUM KOHUEHTpauun kncriopoga Ao 1-5 mr/n. daHHoe
uccnegosaHune nposogunu 29-30 mnona 2019 r. B 03. bonbLion
CeBaH. BepTukanbHOe pacnpegeneHne TemnepaTtypbl BoOAbl,
CoAepKaHnsi paCTBOPEHHONO KUCMOPOA4a M OCHOBHbLIX rpynn ru-
OpobvoHTOB onpegensanu 4 pasa: B TEMHOE M CBETNOE BpeMms
CYTOK, @ TakKe BO BPEMSI YTPEHHUX U BEYEPHUX cymepek. MNnoT-
HOCTb PbIOHbLIX CKOMMNEHU oueHnBanu axonoTtom “Simrad EK80”.
HabGniogaemoe BepTuKanbHOE pacnpejerneHue 300MMaHKToHa
M pblb He MOAYUMHANOCH OMUCaHHbIM paHee 3aKOHOMEPHOCTSAM.
MakcumanbHas buomacca 300MaHKTOHa Ha MPOTSHKEHUN CyTOK
oTMevanach B rMNONMMHWOHE, MUHUMAaIbHas — B SMUITMMHUOHE,
npu atom 89-100% pbI6 HaxoaNNUCb B METANUMHNOHE. B Ho4HOE
BpemMs ~10% ckonneHus onyckanicb B rMNOAMMHWUOH, HECMOTPS
Ha HM3Koe cogepxaHune kucnopoga (3.0-3.1 mr/n). Ha pacceete
~7% pbib coBepLany NOgbLEM B ANUIMMHWUOH, AOCTUras rinyOuHbl
7 m n Temnepatypbl 20.8 °C. Temnepartypa cpeabl, nsbnpaemas
BONbLWNHCTBOM pbIO CKOMMEHUs, BapbMpoBana Ha NpoTSKeHUU
CYTOK M OTfMyanacb OT 3HAYEeHWM, yKasaHHbIX AMsi CEeBaHCKOro
cvra B bonee paHHUX UccnegoBaHUsX.

Kntovyeebie croea: GakTepUONNaHKTOH, reTepoTpodHbIE HAHO-
donarennsTbl, 06bIKHOBEHHLIN cur, Coregonus lavaretus, anunum-
HWOH, METANTMMHWIOH, TMMONIMMHWOH, MUTPaLUS.

[ns yumuposaHus. ManvH, M.WU. n gp., 2021. HeTunuyHoe BepTMKanbHOE pacnpegeneHve 300nnaHkToHa 1 pblb B nenarvanu 03. CeaH
B nepuop neTHen ctpatudmkaunn. TpaHcgopmayus akocucmem 4 (3), 100—114. https://doi.org/10.23859/estr-210312
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BBeaeHue

M3yyeHne BepTUKanbHOro pacnpeneneHnss Guo-
Tbl B CTpaTuUUMpPOBaAHHOM BOJOEME MO3BOMSET
uccrnenoBaTento NonyvuMTb YHUKanbHbLIA MaTepuan,
MOCKONbKY KapTWUHa 3Toro pacnpefeneHnst asnsetcd
pe3ynsTaToM B3aWMHOMO BMWUSHWS MOPOOUOHTOB B
YCNOBUAX BbIpaXXEHHOW reTeporeHHOCTU cpedbl, npu
3TOM MHOMKATOpPaMM ONTMMAsIbHOMO COYeTaHust Buo-
TUYECKMX U abuoTuyeckmx pakTopoB Ansi KOHKPET-
HOW rpynnbl OPraHM3MOB CRyXaT NPOCTPaHCTBEHHbIE
MaKCUMYMbl MX YUCIIEHHOCTU. B HeKoTOopbIX crny4asx
hopMUpyeTcs NaTTepH, OTKIOHAOLWNACS OT 06LLens-
BECTHbIX 3aKOHOMEPHOCTEN, YTO MO3BONSAET NO-HOBO-
MY OLIeHUTb pOorib hakTopa Unm KoMmnrekca hakTopos,
ChbIrPaBLLMX peLLatoLLYyIO porib B €r0 BO3HUKHOBEHUN.

Vctopuueckn B cTpatuduumposaHHom o03. CesaH
HambonbLUNE KONMUYECTBEHHbIE MOKa3aTenu 300mnaH-
KTOHa OTMeYanucb B 3MUIIUMHUOHE, B YaCTHOCTU Ha
ero HwkHewn rpaHuue (Kpbinos u ap., 2010, 2016; Hu-
korocsiH, 1985; CumoHsiH, 1991). Takke n3BeCTHbI 00-
LWne 3aKOHOMEPHOCTU BepTUKanbHOro pacnpeene-
HMSA pblb B BOJOEMAX TaKOro Tvna, cpegu HUX ocoboro
BHMMaHUA 3acCny>XuBaloT nenarmyeckme BuAbl apKTu-
4Yeckoro komnnekca. B ycnosusx ctpatudumkaumm oHu
BbIOMpaloT ONTMMAsbHbIE WX COCTOSIHWMIO Temnepa-
TYpHblE YCIOBUS, KOTOpLIE Yalle BCEro HabnogawT-
Csl HUXe crnosi TemnepatypHoro ckadka (MoaayGHbIi
n ManuHuH, 1988). [na ocHoBHOro nnaHkTodara
03. CeBaH — Coregonus lavaretus (Linnaeus, 1758) —
npegnoyntTaemMble TeMneparypbl BOAbI B IETHUA Nepu-
op B Manom CesaHe coctaensoT 4—-9 °C, B bonbLuom
CeBaHe — 5-7 °C (ManunuH u gp., 1984).

B TO Xe Bpemsi Ba)HO y4uTbIBaTb, YTO MOryT
HabnoaaTbCs HapyLWeHUss M3BECTHbIX 3aKOHOMep-
HOCTeW BepTUKanbHOro pacnpeneneHns BoAHbIX op-
raHnamoB. OCOBEHHO 3TO akTyanbHO B MOCnegHue
rogbl, OTAWYaKLIMECH BbLICOKMMM Temneparypamm
BO34yXa, CMoCcOOCTBYIOLLMMM U3MEHEHUIO TeMnepa-
TYPHOIO U KUCIOPOAHOIrO PEXMMOB TyOOKOBOAHLIX
o3ep (Helland et al., 2007; Razlutskij et al., 2018).
370, B CBOK oyepenb, onpeaensdeT COCTOsiHUE BU-
OOB pbl® apKTMyeckoro Kommnrekca, OCOBeHHOCTU
UX pacnpegeneHus U NroTHOCTb ckonneHun (Kpu-
Bonyckoa u ap., 2014; KpusonyckoBa u Cokornos,
2018). B 1980-x rr. 6bI10 nNokasaHo, YTO xapakTep
pacnpegeneHus cura B 03. CeBaH 3aBUCUT OT KOMK-
YeCcTBa PaCTBOPEHHOIO KUCNOpoAa — MPU CHMKEHUU
€ro KOHLUeHTpauuu B runonuMHuoHe o 1-5 mr/n
CUIM yXoaunu u3 AaHHomn 3oHbl (Mopgay6HbIn n Ma-
NWHWH, 1988). N3meHeHne NNOTHOCTW PbIB-NNaHKTo-
daroB BbI3bIBAET TpaHCcHOpMaLNIO BUOAOBOIO COCTa-
Ba W KONMUYECTBEHHbIX MokasaTenen MNNaHKTOHHbIX
6ecno3BoHOYHbIX. O6 3TOM CBUAETENBLCTBYET OMbIT
n3y4yeHus psaa BbICOKOTOPHbIX 03ep, B KOTOpble Ang
peKpeaumoHHbIX Lener Obinv 3aceneHbl pasnuyHble
BUAbl hopenu, B pesynbrate Yero Bbleganucb Kpyn-
Hble BUAbl 6€CNO3BOHOYHbIX, B YACTHOCTM MpeacTta-
Butenu poga Daphnia (Fitzmaurice, 1979; Galbraith,

1967; Gliwicz et al., 2000). B xoage nsydenus os. Ce-
BaH ObINO BLISBNEHO, YTO B MPOLIECCE YBENMUYEHUS
yncreHHocTn curoB B 2014—2017 rr. cHuxXanacb 4mc-
NEeHHOCTb U BroMacca NNaHKTOHHbIX pakooOpasHbIX
3a cueT yMeHblUeHusa gonu kpynHoro Buaa Daphnia
(Ctenodaphnia) magna Straus, 1820 (Kpbinios 1 gp.,
2019a, b). Mpu 3Ha4UMTENBLHOM POCTE NIOTHOCTU PbIO
B 2018 r. D. magna »3 cocTasa 300MMaHKTOHa ncYes-
na, ogHako yBenuyunachk obLiast YuCrneHHocTb 1 6uo-
Macca MMaHKTOHHbIX GECNO3BOHOYHbIX, B TOM YuUcne
3a cuet npeactasutenen Cladocera — D. (Daphnia)
hyalina Leydig., 1860 (Kpbinos n gp., 2021). OcHos-
Hasi MpPUYMHa HexapakTepHoM TpaHcdopMaLmMmn cooo-
LLLECTB NJIAHKTOHHbIX BECNO3BOHOYHbIX — U3MEHEHUS
pacnpefeneHus cura, Bbl3aBaHHble 06egHEHNEM KOp-
MOBOW a3kl B TOMLLE BOAbI B CBSA3M C MCHE3HOBEHW-
em D. magna. 31o cnocobcTBOBano oopmMmpoBaHuio
MaKCUMarnbHOW NIIOTHOCTU pbi6 Ha 6OnbLINX, YEM B
npegblayLume rogbl, rmybuHax, rge onTumManbHO cove-
Tanucb TepMuyeckme n Tpogudeckme ycnosus. MNMpu
3TOM M3MEHUICS CNEKTP KOPMOBbIX OOBLEKTOB CUra,
Cpeau KOTOpbIX 3HAYUTEMbHYK [OMK COCTaBuUu
OOHHble 6eCrno3BOHOYHLIE, B YAaCTHOCTU amdunoabl
(npenctaButenu cem. Gammaridae), B TO BpeMsi Kak
paHee — D. magna. OgHako B 3TOM UCCrneaoBaHUn
He OblNI0 NpoaHanNM3npPoBaHO BePTMKANbHOE pacnpe-
JeneHve 300MMaHKTOHa, YTO AenaeT BblCKa3aHHble
npennonoxeHns MeHee yoeouTenbHbIMA.

Kpome Toro, BaXXHO y4MTbIBaTb CYTOYHbIE U3MEHE-
HUS BEPTUKamNbHOro pacnpefeneHvst 300MMaHKToHa.
Bonbluas yacTb pesynsrartoB, NornyyeHHbIX 6onee 4yem
3a BEKOBYIO UCTOPUIO UCCMNEN0BaHUA CYTOUHbIX BEPTU-
kanbHbIX murpaumi (CBM) (Kucenes, 1980; Pyaskos,
1986), cBMAeTENbLCTBYET O CreayoLe 3aKkOHOMEPHO-
CTW: 300MITAaHKTOH CrycKaeTcs B rMyOuHHbIE Cnou Ha
paccsBeTe U NOAHMMAETCS K MOBEPXHOCTU BEYEPOM.
CBM 3o0nnaHKkToHa — 04eHb U3MEHUYMBOE U CNOXHOE
noBefeHne, KOTOpoe, O4EBMOHO, HE MOXET ObITb 00b-
SICHEHO KakMM-Nnbo ogHMM hakTopom. Yalle Bcero
CBM paccmatpuBaloTca Kak pesynsraT KOMMEeKC-
HOro BMUSIHUA psifa abuoTUyeckux (BepTUKanbHbIX
rpagveHToB TemnepaTtypbl, YyNsTpagroneToBoro ms-
Ny4YeHunsl, XMMMUYECKOro cocTaBa BoOA) U BUOTUYECKMX
(XMW HUYecTBa, KOHKYpEeHLMU, BepTUKarNbHOro pac-
npenenexHus nuwim) gaktopos (Brooks and Dodson,
1965; De Meester et al., 1999; Gerritsen, 1982; Han
and Straskraba, 1998; Lampert, 1989; Lampert et al.,
2003; Larsson and Dodson, 1993; Loose and Dawid-
owicz, 1994; Ohman et al., 1983; Rhode et al., 2001;
Ringelberg, 2010; Shapiro and Wright, 1984; Sih et al.,
2000; Spaak and Hoekstra, 1997; Tartarotti et al.,
1999; Williamson et al., 2011). Heobxogumo otaensTb
0CODEHHOCTU BEPTUKANBLHOINO pacnpeierneHus nnax-
KTOHa, aBnsoLmecs pesynsratom CBM (T. e. akTMBHO-
ro nepemMeLLleHns BBEPX Unu BHU3), OT XapaKTepPUCTUK,
00yCnoBneHHbIX ApyrMmMn haktopaMmum: MNacCUBHLIM
nepeHoCcoM C BOAHbIMU Maccamu (B TOM Yncne ropu-
30HTarbHbIM), NOTPebneHemM NnaHkTodaramm u ap.
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Llenb naHHom paboTebl — n3y4eHve B3aMmocBs3m Cy-
TOYHOW AMHaAMUWKM BEPTUKANbHOIO pacnpeaeneHms 3o-
OnnaHKToHa 1 nNnaHktodara Coregonus lavaretus B ne-
narnanu o3. CeBaH B nNepuoa NeTHen ctpatudumkaumnmn.

MaTepuan n metoabl

O3. CeaH (N 40°18.6"' E 45°20.9") pacnonoxe-
HO B LIEHTPe BOCTOYHON YacTu Pecnybnukun ApmeHust
Ha BblicoTe 1900 M Hap ypoBHeM Mops. Bogoem co-
CTOMUT 13 AByX Yacten: Manoro (nnowagp ~322 kM?,
Makc. rmybuHa 82 m) n bonblworo CesaHa (nnowagb
~928 km?, Mmakc. rnybuHa 36 m), coeaAnHEHHbIX NPOnu-
BOM LUMpPUHON 5.5 kM (AcaTpsH u ap., 2016).

HabnoaeHus nposoannu ¢ 6opta HAC “Tmapo-
nor” B bonblom CesaHe 29-30 nonga 2019 r. B Touke
c koopanHatamu N 40°24.1' E 45°27.3', rae ¢ nomo-
LWbo NpeaBapuUTenbHOW rMApPOaKyCTUYECKON ChEMKN
ObInn 0GHapyXXeHbl Nenarnyeckne CKonmneHus poio,
nOoeHTMUUNPOBaHHbIX Kak cur. MaTtepuan cobupa-
nn B pasHble nepmoabl CYTOYHOrO LMKNa, pasnuya-
OLLIMECS OCBELLEHHOCTBLIO: B YCMOBUSAX BEYEPHUX CY-
Mepek (Ha 3akaTte), B TEMHOE BpeMs CYTOK (HOYbIO),
B YCMOBUSIX YTPEHHUX Cymepek (Ha paccBeTe) u B
CBETNoe BpeMs CyTok (aHeM). MnybuHa B mecTe cbo-
pa usmeHsinacb B npegenax 24—26 m, 4to cBA3aHoO C
YKNOHOM penbecda aHa.

Mepen otbopom Guonornyeckux nNpod ans onpe-
aenenus rpaduy anu- (3J1), meta- (MJT) n runonMMHKo-
Ha (1) B ctonbe Boabl Yepe3 1 M MHOronapameTpuye-
ckum 3oHaoMm “YS| ProPlus” onpegensanu temneparypy
BOAb! 1 coAepXKaHue pacTBOPEHHOro kucropoda. bak-
TepvonnaHkToH (BI1), reTepoTpodHbIX HaHodnaren-
nat (FTH®) n 3oonnaxkToH (31) cobnpanu 6atomeTpom
MonuaHoBa (06bem 4 i) no 1 nogbLemy Yepes 1 M, pe-
3ynerathl nogbemos u3 3J1, MJT u 1 koHUeHTpupoBa-
N1 B OTAENbHbIE MHTErparbHble Npoobbl.

Ons konuyectBeHHoro ydveta Bl u MTH® wnHTe-
rpanbHble npodbl Boabl n3 3J1, M1 u IT1 cpa3y nocne
oTtbopa chmkcupoBanu opmanmHoM, npeaBapuTenb-
HO NPOCMNLTPOBAHHBLIM Yepe3 MeMOpaHHbIN OUNLTP
¢ amnametpom nop 0.2 MKM, 4O KOHEYHOW KOHLIEeHTpa-
un 1%. MpoBbl XxpaHunu B TEMHOTE Npu Temnepary-
pe 4 °C n obpabaTbiBanu B nabopatopun B Te4eHUE
Mecsua. YmucneHHocTb u pasmepbl bl n MTH® onpene-
nsanuM mMeToaoM anudnyopecLEeHTHOM MUKPOCKONUA C
ucnonb3oBaHmem dnyopoxpomos DAPI 1 npumynuHa
cooTBeTcTBeHHO (Caron, 1983; Porter and Feig, 1980).

Ons cbopa 3l Bogy npouexuBany 4epes nnaH-
KTOHHYIO CETb C pa3MepoM siden 64 MkMm, conkcuposa-
v 4% copmanmHom. KamepanbHyto 06paboTky npo-
BOOUNU MO cTanAapTHou metoauke (Pusbep, 1975),
Buomaccy onpeaensinu ¢ y4eToM pasmepoB OpraHus-
moB (BanywkuHa u BuHGepr, 1979). 3oonnaHKToOH
OLeHMBanu rno KoNM4yecTey BUAOB B Npobe, YNCNeHHO-
cTn, Guomacce, fone TakCOHOMUYECKUX TPy, Cpea-
Hel nHaMeuayaneHowm macce opraHusmos (CUM), oo-
MUHUPYIOLLUM BUAAM U UX CXOACTBY, onpeaensieMomMy
nHaekcom LLopeirnHa (BanHwTenH, 1976).

BepTukanbHoe pacnpegenernve pblb  oueHu-
Banu rmgpoakyctuyeckum metogom (Simmonds
and MacLennan, 2005) c¢ nomowpk 3xonoTta
“Simrad EK80” ¢ gByxyacToTHOW aHTeHHouW ES38-
18/200-18C (pacLuenneHHbIn nyy Ha 38 k'L, oAnHOY-
HbI nyy Ha 200 kly, WupuHa guarpammbl Hanpas-
neHHoctn 18° Ha o0bGenx 4vactoTax). 3arnybneHve
a@HTEHHbI COCTaBnANo 1 M OT MOBEPXHOCTU BOAbI.
CbemKy npoBoaunu BO BpeMs noaxoda cygHa K Me-
cTy oTbopa rugpobuonoruyeckux npod. Pacnpepene-
HWe pbld aHanM3npoBanu B NporpammHomM obecneve-
Hun “Echoview 10” meTogom axocyeTa B AnanasoHe
rny6uH oT 2.5 M 0o gHa.

Pe3ynbTaTthbl

Temnepatypa Bogpl B OJ1 6bina Ha 6.1-10.0 °C
Bbille, yem B MJ1 1 Ha 13.1-14.1 °C Bbllme, Yem B [T]
(Pwuc. 1). B TedeHue cyTok B JJ1 OHa U3MeHsANnackb Ha
0.3-0.7 °C, B MJ1 — Ha 0.2-3.5 °C, npuyem makcu-
MarbHble 3Ha4YeHUs 3aperncTpupoBaHbl Ha 3akarte u
Houbto. B IT1 Temnepatypa konebanacb Ha 0.1-0.8 °C
npu HambonbLLEM 3Ha4YeHUn Ha pacceeTe. MuHuMarnb-
Hasi KOHLIeHTpaLUus pacTBOPEHHOTO Kucropoaa obHa-
pyxeHa B 11, B MJ1 oHa 6bina Bbiwe Ha 1.1-2.8 mr/n,
B 3JJ1 — Bbiwe ewe Ha 1.5-3.5 (Puc. 1). B 3J1 B Te-
YEeHWe CYTOK ero KoHUeHTpaums Bapbuposana Ha 0.1—
0.2 mr/n, 8 MI1 —Ha 0.9-1.9, B [T — Ha 0.3—-0.4, a mak-
CMMarnbHble 3HaYeHus 3aperncTpyMpoBaHbl Ha 3akarte
N HOYbIO.

MonoxeHune ycrnoBHou rpanuubl mexay 31 n MJ1
B TEYEHUe CYTOK U3MEHANOCh Ha 2—-3 M NO BepTuKa-
nn, B TO BpeMsi Kak rpaHuua mexay MJT u T 6bina
bonee ctabunbHa 1 octaBanacb Ha rnybuHe 22-23
M (Puc. 1). B 3J1 n MJ1 Habnioganocb CHuxeHue
TemnepaTypbl Bogbl, Hanbonee 3ameTHoe B MJ1, roe
yMeHbLUanach 1 KoOHUeHTpauus kucnopoga. uHamu-
Ka OTMEYEHHbIX XapaKTepUCTUK He UMEET CYyTOYHON
UMKITUYHOCTKN, €e Hemnb3si OObSACHUTb OCTbiBaHWMEM
BOAHOW NOBEPXHOCTU B HOYHblE 4Yackl. [laHHoe Ha-
bniogeHne KOCBEHHO YKa3blBaeT Ha Hanuyue ropwu-
30HTaNbHOMo NepeHoca BOAHbIX Macc (TevyeHus), Ko-
Topoe Hanbonee MHTeHcUBHO naet B MJT.

B 3N mMuHumaneHas uicneHHocTb Bl obHapy-
XeHa Ha paccBeTe, B MJ1 — Houblo M Ha pacceeTe, B
M1 — AHeM 1 HOYbIO, a ee yBennyeHne Bo BCEM CTOI-
6e Boabl Habnoganoch Ha 3akate (Tabn. 1). O6bem
KneTok n buomacca GakTepuii BO BCEX CIOSIX BOAbI
AocTurany MUHMMYMa HOYbl, a Makcumym B OJ1 u
MJ1 otmeudeH gHem, B [T1 — Ha 3akaTe n pacceeTe.

Hanbonee BbiCOKME KONMYECTBEHHbIE MOKa3aTenm
MH® B 3J1 u MJT pernctpupoBanuck Ha 3akate 1 Ho-
Ybto, B 11 — Houbto 1 gHem (Tabn. 1). OcHoBy YncneH-
HOCTU B 3TO BPEMS COCTaBNsAnu dnarennsatsl pa3me-
poM 2 5 MkM. MuHMManbHasi YicneHHoCTb 1 bromacca
M'H® B 3J1 o6HapyxeHbl Ha pacceete, B MJT — aHewMm, a
B [T1 HanbonbLLee cokpalleHne YUCIEHHOCTN Habnto-
janocb gHeM, 6uomaccel — Ha paccBeTe. CHwbkeHne
obvema knetok dnarennat B AJ1 3adukcMpoBaHo
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Ta6n. 1. YncnenHocTb (N), 06bem (V), 6uomacca (B) 6aktepuonnaHktoHa (bIM) u retepotpodHbix HaHodnarennsT (THP).
bl MHo
Bpems
Groc N V. B N, v, B <Sww 25 M
103 kn/mn - mkm3 Mmr/m3 103 kn/mn MKM?® mr/im® % B.% N. % B %
icl)
3akar 5341 0.15 775 961 95.1 914 33.3 16.9 66.7 83.1
Houb 5027 0.12 624 1068 61.9 66.1 30.0 17.4 70.0 82.6
Pacceet 4595 0.17 786 420 63.0 26.5 50.0 16.8 50.0 83.2
[eHb 5027 0.28 1389 961 51.5 49.5 66.7 39.0 33.3 61.1
MI
3akar 5341 0.14 751 1410 104.2 146.8 27.3 13.3 72.7 86.7
Houb 4280 0.14 605 1495 514 76.9 78.6 48.8 21.4 51.2
Pacceet 4241 0.18 774 1175 62.3 73.2 63.6 25.7 36.4 74.3
[eHb 5184 0.20 1022 961 57.6 55.4 55.6 41.6 44 4 58.4
m
3akart 8090 0.22 1778 534 58.9 314 60.0 60.1 40.0 39.9
Houb 5851 0.12 731 748 66.0 49.3 571 34.4 42.9 65.6
Pacceet 6676 0.24 1624 540 43.9 23.7 67.8 51.9 17.0 32.9
[eHb 5144 0.19 963 427 122.5 52.3 0.0 0.0 100.0 100.0
A B C D
0 10 20 0 10 20 0 10 20 0 10 20
= ] 1 I L
2 == — = : =
] ‘,5 ] ’M.T[ 7:I ’MI[ 7:I ’MH 7::_,._I 'MH
20 20 § 20 ::| 20 :
] [T ; [ I ] [T 1 A
30 ] . - 300 ‘ - 30 ] ‘ - 30] , -
0 25 50 0 25 50 0 25 50 0 25 50
%
---------- 1 ——2

Pwuc. 1. BepTukanbHoe pacnpegeneHue pbib Ha 3akate (A), Houbto (B), Ha pacceete (C), aHem (D) B anu- (31), meTa- (MI1) u rumonMmHnoHe
(F1N). Mo BepxHeit ocu abeumce: 1 — KOHUEHTpaLMS pacTBOPEHHOTO KUCNOPOAa, Mr/f; 2 — Temnepatypa Bofbl, °C; Mo HkHen ocu abeumcc:
OTHOCHTErbHas YNCNEHHOCTb pblb, %.
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OHewm, B MJT — gHem un Houbto, B [T1 — Ha pacceete. Kak
npaBuIo, B 3TO BpeMsl Habntoganack MakcumarbHas
4onsi MmenkopasmepHbix (< 5 Mkm) cbopm B 0bLLEel Ync-
neHHocTtun 1 6nomacce M'HO.

B cocraBe 3I1 obHapyxeHo 7 BuaoB Rotifera
(Euchlanis dilatata Ehrenberg, 1832; E. lyra Hudson,
1886; Filinia terminalis (Plate, 1886); Hexarthra mira
(Hudson, 1871); Keratella quadrata (Muller, 1786);
Polyarthra longiremis Carlin, 1943; Synchaeta pecti-
nata Ehrenberg, 1832), 4 — Copepoda (Cyclops abys-
sorum Sars, 1863; Diacyclops bicuspidatus (Claus,
1857); Acanthodiaptomus denticornis Wierzejski,
1887; Arctodiaptomus (Rhabdodiaptomus) bacillifer
(Koelbel, 1885)), 3 — Cladocera (Daphnia hyalina;
Diaphanosoma lacustris Kofinek, 1981; Leydigia ley-
digii (Schodler, 1863)). Yucno Buaos B npobe B Teye-
HWe CYTOK BapbUpOBano He3HauYuTeribHO, Npu 3TOM
B HambonbLUel cTeneHn oHo nameHsinock B MJ1 u 1
(Cv=22.8122.0 cOOTBETCTBEHHO), B HAUMEHbLUEN —
B 3N (Cv =9.1) (Tabn. 2). JHeM 1 Ha 3akaTe MaKcu-
MarbHOEe YMCro BUAOB OOHapyeHo B OJ1, HOYbIO — B
3J1 n MJ1, Ha pacceete — B MJ1 u T1. B 3J1 ocHoBy
yucra BMAOB BCerga coctaBnsanu konospatku, B8 MI
OHW npeobnaganu Ha 3akate M Ho4Ybl, AHEM OOMNS
BWAOB BCEX TAKCOHOMMYECKMX Tpynn Obifna ogMHako-
BOW, a Ha BOCXOJe MEepBEHCTBOBANM KONoOBpaTku U
BecrnoHorne pakoobpasHeie. B [Tl gHeM 1 Ha Bocxoge
OCHOBY uucrna BMAOB Takke coctaBnanu Rotifera, Ha
3akate — Rotifera u Copepoda, a Houbto oons BUAOB
BCEX rpynn Obina paBHOMN.

Hanbonblias uicneHHocTb 3I1 Ha 3akaTe U HOYbHO
Habntoganace B [T1; gHeM pasnuuus Obinu Hecylue-
CTBEHHbIMW, OJHAKO HauMeHbLLas BenuyMHa 3aperu-
ctpupoBaHa B MJ1, a Ha pacceeTe — B [T1 (Tabn. 2).
MuHUManbHbLI guanasoH KonebaHwui 4YMCreHHOCTU
B TeyeHue cyTok Habmiogancs B 31 (B cpegHem B
1.2 pa3sa; Cv = 16.4), makcumanbsHbii — B [J1 (B cpen-
Hem B 1.8 pa3a; Cv = 31.5), Bce 3aMeTHble U3MEHEHUS
NPOUCXOAMIN Ha 3akaTe N Houbto, Npuyem B MJT n 1
NNOTHOCTb Bo3pacTana, a B 3f1 — cHwxanacb. OCHOBY
uncneHHoctn B OJ1 coctaensanu Copepoda, nuilb Ha
Bocxoge — Cladocera, koTopble npeobnaganu 8 MJ1 Ha
3akarte 1 Houblo, a B [T1 — Ha npoTskeHMU Bcero Bpe-
MeHu HabnogeHun (Tabn. 2). Cpean OMUHUPYHOLLMX
BMOOB BO BCEX CIOSIX CTONGa BOAbl HA MPOTSHKEHUU
CyTOK OTMeueHbl Keratella quadrata (3a ncknodeHnem
AHeBHoro BpemeHu B [J1) u Daphnia hyalina (kpome
3J1 gHem, Ha 3akaTe u Ha paccserte), npuyem B [T ee
gonsi B oOLlen 4MCreHHOCTM Obina MakcumarbHOM
(Tabn. 3). Diaphanosoma lacustris B Te4eHne CyToK
aomuHupoBana B OJf1, B MJ1 — Houblo 1 Ha paccseTe,
B [T — Ha 3akaTe u pacceeTte, Hanbonbllas ee Aons
B 0bwen uncneHHoctn 3l 6bina xapaktepHa anst AJ1.
Haynnuycbl Calanoida oGHapyeHbl B cOCTaBe AOMM-
HaHTOB Nk B 3J1, a Takke B MJ1 gHeM 1 Ha paccaeTe.
HaunmeHbLuee cxoacTBO MeXAy AOMUHUPYIOWMMY BU-
aamun B 31 n MJT 3achmkcupoBaHo Ha 3akate — 21.7%,
B OCTanbHOe BpeMsi CyTOK OHO BapbupoBano B npe-

aenax 32.9-44.6%. Mexay cnoamu MJT n TTT MuHK-
MarnbHOe CXOACTBO [OOMWHAHTOB TaKke OTMEYeHO
aHem (29.2%), makcumansHoe — Ha 3akate (56.0%),
B OocTanbHoe Bpemsi oHO cocTaensano 43.3 n 48.4%.
[Hem oTcyTCTBOBaNM OOMUHUpYHOLWME BUAbI, obine
ans cnoes OJ1 n IT1, ogHako Ha 3akaTe CXOACTBO BO3-
pactano o 33.6%, a B ocTanbHOe BpeMsi CyTOK OHO
cocTaensno 16.2 (Houbto) n 23.7% (Ha Bocxoae).

Hanbonbwasa 6Guomacca 3[1 B TeueHue CyToOK
peructpuposanacs B [Tl, MuHumanbHas — B 3Jl
(Tabn. 2). KonebaHuns 6uomaccel B 3J1 Gbinn Hecy-
wecTBeHHbIMK (B cpefHem B 1.1 pa3a; Cv = 9.8), B
MJT oHM Gbinn Gonee BbIpaXXEHHbIMU (B CPEOHEM B
1.6 pa3sa; Cv = 33.6), a B [Tl — MmakcumanbHbIMK (B
cpenHeMm B 2 pa3sa; Cv = 42.7). B MJ1 n Il yBenuye-
Hue Buomacchl Habnoganocb Ha 3akare M HOYbiO 3a
CYET pakoobpasHbIX, @ MUHUMarbHbIE BEMUYMHBLI OT-
MeyeHbl gHem. MNpeobnaganu Cladocera, 6uomacca
KOTOpbIX BO BCEM CTONGe BOAbl CHWXanacb gHeM, a
MakcumarnbHble BenuunHbl B JJ1 3aduKcnpoBaHbl Ha
3akare v paccaeTe, B MJ1u [Tl — Houbto (Tabn. 2). Hau-
6onbluas Guomacca Copepoda B 3J1 oTMeyeHa OHEM,
B MJ1 — Ha paccBeTe, a B [Tl — HOYbIO; HAMMeHbLUNE
3HadeHust Habntoganuck B A1 Ha pacceete, B M1 u
Tl — oHem. Bo Bcex cnosix n B noboe Bpemsi CyTOK
aomuHunpoBana Daphnia hyalina, Hanbonblas gons
KoTopoWn Bcerga otmedanack B MJ1 u 11, a MuHumans-
Has — B OJ1, ocobeHHo aHem (Tabn. 3). Diaphanosoma
lacustris poMmuHMpoBana nuwb B 3J1 (3a UCKNYEHN-
€M BpeMeHM Ha 3akaTe), npuyem Haubornblias gons
otmedeHa gHem. Cpean Copepoda B coctaBe AOMU-
HaHTOB oTMeudeHbl Arctodiaptomus bacillifer — gpHem 1
Houblo B 3J1, a Takke Cyclops abyssorum — aHem B 3J1
n MJ1, Ha pacceeTe — B MJ1. lNockonbky cpean ooMu-
HUpYOLLMX No BMomacce BUOOB NPaKTUYECKM BO BCEX
npobax npucytctBoBana Daphnia hyalina, vHOekcol
CXO[CTBa JOMUHAHTOB MEXY pasHbIMU CROsSIMU BOAbI
OTNNYarTCA BbICOKUMU BenuunHamu — 63.0-86.6%.
OpnHako B AHEBHOE BPeMS B CBA3W CO 3HAYUTENbHbIM
cHwkeHnem gonn D. hyalina B 3J1 nHaekc cxodcTea ¢
MJ1 coctaensn 24.7%, ¢ 11— 13.9%.

MakcumanbHas CUM opraHnsmos 31 B TeueHune
cyToK Habntoganacb B [T1, roe HavMeHblune Benu-
YMHbI OTMEYEeHbl OHEM, HanbonblUMe — Ha paccBeTe
(Puc. 2A). B MJ1 MMHMUManbeHble 3HadYeHus 3aperu-
CTPMpOBaHbl IHEM U Ha paccBeTe, MakCMMarnbHble —
Ha 3akaTe. B 3J1 BapbupoBaHue nokasartensi Obino
HeBblcokuM (Cv = 14.1, B To Bpem4 kak B MJ1 — 27 .4,
B 11 — 23.7), HaMMeHbLIas BenuMyMHa oTMeYeHa Ha
Bocxoge. 3HaunTenbHble konebaHuna CYM ocHoBHO-
ro AfomuHupytowlero Buaa — D. hyalina — oGHapy»eHbl
B OJ1 (Cv = 50.3), rae AHEM M HOYbIO OHa CHUXarnach,
a Ha 3akaTe n Ha paccseTe — Bo3pacTana (Puc. 2B).
B 11 B nepuoa oT AHEBHOrO BpEMEHU CYTOK A0 pac-
ceeta CMIM padHum yBennumsanack (Cv = 36.4) u
Ha paccBeTe gocturana 6onee BbICOKMX 3HAYEHUN,
Yyem B apyrux cnosx. B MJ1 sennumHsl CUM gacHum
konebanucb He3HaumTenbHo (Cv = 18.1) npu Makcu-
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Ta6n. 2. Yucno BMAOOB, YNCTIEHHOCTb, 6uomacca n [0N1A TaKCOHOMUYECKMX rpynn 300MJ1aHKTOHA.
YucneHHoCTb,
. Bpews Yucno snoos TBIC. 3K3./M? Buomacca, mr/m?®
okasarernb CVTOK
y an MI m ol M m o M m
3akart 50.0 42.9 375 26.8 27.3 26.5 1.0 0.3 0.3
Houb 444 44 .4 33.3 17.0 241 20.3 0.7 04 0.2
Rotifera, %
Pacceetr 55.6 40.0 40.0 257 28.8 17.0 1.3 0.6 0.3
[eHb 50.0 33.3 50.0 31.2 15.2 8.3 1.1 0.3 0.1
3akart 30.0 28.6 375 50.9 304 194 17.0 12.1 8.1
Houb 33.3 33.3 33.3 43.1 33.9 30.6 25.9 7.4 13.9
Copepoda,
o)
o Pacceer 22.2 40.0 30.0 32.9 40.8 304 12.9 215 11.7
[eHb 25.0 33.3 33.3 44.6 49.2 23.9 40.0 15.0 14.4
3akaTt 20.0 28.6 25.0 22.3 42.3 54.1 82.0 87.6 91.6
Houb 22.2 22.2 33.3 39.9 42.0 491 73.3 92.3 85.9
Cladocera,
0,
o Pacceer 22.2 20.0 30.0 414 304 52.6 85.8 77.9 88.0
[eHb 25.0 33.3 33.3 24.2 35.6 67.8 58.8 84.6 85.5
3akaTt 10 7 8 23.9 19.4 30.3 586.1 1244.3 2057.5
Houb 9 9 6 18.2 30.8 41.6 465.2 1684.7 3160.6
O6buwee
PacceeTt 9 10 10 27.5 27.8 20.7 516.3 1034.2 1723.8
[eHb 8 6 7 24.0 19.9 24.2 500.4 7449 1109.5

MyMe Ha 3aKkaTe U HOYbl, MUHUMYME — AHEM U Ha
pacceete. CUUM Diaphanosoma lacustris B 3J1 Takke
XapakTepusoBanacb BbICOKOM CTeneHbl Bapuauuu
(Cv = 92.2); pHeMm bblna oTMeyeHa HambonbLlas Be-
nnynHa, 3aTeM OHa Pes3KO CHWXanacb 40 MEeHbLUUX,
4yeM B Apyrux crosix, sennuuH (Puc. 2C). B M1 u
M vHaMBuayanbHaa mMacca guvadaHOCOMbl Bapbu-
poBana B MeHbluen cteneHu (Cv = 39.6 n 23.6 co-
OTBETCTBEHHO), B IT1 oHa Gbina HWXe, NULWb HOYbLIO
pasnunuusa otcytcToBann. CUM Cyclops abyssorum
B Haubornbllen cTeneHn BapbupoBana Ttakke B IJl
(Cv=179.8, B T0 Bpems kak B MJ1—32.9, B [T1 — 47.9),
€e MakcuManbHble 3HaYeHUs OHeM npeBbilanu Ta-
kosble B MJT 1 1 (Puc. 2D). Ha 3akate v Houbto B 3J1
WHOuBMAyanbHasi Macca LIMKMOMNOB CHUXanachk, a Ha
BOCXO€ HEe3Ha4YUTENbHO YyBENu4YMBanacb, Ho Obina
Huxe, yem B MJ1 u IT1, roe HanbonbluMe BENUYUHBI
obHapyxeHbl Ha Bocxoge. CUM Arctodiaptomus

bacillifer B 3J1 Takke oTnmMyanach 6onbLuen cTeneHbo
BapbupoBaHus (Cv = 57.1), yem B MJ1 (Cv = 18.6) n
B [Tl (Cv = 34.1) npn makcumyme gHEM U MUHUMYME
Ha 3akaTte (Puc. 2E). B MJ1 Hanbonbliasi Benu4ymHa
CUM apkToguantoMycoB 3apermctpupoBaHa Ha 3a-
KaTe, HOYbID OHa CHWXanacb, a Ha BOCXO4e BHOBb
nosbiwanack. B 11 Mmakcumym Habnogancs Houbio,
B OCTanbHOe BPEMS pasnuumsi ObINM He3HauuTenb-
HbIMW NPU MUHUMYMe Ha 3akaTe. CUIM 10BEHUMbHbIX
Copepoda B 3J1 otnnyanacb MMHMMarbHbIM Bapbu-
poBaHuem (Cv = 20.6), 8 MI1 u 11 oHa Gbina He3Ha-
yntensHo Bbiwe (Cv = 36.8 n 36.5 COOTBETCTBEHHO).
Ha 3akate B 3J1 u 1], Ha BOoCcxoae v Houbto B MJ1 nH-
amBuayanbHasi Macca HaynnuMycoB M KonenoguToB
coKpaluanacb; Ha 3akaTte B MJ1, Houbto B OJT 1 1 n
Ha Bocxoge B [T1 — Bospactana (Puc. 2F).

CpegHas NNOTHOCTb MPOCTPaAHCTBEHHOIO pac-
npepeneHus pblb, paccyMTaHHas no BCeMy BOAHOMY
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Puc. 2. CpegHsas uHauBuayanbHas macca 3oonnaHktepa: A — ans Bcex Buaos; B — Daphnia hyalina, C — Diaphanosoma lacustris, D —
Cyclops abyssorum, E — Arctodiaptomus bacillifer, F — toBeHunbHbix Copepoda Ha 3akate (1), Houbto (II), Ha pacceerte (lll), gHem (IV) B

anu- (3I), meta- (MI1) n runonumHunoHe ().

ctonby, nsameHsnacb B TedeHne cyTok. Makcumarns-
HOEe 3HayeHue 3aperncTpmpoBaHO HOYbI, MUHU-
ManbHOe — AHEeM, Korfa MMOTHOCTb, BEPOSTHO, B
pesynbrate ropusoHTanbHbIX MUrpauuin B CMEXHble
yyacTku Bogoema, cHuaunacb B 18 pa3 (Tabn. 4).
Pbiba npegnountana MJ1, rge B pa3Hoe BpeMsi CyTOK
KoHLeHTpupoBanock 89—-100% ckonneHuns. Ha 3aka-
Te MakcumanbHasi KOHUEeHTpauus pblb obHapyxeHa
Ha rmybuHe 18 m, roe TemnepaTtypa BoAbl COCTaBnsna
15.4 °C; B 3J1 u 1 pbiba otcytcTBoBana (Puc. 1A).
Houbto pacnpegenexue pbib B npegenax MJ1 ctano
bonee paBHOMEPHbLIM, MaKCMMYM TMIIOTHOCTU CKO-
nneHus onycTuncsa Ha rmyouHy 19 M, Temnepatypa
BoAbl Ha koTtopoun coctaensana 11.6 °C. MeHee 1%
CKOMNIEHUS permcTpupoBanocb B HWXHeM crioe 31,
HenocpeacTBeHHO Ha rpaHuue ¢ MI1; B 1 onyctu-
nock 10% ckonneHws, raoe paBHOMEpPHO pacnpenenu-
nocs ot rpaHuusl ¢ MJ1 4o aHa, HECMOTPS Ha HU3Koe
cogepxaHue kucriopoga, pasHoe 3.0-3.1 mr/n npwu
Temnepatype 6.9 °C (puc. 1B). Ha pacceeTe pbiba B
71 oTcyTCcTBOBaNa ¥ pacnpegensack No BCen BbICO-
Te MJ1, doopMmpyst MakcMmym NAOTHOCTW Ha rnybuHe
18 m npu Temnepatype 17.2 °C. B HuxHMe n cpen-

Hue cnowu 3J1, roe Temnepatypa gocturana 20.8 °C,
nogHumanock 7% ckonnexus (Puc. 1C). Hem okono
95% ckonneHus 6bino cocpegotodeHo B MJ1, makcu-
MyM Habrntogancs Ha rmyouHe 17 m npy Temneparype
16.3 °C. B I']1 3apernctpuposaHo meHee 1% pblb, a B
OJ1 — meHee 5% (Puc. 1D).

O6cy)xaeHue pe3yibTaToB

MpoBeaeHHble B utone 2019 r. uccnepoBaHus
nokasanu HexapakTepHoe ansg o3. CeBaH BepTUkanb-
Hoe pacnpegernenune 3l B TedyeHne cyTok. B nepsyto
ovepeab obpawiatoT Ha cebs BHUMaHWe MUHUMAaIb-
Hble 3HadyeHuss 6uomacchl B OJ1 Npyu MakcuUmarnbHbIX
BenuuunHax B [JI, a Takke OTHOCUTEMbHO HU3KUE
nokasarenu 4YmucrieHHocTn coobulectea. lMpu aToMm
NPeAnoChINKM K TaKoMy pacnpeieneHnio Co CTOPOHbI
abuoTmyeckux hakTopoB OTCYTCTBOBamnu: Temnepa-
Typa BOAbl 1 CoAepXaHue B Hel paCTBOPEHHOIO KUC-
nopopaa B 11 He oTBeyanu onTUManbHbLIM YCNOBUSIM
ans passutns 3r1.

OpHon 13 npuyunH cneundmnyHOro pacnpegerne-
Hust 3 MOXeT ObITb BnusiHME pbib, BEPTUKANbHOE
pacnpefeneHue KoTopbIX Takke XxapakTepmnsoBanocb
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Ta6n. 3. CoctaB n A0149 AOMUHMNPYHOLWKX MO YUCNEHHOCTU N 6uomacce OpraHM3mMoB 300MJ1IaHKTOHAa.
3akar Houb Bocxon [eHb
TakcoH
an Mn m aJl  MN m o MNn m N Mn M
[ons no uncneHHocTtH, %
Keratella
quadrata 23.2 217 237 150 204 182 222 248 129 242 140 -
Daphnia
hyalina — 343 440 16.2 30.2 395 200 409 - 29.2 587
Diaphanosoma
lacustris 13.0 - 102 237 18 - 323 104 108 189 - -
Haynnuyceol
Calanoida 195 - - 16.2 - - 172 120 - 189 229 -
Haynnuycol _ _ _ _ _ _ _ _ _ _
Cyclopoida 14.9
[ons no 6uomacce, %
Daphnia
hyalina 76.1 86.6 89.0 63.0 89.1 84.1 667 73.8 846 139 836 826
Diaphanosoma _ _ _ 104 — _ 193 - _ 449 - _
lacustris : : )
Cyclops
abyssorum - - - - - - 134 - 144 108 -
Arctodiaptomus
bacillifer - - - B3 - - - - 175 - -

Tabn. 4. MnoTHoCTb MpocTpaHcTBeHHOro pacnpegenernnsa (D) u oTtHocutenbHas yucrieHHocTe (N) pei6 B amu- (3f1), meta- (M),
runonumHuoHe (1) n no Bcemy cTonby Boabl B pa3HOE BPEMS! CYTOK.

3akar Houb Pacceet [eHb
T Deal oy Deel oy DEel oy Dol oy
an 0 0 90.9 0.8 552.6 7.0 30.8 4.3
M 1481.5 100 10091.4 89.2 7351.9 93.0 678.8 94.9
¥l 0 0 1134.3 10.0 0 0 5.5 0.8
Mo scemy 744 7 - 5130.7 3765.8 - 279.8 -

ctonby




108 ManuH, M.W. v gp., 2021. TpaHcgopmayust skocucmem 4 (3), 100-114.

pPsSiOOM HETUMUYHBIX OCOBEHHOCTEN, BO MHOMOM He
cornacymroLwmxcs ¢ npegblgywiumMn CBeAeHUsIMU No
03. CeBaH. Tak, paHee coobLlanocb, YTo cur npea-
nountaet M (Moaay6HbI n ManuHuH, 1988) 1 noku-
AaeT ero TONbKO B Cy4ae CHWKEHWUSI KOHLEHTpauum
kncnopoga o 1-5 mr/n (ManuHuHd n ap., 1984). lNo
HawuM HabnogeHusiM, He3aBUCMMO OT BPEMEHMU Cy-
TOK nogasnstoLlee 60NbLIMHCTBO CUrOB HAXOAWUTCS B
MJ1, npn atom B Ho4YHOe BpeMmsi Ao 10% ckonneHus
onyckaetca B [Tl, HECMOTPs Ha HU3Koe cogepXaHue
kncnopopga B atom cnoe — 3.0-3.1 mr/n.

Takke ykasblBanoco, 4to cur B 03. CeBaH coBep-
waet CBM (HouyHOW nogbem), NpeanonoXuTensHo,
Bcnep 3a obbektamu nutanusa (MogayoHbI n Manu-
HYH, 1988). B pe3synbraTte Hawwmux HabnwoaeHWn ycTa-
HOBNEHO, YTO B TeMHoe Bpems cyTok ~10% 4acTb
cKornneHusl, HaobopoT, coBepLuaeT NOrpyxeHue u3
MJ1 B IT1, a yacTnyHbI nogbem u3 MJ1 B 3J1 (7% cko-
nneHus) pernctpupyertcs Ha paccseeTte (Puc. 1B, 1C).

N3brnpaemble TemnepaTypbl, O KOTOPbIX MOXHO
cyouTb no rnybuHe opMypoBaHUsA MakcMMarbHOM
NMOTHOCTY pbIb, TakkKe BbIXOAAT 3a Npeaensl Anana-
30HOB, YKa3biBaeMblx paHee: 4-9 °C B Manom Ce-
BaHe n 5-7 °C B bonbwom CeaHe (Mopay6HbIN U
ManuHuH, 1988). Hamu xxe oTMe4eHo, 4To 3HadYeHue
TemnepaTypbl cpefbl, npegnountaemoe OONbLUMH-
CTBOM CKOMIEHUS, U3MEHSETCH B TEYEHNE CYTOK U
He nonagaeT B 3TW Anana3oHbl: Hanbornee xonoaHble
Bogbl (11.6 °C) cur npegnovMTaeT HoYblo, a caMble
Tennele (17.2 °C) — Ha paccBeTe, Korga 4acTb CKO-
nneHuns nogHumaeTtcs B OJ1, gocTurasi rmyOuHbl 7 M U
Temnepatypbl 20.8 °C (Puc. 1).

B 1o e Bpems Habnogaemas KapTvHa pacnpe-
AeneHus cura oObACHMMA C NO3MLMIA KOHLEMLUN U3-
BupaHnsa aHepreTMYeckn ONTUMarbHOWM TemnepaTypbl
cpefnbl B yCNOBUSX ee reTepoTepMarbHOCTH, Npeana-
raeMon psaom aBTopoB. [py HU3KMX TemnepaTypax
B 71 0OMeHHbIe Npouecchl 3aMeansitoTCs, YTo oTpa-
XaeTcs He ToMNbKO Ha ANUTENbHOCTU NepeBapuBaHns
MULLK, HO U Ha SHEepreTUyYecknx NoTpebHOCTAX pblb
B uenom (Kpornyc, 1974; Mogay6Hbii 1 ManuHuH,
1988). CnepoBarenbHo, B 1980-e rr. cur n3bupan xo-
nogHoBoAHbIn 1, BEpOATHO, NO NpuynHe geduunta
KOPMOBBIX PECypCcoB, NOCKOSbKY YNCNEHHOCTb €ro B
Te roapl OGbina 3Ha4YMTENbHO Bbille coBpemeHHou (Ma-
6puensH, 2010).

B HacTosilee Bpems nuwb Hebomnbluas 4acTb
cura murpupyet B [J1, n TONMbKO B HOYHOE BpEMS.
Hanbonee BeposATHO, YTO 3TO NPOMCXOAMT ANsA 3a-
MeaneHns metabonuama v 3KOHOMUK 3Heprun. Hus-
Koe copepxaHue kucnopoga B [Tl He numuTUpyeT
3TU NepeMeLLeHUsl, NOCKOMbKYy NOTPeBHOCTb B HeM
B pesynbrate 3amennieHnsi o6MeHHbIX MpoLEecCoB,
BEPOSATHO, TaKKe CHwxaeTca. B HouyHoe Bpems cur
npakTnyeckn He nutaetcsa (Mogay6bHbIn 1 ManuHuH,
1988), aTUM MOXHO OOBSCHUTb BbICOKYI YUCMEH-
HocTb 3I1 B IT1. Noabem yactu ckonnennsa ns MJ1 B
OJ1, HabniogaemMbIn Ha paccBeTe, BEPOSITHO, Takke

CBsI3aH C npekpalleHmem notpednexus 3l B TemHoe
BPEMSI CYTOK M OOYCNOBMEH 3HAYMTENbHbLIM MOBbI-
LUEHNEM UHTEHCUBHOCTU NUTAHNSI B YTPEHHME Yachbl.
MpegnonoxutensHo, Ha 3akaTe, MO OOCTWMXKEHWUU
YPOBHSI OCBELLEHHOCTW BOLHOWM TOSLLUM, CXOOHOMO C
TaKoBbIM BO BpeEMS paccBeTa, MPOWCXOAUT aHaro-
rMYHOE NOBbILIEHWE WHTEHCUBHOCTU MUTAHWUS cura,
conpoBoXaatuleeca 4Yactu4yHon mwurpaumen B OJl,
He 3aperncTpupoBaHHOE B LAHHOM WCCIELOBaHUMN.
MopobHoe noBegeHMe OTMEYEHO Yy €eBPOMeVCKow
panywkun (Coregonus albula (Linnaeus, 1758)) B
03. lNneweeBo (Apocnasckas 0brn.) No pesynsratam
COOCTBEHHbIX U Oonee paHHMX HabntogeHun (Moa-
AyOHbIN 1 ManuHuH, 1988).

AHanu3 npocTpaHCTBEHHO-BPEMEHHbLIX U3MeHe-
HWUIA NIIOTHOCTU pbI6 B 3J1 NoKasbIBaET, YTO BO BpeMS
MX MaKkcuMarbHOW NNoTHOCTK (Ha pacceete, Tabn. 4)
ans psiga xapaktepuctuk 3 Obinn oTMeyeHsbl 6onee
BbICOKME MOKa3aHusl, YeM B NMEPUOL OTCYTCTBUS pPblD
(Ha 3akaTe) — obuwasi uicneHHocTb 31, YNCNEHHOCTb
Cladocera, uucneHHocTb M 6uomacca Diaphanosoma
lacustris, Arctodiaptomus bacillifer. OgHoBpeMeHHO
npv HanbonbLUel NNOTHOCTU pbld OOHAPYXXEHO CHU-
XeHne 4ucneHHocTn n buomaccel Copepoda, Guo-
maccol Cladocera, o6uwen 6uomaccel 3I1, Guomacchl
n cpegHen nHaneuayansHom Maccel Daphnia hyalina
(Tabn. 2, Puc. 2). B MJ1uucneHHocTb n 6uomacca Tak-
coHomuyeckux rpynn 3I1, D. hyalina, Diaphanosoma
lacustris, a Takke WX WHAMBMAyarlbHasi mMacca npu
MaKCUMarbHOW MIIOTHOCTU pbi® OblNKN BbIWE, YEM
npu MuHUMansHow (Tabn. 2, Puc. 2). B 11 npn mak-
CYMarnbHOM NIOTHOCTY pbIb Takke 0OHapYXeHbl Han-
6onbluMe YmcneHHocTe U Buomacca 3I1, JOMUHMPY-
OLLMX pakoobpasHbIX, @ CPefHss UHAMBUAyansHas
macca Daphnia hyalina, Diaphanosoma lacustris v
Cyclops abyssorum B 3TOT nepuwopg ycTtynana nuilb
3Ha4yeHusM Ha pacceeTe (Tabn. 2, Puc. 2). Cnenosa-
TenbHo, Tonbko B AJ1, rae 6onbLuyio YacTb BPEMEHM
NMOTHOCTb PbIG N KONMNYECTBEHHLIE XapaKTEPUCTUKU
3l ObIK MeHbLUe, YeM B ApYyrMx cnosix, Mbl Habnto-
Janu psia U3MEHEHUA KOMWYECTBEHHOrO CcoOcCTaBa
6eCcrno3BOHOYHbLIX, KOTOpble B Hay4YHOW nuTeparype
onpaBAaHHO OOBLACHSTCA BNUAHMEM NUTAHUS PbliO
(Hansson et al., 2007; Luecke et al., 1990; Mehner,
2000). OgHako B LenoM Ansi ctonba BoAbl 3aMeTHOro
BMUSIHUSE NPOCTPaHCTBEHHO-BPEMEHHLIX M3MEHEHUN
nnoTHocTu pblb Ha 3l He BbISABMEHO.

Bo3moxHO, 4TO NMOTHOCTL pbld Bo3pacTana ona-
rogaps Mx MurpauuMu B Criou, rge yBenuuuBanachb
yncneHHocTb 1 Guomacca 31, B nepByto odepeab 40-
MUHUPYIOLLNX pakoobpasHbIX, BCIEACTBUE NX CYTOY-
HbIX NepemelleHnii. I3BeCcTHO, YTO pakoobpasHble B
TeYeHne JHA npegnoyuntatoT Gonee rnybokune cnow,
a HOYbK MUTPUPYHOT B BEPXHUE, n3beras XULLHUKOB
(Field and Prepas, 1997; Ringelberg, 2010; Stich,
1989). OgHako, HeCMOTps Ha Hanbornee BbipaXxeHHoe
BapbMpoOBaHWe YncneHHocTn u Guomaccel 3I1 B 71
npy¥ MakCMMyMe Ha 3aKaTe MU HOYbLO, Mbl MOXEM CKa-
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3aTb, YTO B NepUoS HalwmMX HabnaeHWn oTCyTCTBO-
Banu kakne-nnbo YeTko BblpaXeHHbIE BEPTUKarbHbIE
nepemMeLLeHns OOMUHMPYIOLWMX BUAOB pakoobpas-
HbIX, YUCIEHHOCTb, BUoMacca, a Takke CpefHsst NH-
OuBMayanbHas mMacca KOTOpbIX U3MEHANUCb OfHO-
BPEMEHHO BO BCEX CMNOSAX BOAbl BHE 3aBUCUMOCTU OT
BPEMEHW CyTOK UNnn konebaHui NNoTHOCTU phbib.

B uenom Takasa kapTuHa He BMoOfHe cornacyer-
csl ¢ OONbLUMHCTBOM NUTEPATYPHBIX AAHHbIX, YKa3bl-
BalOLLMX Ha COXpaHEeHUe CYTOYHbIX MuUrpauum aaxe
B 6e3pblOHbIX ropHbix Bogoemax (Williamson et al.,
2001). OtcytctBne CBM nnaHKTOHHBIX >XMBOTHbIX
3apervcTpupoBaHo npuv runokcum B IT1, korga 6onb-
LLUMHCTBO >XMBOTHBLIX 06HapyxmBanock B 31 (Doubek
etal., 2018). A B 03. llakamac (CLLUA) He 6binm 3acbuk-
cvpoBaHbl CBM 300nnaHKTOHa, HO HEKOTopble Tak-
COHbl KOHLIEHTPMPOBANnuncb B CMOSAX C BblpaXeHHON
runokcmen (Nolan et al., 2019). C apyron CTOpPOHHbI,
nokasaHo, 4YTo oTAeNbHble BUAbI U rPynMbl NIaHKTOH-
HbIX >XUBOTHbIX B pasHbIX BogoemMax MOryT UMETb
pasHble xapaktepuctukn CBM (Mhapgpeiwes, 1990),
nposBnsasa cebst kak MurpaHTamu, Tak U HeMUrpaHTa-
MU. HekoTopble BUuabl MOTyT NepemMeLlaTbCs B npeae-
nax onpeaeneHHoro TepMMUYecKoro Cnos, Harnpumep,
Diaphanosoma mongolianum B 03. Nneweeso Mu-
rpupyeT B npegenax 3J1 (Zhdanova, 2018).

B 03. CeBaH oTHocuTensbHo kpynHas (0.8—1.6 mm)
Daphnia hyalina npegnouutana M n MJ1, a 6onee
menkas (0.8—-1.6 mm) Diaphanosoma lacustris Yawe
KoHueHTpupoBanack B JJ1 (Puc. 2, Tabn. 3). MNpuy-
POYEHHOCTb BMAOB K onpeaeneHHbIM CrosM BOOHOWM
TOMLWM OTMeYanu paHee B Apyrux sogoemax (Karpo-
wicz et al., 2020). B o3epax mybokoe (MockoBckas
06n.) u MneweeBo Daphnia cristata npnypoveHa K
M, D. galeata n D. hyalina — k MI1, Diaphanosoma
mongolianum v D. brachyurum- x 3J1 (XgaHoBa u
JNlazapesa, 2009; CronbyHoBa, 2006; Zhdanova,
2018). B yewckmx Bogoemax kaHbOHHOro Tuna Daph-
nia longispina n ee rMbpuael Yale JOMUHMPOBANK B
MIT n IT1 (Seda et al., 2007a). Ans D. galeata BbisiB-
NeHbl reHeTu4eckn auddepeHLMpoBaHHbIe cyonomny-
naumm, He nokupatowwme I (Seda et al., 2007b).

3HaunTenbHble pa3nuuns B pasmepax D. hyalina
n Diaphanosoma lacustris obycnoBnvBalT pasHyio
UNBETPALMOHHYI0O CMOCOBHOCTE U NULLEBLIE NPEL-
NoyYTeHUs1 aTUX BUOOB. M3BECTHO, YTO NpUCYTCTBUE
pbi® CTUMYNUpyeT pasBUTUE MUKPOUILTPATOPOB
(KopouuHckun, 2004). CnegoBatensHo, B 03. CeBaH
NPUCYTCTBUE CUra MOXKET MOSOXUTENBHO CKa3blBaTb-
CSl Ha BbDKMBaHUM U pasMHOXeHuu Diaphanosoma.
OTN OTHOCUTEMBHO MErKMEe 300MnaHKTePbl MEHbLLE
NOABEPXKEHbI BblefaHWo pbibamMu, B TO BPeEMsi Kak
CpaBHUTENbLHO KpynHble Daphnia 6onee ya3BUMbl.

N3ameHeHua 3T MoryT ObiTb 0BycnoBneHbl ro-
pPU3OHTarNbHbIM NEPEHOCOM OpPraHM3MoB TeYeHUeM
(Armengol et al., 2012). Kpome TOro, Hu3kue Konu-
YeCTBEHHbIE XapPaKTEPUCTMKN OBECNO3BOHOYHbLIX B
OJ1 moryT 6bITb CBsI3aHbl C TEM, YTO OCHOBHYHO LOSHO

nuwm pbibbl 4oOLIBANM MMEHHO 34eck BO BPeEMs 3a-
perncTpupoBaHHOrO YTPEHHEro 1 npegnonaraeMoro
BeyepHero nogbema us MJ1, o yem cBMOETENLCTBY-
eT MuHumanbHasg CYIM 300nnaHKTepoB B 3TO BpeMsi.
OpHako Haubonblias akTMBHOCTb pbid B OJ1 morna
nNpUXoamnTbCS Ha AHEBHOE BpeEMS, O YeM CBUAETENb-
CTBYIOT MWHMMarnbHble Ouomacca, gons B o6Lien
onomacce u CM ogHoro 13 npeanovmMtaemMbiX Kop-
MOBbIX OObEKTOB — AadHWMM, @ Takke OTCYTCTBME B
cnosix OJ1 u M obwux JOMUHMPYOLWNX BUAOB. Tem
He MeHee (bakT OHEBHOW akTMBHOCTU pbld B OJ1 He
Obln 3aperncTpypoBaH rMapoakycTMYECKon annapa-
TYpoW; ANg NoATBEPXKAEHMS UM ONPOBEPXKEHUS STO-
ro Tpebyetcst opraHn3aLms HENPEPbLIBHOW ChEMKW.

B IT1 pbibbl onyckanucb TOMbKO B TEMHOE BpeMSst
CYTOK, HECMOTPSl Ha HU3KOEe cofepXXaHue Tam KUCMo-
poAa, KOHLUEHTpaLusi KOTOPOro, OfHaKo, He siBNsinach
KpUTUYHOM M anst 6ecno3BOHOYHLIX. ViMeeTca psig
CBUOETENLCTB TOrO, YTO MPU YCrnoBuUM 0BecneYeHHo-
CTU NULLLEV NMNAHKTOHHbIE 6ECNO3BOHOYHbIE, B YAaCTHO-
CTW, npeacrasutenu pogoB Daphnia n Bosmina, mo-
ryT obuTtaTtb B HMXKHMX CNosix ctonba Bogbl gaxe npu
HU3KOM COoAepXaHUM KMUCNnopoda U UCMOonb3oBaTh UX
Kak pedpyrmymbl oT xuLHUKOB (Hanazato, 1992, 1995;
Sell, 1998; Vanderploeg et al., 2009). O 6oraTton Kop-
MoBow 6a3e 31 B [T1 cBUOETENLCTBYIOT TaKXKe AaHHbIE
no xnopodunny a, NonyyYeHHbIe, K COXaneHuto, Nuilib
B IHEBHOe BpeMms4. Tak, B JJ1 ero cpegHee KonmMyecTBo
coctasnsano 0.6 mkr/n, B MJ1—-0.4, a B 1 — 1.1. Xo-
poLuyto kopMoByto 6a3y 3oonnaHkTepoB B [T1 Takke
OEMOHCTPUPYIOT AaHHbIE O KONMMYECTBEHHOM COCTaBe
Bl n MH® (Tabn. 1). CpegHecyTOYHblE YNCIIEHHOCTb
n 6uomacca Gakrepun B 11 6binmn GonbLue, Yem B 3J1
n MJ1. O6HapyxeHo, 4To Bromacca Bl cokpallanach
NPV yBENUHYEHUN YMCNEHHOCTU 1 Bromacesl MHO (rg =
-0.63 1 -0.62, p < 0.05), cpegHWe YMcneHHocTb 1 Gro-
mMacca kotopbIx B [T1 Obinn MeHbLue, Yem B 3J1 n MJ1.
BeposaTHO, 9TO CBA3aHO C KOHTPOreM UX KOnu4ecTsa
€O cTopoHbl 3I1, Ha YTO yKa3blBaeT NOMOXUTEMbHAs
Koppensums Mexgy ouomaccor 6ecno3BOHOYHbIX U
umncneHHocTbto Bl (rg = 0.58, p < 0.05).

Mpennonaraemble HaMW NPOLIECCHI FOPU3OHTamMb-
Horo nepeHoca 3l Te4eHUsIMU U ropU3oHTarnbHbIE MU-
rpauum cura, KOTopbIMM MOXXHO OGBbSICHUTL HEKOTOPbIE
3MNeMEHTbI AMHAMWKN HabnogaeMbiX XapaKTepUCTHUK,
camu no cebe He MOryT CcTaTb MPUYNHON BO3HUKHOBE-
HUS1 HETUNWNYHBIX YePT BEPTUKAINBHOIO pacnpeiernexms
paccmaTtpvBaemMblX rpynn rugpobUoHTOB. oCKOmbKY
OaHHble MNpoLecChbl NPOUCXOAAT B FOPU3OHTaNbHOM
HanpaBneHun, opraHM3mbl He nepepacnpesensTcs
mexay 3J1, MIT un T1. TopusoHTanbHbLIN NepeHoc BO-
OHbIX Macc M ropu3oHTanbHble Murpauum pelb urpa-
NV onpefeneHHyo porb 1 Ha Gonee paHHMX 3Tanax
CyLLECTBOBaHUS BodoeMma, B TOM Yucre korga Obinu
onucaHbl «TUNWYHbIE» NaTTepHbl pacnpeaeneHus 3l
1 pblb, 0QHAKO 3Ta porib He Obina usyyeHa.

Cyasa no Bcemy, B JaHHOM UccrneaoBaHUn Mbl Ha-
Gnoganu CyTOuHY OUHAMUKY PefKo BCTpevaemblX
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naTTepHOB BePTMKANbLHOro pacnpegeneHvs cura u
31, koTopble He ObiINM onucaHbl Ana 03. CeBaH pa-
Hee. Ha Bonpoc o npuynHax GoOpMUPOBaHUS ITUX
NaTTEPHOB MOXXHO OTBETUTbL PAOOM NPEANONIOXKEHUN,
KOTOpble pas3fendlTcs Ha ABe rpynnbl: B nepuoasl
bonee paHHMX HaOMOOEHWUA TakMe W3MEHEHUs] He
npoucxoaunu, UNn e nPoOUcxoaunuv, Ho He Obinu
3adukcupoBaHbl. B nepBom criyyae nposiBneHue
HOBbIX YepT BepTUKanbHOro pacrnpeneneHuns cpasy
y OBYX Ipynn rMgpobUOHTOB CBUAETENLCTBYET 06
N3MEHEHNAX 3JKOCUCTEMbl BogoeMa. WX npuymHon
MOTYT CIyXWTb MOBbILLIEHNE YPOBHS O3epa, 3Hauu-
TenbHble kKonebaHnst YNCIEHHOCTM cura, NepecTpom-
KM BMOOBOrO COCTaBa 300MMaHKTOHa, criyyanm mac-
COBOro passBuTus UTOMMNAHKTOHA, a TaKkke apyrve
sABNeHuns, npoucxogsuine B 03. CeBaH B nocnegHue
Aecatunetusa (Kpbinos v gp., 2019a, 2019b, 2021).
BeposaTHO Takke, 4TOo Habntogaemble naTTepHbl Xa-
pakTepHbl ans 3I1 u cura 03. CeBaH, ogHako He bbinu
3admKcMpoBaHbl 6ornee paHHMMU UCCNENOBaHUSIMMU,
MOCKOMbKY BO3HWKAIOT Npu onpeaeneHHoOM cTedeHnn
COObITUI U HOCAT HEMPOOOIMKUTENbHbLIA XapakTep.
CTOUT OTMETUTb, YTO NOAPOGHBLIE KOMMIIEKCHbIE UC-
CNnefoBaHUA CYTOYHOW AWHAMWUKUA BepTUKarbHOro
pacnpegeneHus rmapobrMoHTOB B JAHHOM Bogoeme
NpoBeAeHbI BrepBble. BbIsCHEHNE NCTUHHBLIX NPUYKH
Habntogaemoro siBneHus Tpebyer aanbHemwunx mc-
cnepoBaHui. YeenuyeHne obbema Belbopok MaTepu-
ana, cobupaemMoro no nNpegnoXeHHoN MeToanke, no-
3BOMMT MOMYyYUTb CTaTUCTUYeCKN Boree HagexHble
OLIEHKN UccrneayeMblX XapakTepUCTUK, OOHAKO Yxe
Ha AaHHOM onucaTenbHOM 3Tane MnofyYeHbl HOBble
cBeieHNs o NPOCTpaHCTBEHHOM pacnpeaeneHumn 3[1
1 cura B nepuog netHen ctpatudukaumm o3. CeeaH.

3akno4yeHue

MonyyeHHble B neTHU nepuog 2019 r. ceegeHus
0 HeTunu4HoM pacnpeneneHun 3I1 un cura B 03. CeBaH
[aloT BO3MOXHOCTb MO-HOBOMY B3rMsiHYTh Ha porb [T1
B 3KOCHCTEMaX CTpaTUULIMPOBaHHbIX BogoeMoB. B
M moxeT Habnopatbesa makcumym 6Guomaccsl 3[1,
npu 3TOM NnaHkTodpar, KoTopbIA, HECMOTPS Ha Hebna-
rONpUSTHbIE KUCIOPOAHbIE YCIOBUS, NEPUOONYECKN
murpupyert B [T1, He akcnnyaTupyeT NMeoLLUnCS Kop-
MOBOW pPecypc, a UCNomnb3yeT onTUMarnbHble C 3Hepre-
TMYECKOWN TOYKM 3pEeHUst TEPMUYECKME YCNOBUS cpeabl.

AHanun3 nonyyeHHbIX JaHHbIX NoKasan, YTo OLeH-
ka obLwenpuHSToro psaa akTopoB, onpeaensioLwmx
CYTOYHYIO AMHaMWKY BepTUKanbHOro pacnpenene-
Hua 3I1, a nmeHHo HabnogeHne CBM nnaHkTOHaA
Ha ¢oHe CBM notpebnsitowiero ero nnaHkrodara,
He MOXeT AaTb OAHO3HAYHOro 06bLACHEHUSA pe3yrb-
TATOB MCCreqoBaHUs. Y4yacTok 03epa, BblIOpaHHbIN
Ons HabnogeHui, SBNSIETCsl OTKPbITON CUCTEMOW, B
KOTOpPOW UAET HeMpepbIBHbLIA 0OMEH BOOHOM Maccom
C ocCTanbHOW 4acTbio Bogoema. [Mo aTton npuumHe
MEHSITCS rmapogunsnyeckne napameTpol cpeabl; 3a
CYEeT NacCUBHOMO nepeHoca NpoucxoamnT U3MeHeHne

31, koTopoe TpyaHo oTnnMunTh OT nocneacTeui CBM
unu notpebneHus nnaHkTogarom; pblbHble ckornne-
HUS CNOCOBOHbBI TOPU3OHTaNbHO MUTPUPOBATL B CMEX-
Hble y4YacTKn BoAoeMa 1 NPUXOAUTb U3 HUX, NpU4em
BCE 3TN U3MEHEHUS, BEPOSITHO, HE UMEIOT BblpaXXeH-
HOW CYTOYHOWN LUKITUYHOCTMW.
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Article

Unusual vertical distribution of zooplankton
and fish in the pelagic zone of Lake Sevan
during summer stratification

Mikhail I. Malin* , Svetlana M. Zhdanova , Dmitriy B.
Kosolapov , Inga P. Malina , Natalya G. Kosolapova |,
Rimma Z. Sabitova , Alexandr V. Krylov

1.D. Papanin Institute for Biology of Inland Waters, Russian Academy of Sciences, Borok 109, Nekouz District,
Yaroslavl Region, 152742 Russia

Abstract. Previous studies in Lake Sevan during summer stratification have shown that the highest zooplankton
abundance and biomass was found at the lower boundary of the epilimnion. At the same time, whitefish
(Coregonus lavaretus), being main planktivorous species in the lake, preferred the hypolimnion, but was leaving
this layer if dissolved oxygen concentrations decreased to 1-5 mg/L. The study was conducted in Bolshoy
Sevan (the southern part of Lake Sevan) on July 29-30, 2019. The vertical profiles of water temperature and
dissolved oxygen concentration, as well as distribution of major taxonomic groups of aquatic organisms were
assessed four times a day: in the dark (night time), in the light (day time), and in twilight (morning and evening).
Fish population density was assessed using a Simrad EK80 echosounder. Vertical distribution of zooplankton
and fish observed within the study period did not correspond to that described earlier. Maximal zooplankton
biomass during the study was recorded in the hypolimnion, and minimal biomass, in the epilimnion. Most
of fish (89—100%) located in the metalimnion. At night, about 10% of the fish population descended to the
hypolimnion, despite the low dissolved oxygen concentrations found there (3.0-3.1 mg/L). At dawn, about 7%
of the fish ascended to the epilimnion, reaching a 7-m depth, where the water temperature was 20.8 °C. The
water temperature range preferred by most fish individuals varied during the observation period and did not
correspond to previously reported ranges.

Keywords: bacterioplankton, heterotrophic nanoflagellates, whitefish, Coregonus lavaretus, epilimnion,
metalimnion, hypolimnion, migration.
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AHHomauus. lNMpoBedeH aHanua nuTaHus (N0 cocTaBy U OTHOCU-
TENbHOW 3HAYUMOCTU KOPMOBBIX OPraHU3MOB B MULLLEBOM KOMKE)
OByx BUAOB (chopMm) panyLukn: esponerickon Coregonus albula v
cubupckon C. sardinella, obuTatowmx B Bogoemax Poccum (Apoc-
naeckon, Bonoroackon, KanuHuHrpazckow, ApxaHrernbCKon Wu
MypmaHckon obnacten, AnTavickoro, HoBocmubupckoro, KpacHo-
apckoro kpas, Kapenuu, Komu, n Amano-HeHeukoro AO), ®uH-
nanguu, Weeunn, Hopeeruu, Jintebl u MNMonbwn. BeisBneHo, 4To
B OonblUMHCTBE 03ep OopearnbHOM 30HbI pAMNyLWKa — TUMUYHBLINA
3o0nnaHkTodar, a B ceBepHbIX BogoeMax EBpasum — aBpudpar co
3HauMmom gornen 6eHTocHbIX 6ecno3BoHOYHbIX B nuwe. Obe dop-
Mbl XapaKTepuaytTCs NULLEBON NITACTUYHOCTLIO, pa3Hoobpasmem
crnekTpa NUTaHUs 1 ero Ce30HHOM 1 NPOCTPAHCTBEHHON N3MEHYM-
BOCTbI0. Jkonoro-reorpadmyeckme ocobeHHOCTM 03ep onpeaens-
IOT coCcTaB N obunne KOPMOBLIX OpPraHM3MoB, hOPMUPYSA Takum
06pasomM 1 CNeKTp NUTAHUSA PAMYLLKK.

Kntovessie criosa: Coregonus, nutaHue pbid, Tpoduyeckme ces-
3U1, NNIAHKTOH, BeHTOC, NuLLEeBasa NNacTUYHOCTb, aBpudarus, npo-
OYKTUBHOCTb.

Ana yumuposarusi. CtpenbHukosa, A.MN., bepesuHa, H.A., 2021. PasHoobpasue nuweBoro cnekrpa psanyLiki B Bogoemax Espasun.
TpaHcghopmayus akocucmem 4 (3), 115—129. https://doi.org/10.23859/estr-210329

BBepeHue

curoBbix (nensab C. peled (Gmelin, 1789), a Takxe

Panywkn — ato curosble pbibbl poga Coregonus;
OTNNYalTCA OT APYrMx NpeactaBuTenen aToro poaa
6oMNbLUNM KONMUYECTBOM >KabepHbIX ThIYMHOK U BEPX-
HUM PTOM (HWXHSS YerntocTb ANnHHee BepxHen). Ta-
Koe CTpoeHue pTa XxapakTepHo Ansi pblb, NUTaloLmX-
CS B TOMLLE Y MOBEPXHOCTHLIX CIOSX BOAbl. PanyLuku
ABMSIOTCH BaXHbIMW KOMMOHEHTamMu OopeanbHbiX,
cybapKTNYECKUX U apKTUHECKMX BOAHbIX 3KOCUCTEM
Maneapktukn. EBponenckas psanywka Coregonus
albula (Linnaeus, 1758), cubupckas psanyLka
C. sardinella Valenciennes, 1847 n nBa gpyrux suaa

neHxuHcku omyne C. subautumnalis (Pallas, 1776))
onpepfeneHbl kak 3BOSMIOLMOHHO Hanbornee 6nuskue
TaKCOHbI; OHN DOPMUPYIOT eANHbIA KOMMIEKC BUOOB
(Coregonus sardinella komnnekc) (Politov, 2017).
EBponenckas panywika C. albula B Poccuun Hace-
nsieT MHOrouYncneHHble o3epa bacceltHoB banTuicko-
ro, bapeHuesa, benoro mopen 1 p. Bonru (boposuko-
Ba U Maxpos, 2012; PeweTtHukos, 1980). B oTKpbITbIX
nnecax PeibuHckoro BogoxpaHunuiya (p. Bonra) oHa
BCTpeYaeTCcsi NOBCEMECTHO, B HaryrbHbIX CKOMMEHU-
AX C OpYrMMW BMAaAMM nenarmdeckux pbib n mx mo-
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noau (tonbku Clupeonella cultriventris (Nordmann,
1840), cHeTka Osmerus eperlanus (Linnaeus, 1758),
cvHua Ballerus ballerus (Linnaeus, 1758), ykneu Al-
burnus alburnus (Linnaeus, 1758), yexoHn Pelecus
cultratus (Linnaeus, 1758) n okyHeBbIX pbl6) (Kusiwwu-
Ko n CnblHbko, 2003; MNMonoskosa u NepmnTuH, 1981;
PbiObl PbiObuHCKOro BogoxpaHunuuwa..., 2015). Espo-
nenckas psnyLika npoHukna cioga B 1940-x rr. npen-
nonoxmTensHo 13 03. benoro no p. WekcHe (Knswiko
n CnbiHbko, 2003). B Bonoroackon n ApxaHrenbckown
obnacTsix 3T0T BU, LUMPOKO pacnpocTpaHeH B 03epax
6acceriHoB pek OHerun, CeBepHol [BMHbI 1 Me3seHu.
B KeHo3epckoM HauuoHanbHOM napke psinylika o6-
pasyeT reorpadu4eckm U penpoayKTUBHO M30MMpo-
BaHHble MonynsauMu; Haubonee MHOroYUCIEHHbIE
N3 HMX 00uTalT B 03epax KeHosepo 1 Jlekwmosepo
(OBopsiHkMH, 2009). B KanuHuHrpaackon obnactu
KpynHoe onuroTpodHoe 03. BuiuTbiHELKOe sABRsieTcA
€OWHCTBEHHbIM BOOOEMOM, roe obutaeT eBponew-
ckas psanywka (Kpusonyckosa u ap., 2014).

B ®uHckoM 3anuBe M KpynHbIX o3epax (OHex-
ckoM n Jlapgoxckom) psnywka C. albula npeacras-
neHa asyma popmamu. Menkasi opma atoro Buaa
panyLkn (AnuHOM Tena o 25 cM) pacnpocTpaHeHa
Nno BCeW akeBaTtopuu, a KpynHas copma (punyc, unm
Kuney), gocturawowaa B AnvHy 34 cM, BCTpevaeT-
Csl B OCHOBHOM B ny6oKoBoAHbLIX obnacTtax. B ose-
pax Kapenuu C. albula ob6HapyxeHa Gonee 4yem B
270 o3epax, B OOMbLUMHCTBE M3 HUX (B TOM 4ucre
03. Camo3epo) oHa SBnsieTC OOHUM M3 OCHOBHbIX
npombicnoBbix Buaos (bepesnHa n gp., 2021; MNo-
kposckun, 1953; Crtepnurosa u gp., 2002; Crepnu-
roea un Mnomact, 2016). OHa MHOrouncrieHHa B Ccy-
GapkTuyecknx oszepax MypmaHckor obnactu, B TOM
yncne, B 03. MimaHgpa (3y6osa u KawynuH, 2019).

Menkas dpopma psanywku C. albula [octaTtoyHO
pacrnpocTpaHeHa M B Bogoemax BenukobputaHum,
Fepmanun, JNutebl, 3cTtoHun, Monbwmn; ocobeHHo
ee nonynsumMm MHorodncrneHHbl B ®unnaHamm, Lee-
umm n Hopserun (Bykenbckuc n Ymbpacaute, 2016;
Czarkowski et al., 2007; Mamcarz and Bloniarz, 1995;
Sarvala et al., 2020; Scharf et al., 2008; Schulz et al.,
2003; Viljanen, 1983). Bo MHorux ctpaHax EBponbl
C. albula B HacTosILLee BpeMs cHUTaETCS ysS3BUMOK
N Haxofsllenca nop yrpos3on MCHE3HOBEHUS K3-3a
HeraTUBHbIX MOCMNEACTBUI MOTENneHus, aBTpodurka-
LW, nepenosa M MHTPoAyKuMu pbid (Sarvala et al.,
2020; Winfield et al., 2017).

B GacceliHe p. Nevyopbl NpOXoaMT rpaHuLa pac-
NPOCTPaHEHUS CUOUPCKON M EBPOMENCKON PAMYLLKA
(boposukoBa n Maxpos, 2012). Panywka, obutato-
was B p. Yca, nputoke p. Neyopsl (onucaHa kak Core-
gonus sardinella marisalbi Berg, 1916), N0 OCHOBHbIM
npusHakaMm 3aHMMaeT MNPOMEXYTOYHOE MONOXeHne
Mexay eBpOnenckon u cubupckor cgopmamu, a no
OTAENbHbIM NpU3HaKkaM OHa Jaxe Onuxe kK eBponemn-
ckon (PeweTHukos, 1980).
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Cwnbupckas psanywka C. sardinella pacnpoctpa-
HeHa oT benoro Mmops Ha BocTok 1o bepuHrosa mops,
obuTtaet B pekax AHaablpb 1 AMryama, a Takke B 03e-
pax YykoTtku (HukynuHa n gp., 2018). OHa oOblyHa B
cybapKTuyeckmx o3epax u pekax bonbLuesemenbckon
TyHOpbl. Ha Tepputopun Manosemensckon TyHApPbI
C. sardinella mHorouucrnieHHa B O3epax BepXOBuiA
KPYnHbIX pek, Hanpumep Xapbenckue, BaluyTkuHb
n ap. (bopoeukosa u Maxpos, 2012; KyumHa n Co-
noskuHa, 1970; Cupgopos u PeleTtHukos, 2014). Ha
KamuaTke cmbupckasi panyLika obutaet B 03. Txykny
n 6accenHe p. ObnykoBuMHbI. Takke oHa BCTpeyaeTcs
B Kapckon rybe, yctbsix pek 3anagHoro Amana, Ha
octpoBax CesepHoro Jlegosutoro okeaHa (Konryes,
HoBocnbupckue) n B 3abaiikanbckom 03. bayHT (Pe-
weTHukoB, 1980).

Kpowme Toro, C. sardinella obutaet B apkTU4ECKNX
o3epax [levopo-lacmMHCcKom 03epHO-PEYHO CUCTEMDI
nnato lytopaHa (Hopunbckue o3epa, B TOM 4ucne
03.Jlama un Menkoe) B CypoBbIX rMApPOMNOrnyecknx
YCIOBUAX C BE€CbMa KOPOTKMM W MNPOXNafHbIM ne-
TOM, KOTOpOe AnuTCA OKomno AByX MecsiueB (Huky-
nnHa n PomaHos, 2019). PanyLuka, BCTpevatoLLasics
B CaMOM BbICOKOLUMPOTHOM 03. TanMblp, XapakTte-
pusyeTcss MeAneHHbIM POCTOM, MOCKOMbKY BOAOEM
pacnonoXeH HaMHOro cesepHee Apyrmx ee Mectoo-
OUTaHUIM 1 OTNMYAETCSt HaMMEHbLUE CYMMOW Tenna
(Monos, 2007). Ha Tepputopuun KpacHosapckoro kpas,
B YaCTHOCTM B BoAOeMax nosnyoctposa Tanmelp, nna-
To lNMyTopaHa u p. EHncen, oTmevaeTcs Hambonbluee
pa3Hoobpasne nokarnbHbIX CTag CUOUPCKON PAMNYLLIKA
(KvxesaTos, 2007).

Bce dhopMbl panyLLIKM — BaXkHble 06bEKThI pblbo-
nosHoro npomMeicna B Poccun n Eespone (Monos, 2007,
Sarvala et al., 2020). Cnbupckas psnyLika sBnsercs
OOHUM U3 BaXKHEWLLMX NPOMbICIIOBbIX BUAOB CUTOBbIX
3a lNongpHbIM KpYromMm B 30HEe BEYHOW Mep3noThl, B
BaccelHax pek XataHru (banaxHuHcKas u xeTckas),
EHuces (TypyxaHckas u kapckasi oopMbl), Konbimbl
(BorpaHoB 1 borgaHosa, 2008; Kupunnos n ®egopo-
Ba, 2010; HukynuHa u gp., 2018; CeprueHko, 2015).
Msaco panyLukn oTrnMyaeTcs BbICOKMM coaepXXaHuem
omMera-3-nofnnHEHachILLEHHbIX XUPHbIX KUCAOT, Ma-
KpO- N MUKPO3NeMeHTOoB, BuTamuHos (Heaos, 2009).
KpynHas v xxupHas panyLuka ns o3. Nneweeso (r. MNe-
pecnaenb-3anecckuin), Unn “nepecnasckas cenbaip’,
BXOAMIIa B MEHIO LlapCkmx ocob B nepuog npaeneHus
Anekcea Muxannosuya n ¢ 1675 r., cornacHo uap-
CKOMY yKasy, Obina B3fTa No4 oxpaHy; OHa [0 CuUx
nop BxoauT B KpacHyto kHury P®. Buoxmmuyeckui
aHann3 6enkoB, cogepXalmnxcs B TKaHSAX CMOUPCKON
pANyLLUKKX, MoKasan BbICOKOE codepXaHue LEeHHbIX
amuHokmcrnot (Jlebegesa n Abpamos, 2015). 3to
0COBGEHHO BaXXHO ANSl KOPEHHbIX XXUTENEN CEBEPHbIX
pernoHoB Poccuun, XUBYLLUMX B YCIOBUSAX CYypOBOrO
knMMara (B TOM uncne B AKyTum), MOCKONbKY NoTpeo-
HOCTb YenoBeka B LleHHOM Oernke no GonbLuen Yactu
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MOXeT ObITb obecnedeHa OGnarogapsi BKOYEHUIO
B pauMOH AaHHOro Buaa pbibbl, 0COGEHHO B CbIpOM
Buae (Abpamos u gp., 2018).

Panywek TpaguuMOHHO cuyuTaloT nnaHkTodara-
MW, MUTALWNUMNCA B OCHOBHOM 300- U UXTUONIMAH-
kToHOoM (YepHsaes, 2017). OgHako criyyam ux nepe-
XoAa Ha nutaHve 3000eHTOCOM, MOBEPXHOCTHBLIMM
HaCEKOMbIMW N APYrMMMX NULLEBLIMU KOMMOHEHTaAMM
BCe Yallle onucbiBatoTcs B nutepatype (3yboea u Ka-
wynwuH, 2019; Berezina et al., 2018; Liso et al., 2011;
Scharf et al., 2008). B o3epax u pekax 3anoBegHu-
ka MNacBuk (ceBepHas Hopserus) B NUTaHUM MENKom
dopmbl eBponenckon panywku C. albula (annHa Tena
11-19 cm) oTMeyvanu pbib (BEBATUMIMBIX KOMIOLLEK),
4yTO CBfI3aHO C OeaHOCTbio 3oonnaHkToHa (Liso et
al., 2011). Jons pbibHoOM nuwm coctaenana o 20%
MaccCbl COOEPXMMOroO Xenygka, ocTanbHyl 4acTb
dopmupoBanu BosaylUHble Hacekomble, Cladocera,
Copepoda 1 B He3Ha4MTErNbHbLIX KonnyecTBax opra-
HuU3mbl GeHToca (PeweTHukoB 1 gp., 2020; Liso et
al., 2011). B nutaHuu kpynHeix ¢oopm C. albula, na-
OOXCKOWM (pPUNyc) N OHEXCKOM (kurey), Hapsgy ¢ 30-
ONMaHKTOHOM, MU3MZaMU M XMPOHOMUAAMMW TaKkKe
BCTpeyvanacb mornofb pblb, KoploLwka u cobcTBeH-
Hble Manbku (babwui n Cepreea, 2003; Reshetnikov,
2004). Mo-Bnanmomy, psinyLika AOBOMbHO NNacTuy-
Ha B BbIOOpe MULLM, CNEKTP ee NUTaHNs MOXeET ObITb
N3MEHYMB B Pa3HOTUMHbIX MECTOOOMTaHusIX. B cBsian
C 9TMM Lenblo AaHHOM paboTbl cTan aHanu3 Kade-
CTBEHHOro coctasa nuiim esponerickon (Coregonus
albula) n cmbunpckon psinywku (C. sardinella), obu-
TalLWmMX B pasnnyHblx panoHax Eespasun

MaTepuan n MeToabl

Matepuanom nccneqoBaHust NOCAYXWUNKM OOCTYn-
Hble B NuTepaType AaHHble N0 COCTaBy U OTHOCUTENb-
HOM 3HA4YMMOCTWU KOPMOBbIX OPraHM3MOB B MULLEBOM
KOMKe MernKopasMepHbIX hopm 060MX BUAOB pAMYLLKA
(Coregonus albula u C. sardinella), BcTpeyatoLLmxcs B
Bogoemax Poccun (Apocnasckon, Bonoroackown, Ka-
NVHWHrpagckon, ApxaHrenbckon u MypmaHckon obna-
cter, AnTanckoro, HoBocmbupckoro, KpacHosipckoro
kpasi, pecnyonuk Kapenuu n Komu, a Takke Amano-He-
Heukoro AQO), ®uHnaHauu, Weewuun, Hopeeruu, JNuTebl
n Monbwwu. B kayecTBe nokasarenen ObIyM NPUHATDLI
YyacToTa BCTPEYaeMoCTU U BKMag pasHbiX KOMMOHEH-
TOB NUTaHKSA MO YncneHHocTn n macce (%) B NULLIEBOM
komke pbi6 (Monosa n PeleTHukos, 2011).

Pe3ynbTtaTthbl U chymneHMe

LieHTpAanbHbIN pernoH Poccuun

Os3. lNneweeBo — ogHO U3 Haubonee GoraTbix psi-
nywkow C. albula o3ep Bomxckoro 6accenHa (lepa-
CcMMOB 1 ap., 2019). C mas no okTs10pb OCHOBYyee Mu-
TaHWsi B JAQHHOM BOOOEME COCTaBIAIOT NIaHKTOHHbIE
Cladocera, a 6eHTOCHbIE OpraHn3mbl OOHapYXMBaOT-
¢S anu3oamndecku (Xanbko u ap., 2019). KpynHele BeT-
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BUCTOYCble paykn, Takue Kak Leptodora kindtii (Focke,
1844), Bythotrephes brevimanus (Lillieborg, 1901)
n menkue padvkn Bosmina spp., Daphnia longispina
(O.F. Miller, 1785) Haubonee BaxHbl (8o 100% no
BCTPEYAEMOCTN) B MUTAHUW PSAMYLUKM, obuTatoLen
B aTom o3epe (Tabn. 1). Haynnum n konenoguthbl
BECIOHOMX paykoB MMENU BbICOKYI0 YUCIIEHHOCTb B
nuwesoM komke y > 70% pbl6. EQMHMYHO OTMEYeHbI
NNYMHKN CTPEKO3 M XupoHomMmug (Xanbko n ap., 2019).

B neTHuin nepuog B nenarvanu OTKPbITbIX Mre-
coB PbIbuHCcKkOro BogoxpaHunuwia, rge Guomacca
300MNaHKTOHa B cpedHem pocTturaet 1.5-2 r/md,
psanyLliKka nMTaeTcd B OCHOBHOM BETBUCTOYCbIMMU
paykamu popoB Bosmina, Chydorus, Leptodora n
Bythotrephes (Kunswko u CnbiHbko, 2003). Yacto-
Ta BCTPEYAEMOCTM ITUX PaYKOB B Xernygke pblo,
kak npasuno, coctaenset 100%, a ux oTHocuTeNb-
Hasa 3HaummocTb — 90%. Hanpumep, B xenyake of-
Hon ocobwu (onuHon Tena 16.3 cM) HacuUTbLIBaNoOCh
1400 ak3. Chydorus sphaericus (O.F.Muller, 1776),
753 3k3. Bosmina coregoni Baird, 1857 n 232 aka.
Bythotrephes longimanus (Leydig, 1860) (Kuswwko u
CnblHbKO, 2003). K oceHu nHAeKChbl HanormHeHns xe-
nyaka psanyLwKkmM n Apyrux BUOOB pblb 0ObIYHO CHMKa-
nuck (ao 51.4 npogeummunne) (Kuawko n CnbiHbLKO,
2003). Cnag MHTEHCUBHOCTU MUTaAHNSA PSNYLUKA B OT-
KpbITbIX Mrecax BogoXpaHUnuLLa CBA3aH C CE30HHbIM
YMeHbLUEHNEM KOnuMyecTBa 300MSIaHKTOHa — B OT-
AenbHble roabl GruoMacca nocnegHero K oceHn obina
B 20 1 Gonee pa3 HMxe, YeM B NeTHWI nepuog (J1a-
3apesa n Cokonosa, 2018). MaccoBoe pa3sutue BeT-
BUCTOYCbIX PaYKOB, COCTaBNSIOLLMX OCHOBHYIO MULLLY
PAMNYLLKKX, NPUYPOYEHO K MOBEPXHOCTHBIM crnosMm. o
3TOW MpUYMHE B Nepuon Haryna oHa npuaepxusaet-
cs1 BepxHero 5—10-MeTpoBOro crnos BoAbl U TOMbKO C
npubnuxeHmem Hepecrta (B okTsAbpe—Hosibpe) ony-
CKaeTcsl B MPUOOHHbLIE MECTOOOUTaHUs, roe MOXeT
nponcxoauTb CMeHa KOpMOBOro coctaBa. Tak, pa-
LMOH psANYLUKW, OTIOBIIEHHOW B cybnvMTopanv Bogo-
XpaHunuiia, otnmyarncs oT paunoHa pbid 13 nenaru-
yeckow rpynnbl (Tabn. 1). B nuwe npubpexHbIx pbid
90% no macce coctasnanu padku-amounogsl Gmeli-
noides fasciatus (Stebbing, 1899), noMuHUpyioLLne B
HeHTOCE B Nepuop oTrnosa (B okTsbpe) (Berezina and
Strelnikova, 2010).

3Haunmoe notpebneHne 3006eHTOCa B OCEHHUIA
nepuog, Kak aTo oTmedeHo B PbiGMHCKOM Bogoxpa-
HUNWLWe, He HabnpaeTcs y pAnyLWwKW, obuTatoLen
B 03. [MneweeBo, NOCKOMNBLKY NPOAYKUMOHHbLIE MOKa-
3aTenn 300MNaHKTOHa B 9TOM 03epe [OBOSIbHO Bbl-
COKM B TedeHue Bcero ce3oHa (CtonbyHoea, 2006).
OcHoBy Buomacchl 300MnaHKTOHa B AaHHOM Bofoe-
Me B ceHTabpe—okTsi6pe dopmupytoT Daphnia cucul-
lata (Sars, 1862), Bosmina coregoni n Eudiaptomus
graciloides (Lilleborg, 1888). Npn atom oHa gocTa-
TOYHO BbICcOKa (80 21 r/mM3) Kak Ha nuTopann cpeam
BOLHOW pacTUTENbHOCTU, TaK M B rMyO0KOBOAHON Ya-
CTK o3epa.
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Ta6n. 1. Bugpi n rpynnbl 6eCcno3BOHOYHbIX, COCTaBISIOLLMX OCHOBY NUTaHUA PANYLLKN B pas3nnyHbIX BoOAoeMax Espasun.

Osepo

Mepuvopn

Onnna
Tena pbl6

,EIOMI/IHaHTbI B NnTaHUn

NCcTOYHUK

PbibuHckoe
(p- Bonra)

MNneweeBo

Jlapoxckoe

OHexckoe

Camosepo

BuwitbiHeuUkoe

Boxe

Kpusoe

Wmangpa

VII-X

VI-X

V—IX

VI-IX

VII-IX

VII-IX

V-IX

VI-X

VII-IX

85-180

150-210

100-140

100-186

123-195

100-180

135-170

86-180

Bosmina coregoni

Bythotrephes spp.

Leptodora kindtii
Chydorus sphaericus
Gmelinoides fasciatus

Leptodora kindtii

Bythotrephes brevimanus

Bosmina coregoni
B. longirostris
Daphnia longispina
Megacyclops viridis

Asplanchna priodonta
Daphnia spp.
Bosmina spp.

Holopedium gibberum

Eudiaptomus gracilis

Sida crystallina

Polyphemus pediculus

Bosmina longimanus
Leptodora kindtii

Limnocalanus macrurus

Eurytemora lacustris

Leptodora kindtii

Bythotrephes cederstrémii

Eudiaptomus gracilis
Bosmina coregoni
Daphnia longispina
D. cristata

Leptodora kindtii

Bythotrephes longimanus

Daphnia cucullata

Heterocope appendiculata

Chydorus ovalis,

Eudiaptomus graciloides

Bosmina coregoni

Heterocope appendiculata
KYKOMKM U MMIUYUHKM BOOHbBIX HACEKOMbIX

Gammarus lacusris
Monoporeia affinis
Phryganea bipunctata
Ephemera vulgata
Sphaerium nitidum
Bosmina longirostris
Sida crystallina
Megacyclops spp.

Centroptilum spp.
Cricotopus spp.
Psectrocladius spp.
Prodiamesa spp.
Diamesa spp.
Stictochironomus spp.
Euglesa spp.
Limnephilidae

Kusawko n CnbIHbKO,
2003; Berezina and
Strelnikova, 2010

Xanbko n gp., 2019

Kyuko u gp., 2017

ManbueBa, 1983

Ctepnuvrosa u gp.,
2002; Ctepnurosa 1
Unbmacr, 2016

Kpusonyckosa u gp.,
2014; MblukoBa 1
ap., 2017

3yaHoBa u gp., 1994

BbepesunHa n gp.,
2021; Berezina et al.,
2018

3yb6oBa n KawwuynuH,
2019;
3yboea n gp., 2020
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Onnna
Osepo Mepuog Tena pui6 [JOMWHaHTLI B InTaHnn NcTouHmK
Leptodora kindtii AL
Megnse VII-IX  184-250 Bosmina spp. Wiéski, 2002
Bythotrephes spp.
V-VII, Daphnia cucullata
JlernHbcke X|—| 170-265 Eudiaptomus spp. Szyputa, 1965
Cyclops spp.
Cyclops strenus Mamcarz and
XaxunkoBcke H-Vi 161-181 Daphnia spp. Bloniarz, 1995
Bosmina coregoni
_ _ Daphnia spp. -
CyomyHspBHM V=X 82-234 Cyclops scutifer Viljanen, 1983
Heterocope appendiculata
Bosmina coregoni :
BonmeH VII-X - Holopedium gibberum Hamrin, 1983
Bosmina longispina
MenapeH VI-X 112-280 Limnocalanus macrurus lﬂgnr:?::;ez%%%
Heterocope appendiculata ’
Bosmina spp.
lonogHas ry6éa  VII-VIII  150-190 Daphnia spp. dageesa, 1999
Chydorus spp.
KopoBuHckas Cladocera KopHunosa u
ry6a VIEVIIE- 160200 KYKOIKM 11 MMaro XMpoHoMuA, MaHoBa, 1964
. Cladocera
5)(();1%%0'7'“ VII-IX 150-190 TIMYNHKN XMPOHOMUA Cupopos, 1974
P MOJITFOCKM
Bosmina spp. B
, - .. EPLUMHUH 1
Jlama un VIV 170-250 Limnocalanus grimaldii Cbiuesa, 1964:
Menkoe L. macrurus PomaroBa. 1948
MMaro, NIMYMHKM 1 KYKOINKU XMPOHOMUZ '
Bosmina spp.
Daphnia spp.
Senecella calanoides JlelwmHckasn, 1962;
1111, Bythotrephes spp. CtenaHoBa, 2017;
O6ckas ryba VIII-IX, 90-270 Limnocalanus macrurus CrtenaHoBa u
Xli-I Monoporea affinis CrtenaHos, 2006;
Cyclops spp. FOxHeBa, 1955;
Heterocope sp.
Onisimus sp.
Bosmina longirostris
Limnocalanus macrurus
o.Konbima  VIII-X  80-180 Planorbidae benoposa v Ap..
Pisidiidae

Odonata

119
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CeBepo-3anagHbin pernoH Poccun

B o3epax Jlagoxckom n OHEXCKOM BeCroHorne
N BETBUCTOYCble pakoobpasHble COCTaBMSOT OCHOBY
nutaHua mernkopasmepHon dopmbl C. albula (onu-
Ha Tena 10—14 cm); KONNMYECTBEHHOE COOTHOLLUEHUE
pa3HbiX BUOOB B MULLEBOM KOMKE MEHSIETCSl B 3aBU-
CMMOCTM OT Ce30Ha M pacnpegernexus nx buomacc
B Bogoeme. Panyiika anvHon > 14 cm B OHEXCKOM
o3epe B TeYeHWne BCero ce3oHa, MoOMUMO BETBUCTOY-
CbIX M BECIIOHOMMX PavKkoB, NUTAETCH Takke NUYMHKa-
MW N KyKONKaMu XMpoHOMUZ; B aBrycTte COCTaBnsAlT
> 70% ee pauuoHa no macce (Mansuesa, 1983). B
3TUX 03epax B NETHUI Nepunoa 1 Ao Ha4vana ceHTsops
psinyLlKka obbluHO AepxuTcs B Hanbonee nporpeTom
BepxHeM 5—10-meTpoBOM crnoe Boabl. Takoe pacnpe-
aeneHve o6ycnoBneHo HambonblUMM CKOMSeHNneM
nnaHKToHa Ha 3ToM yposHe (Hukonaes, 1983).

Mo paHHbIM A.A. Kyyko n ap. (2017), B ceBep-
Hour YacTu Jlagoxckoro o3epa B Havare neta, Kkorga
paykoBOro 300MMaHKTOHa Maro, OCHOBY pauuoHa
(75% no macce OT BCex MOTPeBMNEHHbIX OpraHus-
MOB) psiNyLUKM COCTaBRsOT KonospaTku Asplanch-
na priodonta (Gosse, 1850), Kellicottia longispina
(Kellicott, 1879) n Keratella cochlearis (Gosse, 1851)
Hapsgy C BECroHOrMMu padkamu popoB Mesocy-
clops n Thermocyclops. C HacTynneHuem Tenna
N Ha MPOTSXKEHWM BCEro feta B NUTaHUKU PSAMYLLKU
npeobnagalT Haubonee 3HauYMMble B nenarude-
CKOM 300rnnaHKToHe BeTBucToycble (Daphnia cristata
(Sars, 1862), D. longispina, Holopedium gibberum
(Zaddach, 1855), Bosmina coregoni v B. longirostris
(O.F. Mlller, 1785)) n BecnoHorune payku (Eudiapto-
mus gracilis (Sars, 1863) u Cyclops strenuus (Fisher,
1851)), a Tarke npeacTaBUTENU 3apocreBon gayHbl
nutopanu: Sida crystallina (O.F. Miller, 1776), Poly-
phemus pediculus (O.F. Muller, 1785), Ceriodaphnia
quadrangula (O.F. Muller, 1785), Macrocyclops al-
bidus (Jurine, 1820) n Megacyclops viridis (Jurine,
1820) (Kyuko un gp., 2017).

B oceHHun nepuwog B nenarvanu v nutopanv
OHexckoro u JlagoxcKoro osep MpoucxoguT CMeHa
OOMUHMPYIOLLMX POPM 300MNaHKTOHa, OAHAKO COCTaB
NUTaHWSA PANYLLKN OCTaeTC CXOAHbIM C OTMEYEHHbIM
B METHWI Nepuoa: BETBUCTOYCble pPaqky COCTaBMsOT
90% ee pauuoHa (Ctepnurosa u gp., 2002).

CornacHo A.lN. Ctepnuroson n H.B. Unbmacty
(2016), yTOo BegywMMu opMamMmn 300MMaHKTOHA B
nuTaHuM panywkn o3. Csamosepo (toxHas Kapenus)
SIBMNSAKOTCS MaccoBble pakoobpasHble Leptodora kind-
tii, Bythotrephes cederstrémii Schodler, 1877, Bos-
mina spp., H. gibberum v E. gracilis. B nepuoabl néta
HaceKOMbIX psnyLLKa NepexoauT Ha nNuTaHue ummn (B
3TO BpeMsi BO3AYLLUHbIE HACEKOMbIE MOTYT COCTaBIATb
00 99% maccel nuLLEeBoro KoMmka). BecHon ocHOBHOM
nuen psanywek B 6GopeanbHbix o3epax Kapenun
CryaT BecrioHorne pakoobpasHble, cpeaun KOTopbIX
nepsoe MecTo 3aHumaert E. gracilis (81.8%). OcHoBy
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NETHEro U OCeHHero NUTaHus pAnywKu (NpY AnvHe
Tena 12.3-19.5 cm) coctaBnsawT BETBUCTOYCbIE pa-
KooOpasHble, cpean KOTOpbIX AOMUHUPYIOT Bosmina
coregoni, Daphnia longispina, D. cristata, B. ceder-
strémii v L. kindtii; B Heb6onbLLIOM KOnM4ecTBe oTMe-
YeHbl konoBpaTku. [Jons BECNOHOMX pakoobpasHbIX
B netHuMe Mecsubl HeBenuka (3.2%), HO Bo3pacTaeT
oceHblo (31.7%).

B o3epax ApxaHrenbckon obrnactu psnylika He
UMEEeT Cepbe3HbIX KOHKYpPEeHTOB 3a nuuwy (OBopsH-
kvH, 2009). B 03. KeH03epo 0CHOBHbLIMUY KOMMOHEHTa-
MK (96.5%) ee NUTaHWA B OCEHHWUI NEpUO ABMSAOT-
Cs1 BeTBUCTOYCble payku poga Daphnia (JBOPSHKMH,
2009); B 03. Jlekwmo3epo — BeTBuUcTOyCchble Daphnia
(61.3%) n Bosmina (27%). BecnoHorne payku fo-
cTuraroT no yncneHHoctn 11.5%; ewe meHee 1% co-
CTaBNSAT NIMYNHKU XUPOHOMUA, PYHEMHUKOB U BO3-
AyWHble HacekoMble (ABopsaHkuH, 2009).

B nutaHum psanywky, obutatowen B 03. Buwwtbl-
HeukoM, npeobnagalT npeacTraBuTeny  poaa
Daphnia (47.5% nNo vHOEKCy OTHOCUTENbLHOW 3Ha-
4MMOCTU) U BecnoHorne padku (37.5%) (Kpusony-
ckoBa un Ap., 2014). JleTom BbiSiBNEeHa BblCOKasi n3-
OumpaTtenbHOCTb JaHHOrO B1Aa pblb K TakMm KpymnHbIM
npeacTaBUTENSAM 300MNNAaHKTOHA, Kak Leptodora kind-
tii n Bythotrephes longimanus. OTMe4YeHHble BUAbI
BETBMCTOYCbIX PavykoB OOHapyXvBanucb B NUTaHUK
psnNyLWKM B OOMbLLIOM KONMYECTBE Aaxe Torga, Korga
ux 6uomacca B o3epe Obina HeBenuka. beHTocHbIE
opraHnamMbl (UYNHKU XMPOHOMU, U ONIUTOXETbI) U KO-
noBpaTKn TaKkke BCTPe4yalTCH B NULLEBOM KOMKE, HO
ux gonu coctaenstoT < 1%. NpucytcTeue B NULLEBOM
KOMKe PSiNyLUKA KYKONOK XWUPOHOMWUA, OTMeYaeTcs B
nepvoa, NpeaLlecTBYOLLNIA BbINETY 3TUX HACEKOMBbIX.
M3meHeHus B pauuoHe panyLLIKM OTMEeYEeHbl Npyu cMe-
He MecTa ee nokanusauuun. Hanpumep, B aHomanb-
HO Tennble nepuodbl B 03. BuTbIHELKOM psnyLlka
onyckaeTcs B NpoxnagHble Cnou y AHa, a BO BpeMs
roMoTepMuUM ee Nonynsaumsa paccpeaoTo4nBaeTcs no
BCeW akBaTopum o3epa, noaxoas K menkosoasto. Npu
3TOM B MUTaHWUN JOMUHUPYOT AOHHbIE 6ECNO3BOHOY-
Hble (KpuBonyckosa u ap., 2014).

B pauuoHe psinywku B 03. BULWTbIHELLKOM HabMto-
[aeTcs ce30HHas CMeHa BMAOBOrO COCTaBa KOPMO-
BblX 06bekTOB. OCEHbIO B NULLEBOM KOMKE AOMUHM-
pytoT Daphnia cucullata, B. longimanus, L. kindtii,
Chydorus ovalis (Kurz, 1875), a Takke konospar-
kn. B TO xe Bpems BCTpeyalTcs BECroHorve pad-
kn E. graciloides, Heterocope appendiculata (Sars,
1863), rapnaktuumabl U pacTuTenbHble OpraHU3Mbl.
B 3MMHUIN NOCTHEpeCTOBLIN Nepuof pbiba nutaeTcs
B OCHOBHOM BecfnoHorumu padkamu (35%), 3vMHK-
MW OOMUWHaHTamMu 3oonnaHkToHa (6onee 89% uuc-
NEHHOCTN) N pacTUTeNbHbIMU opraHuamamm (28.6%)
(MblukoBa u gp., 2017). 3 Hux HanbonbLlunin BkNag
no Macce BHocAT E. graciloides v H. appendiculata
(45.5 1 29.9% coOTBETCTBEHHO).
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CeBepHbIN permoH Poccun

B cybapkTuyeckmx ozepax Poccum ¢ HU3KOWM npo-
OYKTUBHOCTBIO 300MfaHKTOHA B COCTaBe MUTaHuA
PANYLUKM BCe valle oTMmedvaroTcs 6eHTocHble Becno-
3BoHOuYHble (BepesuHa u ap., 2021; Berezina et al.,
2018). Tak, cnektp nutaHusa psnywkn C. albula B
03. Boxe (ceBep Bonoroackon obnactu B BepxoBbsixX
p. OHern) OOCTaTO4HO LWMPOK U UMEET CBOU CE30H-
Hble ocobeHHocTH (3ysiHoBa u ap., 1994). C masa go
OCEHWN OCHOBY €€ MULLM COCTaBMAT 300MNaHKTOH U
MMaro HaCekoOMbIX, K TOMY >Xe cpeau MNNaHKTOHHbIX
0ObEKTOB MMTaHMSA MPOUCXOAUT YacTas CMeHa JOMU-
HUpyOLWNX BUOOB. Tak, BECHOM U B Hadyarne nerta B
pauMoHe psinyLku npeobnaganu Bosmina coregoni
n Heterocope appendiculata, a B aBrycte — LMKIO-
nbl, guantomycebl U gadpHumn (3ysHosa n ap., 1994).
KyKOmKu 1 NIMYNHKM BOAHbLIX HACEKOMBIX (XMPOHOMUA,
NOOEHOK, PyYEMHUKOB, CTPEKO3) 0BHapyX1BalTCH B
nvwe A0BOSbHO YacTo; KpOMeE TOro, MHoraa BCTpeYa-
I0TCH BOAHbIE KNeLn, HemMaToAbl, ONIMIOXeThl, pacTu-
TernbHbIE OCTaTKN U (PUTOMMAHKTOH.

B 03. ImaHgpa psinywka nutaeTtcs no GonbLlien
yactu GeHTOoCHbIMWU opraHuamamu. Y 67% ocobei
anuvHon Tena o 15 oM B xenyakax oTMeyeHbl 6eHToc-
Hble 6eCNO3BOHOYHbIE U TONbKO Y 25% — 300MIaHKTOH
(8yboBa n gp., 2020). MNokasaTtenb nHAeKca OTHOCK-
TENMbHOW 3Ha4YMMOCTM 3006eHTOca B nuwe B 6 pas3
BbilLe nokasaTtens Ans 3oonnaHktoHa (Tabn. 1). Y
panyLuek aonvHon Tena > 15 cMm cogepxunmoe xenya-
KoB Ha 94.7% cocTouT uU3 npeacraBuTenen Makposo-
06eHTOCA: NIUYMHOK M KYKONOK XMPOHOMME, PYYENHU-
koB Limnephilidae, oBycTBOpYaTLIX MOMMOCKOB poaa
Euglesa, kxnonoB n Hematog (3y6osa m KawynwuH,
2019). JomuHUpyOWMMK rpynnamy GEHTOCHbIX Op-
raHU3MOB B MUTAHUWN PAMYLUKMA ABNSAOTCA NUYUHKA
xupoHomung pogos Centroptilum, Cricotopus, Diame-
sa, Prodiamesa Psectrocladius wn Stictochironomus,
a Takxke NUUYMHKM XKEeCTKOKpbINbIX poaa Dytiscus. bo-
Konnasbl, NIMYNHKN BECHSHOK 1 BpIOXOHOrMe Mormnto-
ckn popa Valvata coctaBnstoT go 17% no macce B
NULWEBOM KOMKe. Takum obpasom, Mo TUMy nuTaHus
eBponewnckas panyLika, obuTarowas B 03. Mimangpa,
XapakTepusyeTcs Kak BCesaHbIA XULLHMK, OTAaloLWwmn
npeanoyTeHne Makpo3oo6eHTOCY.

Ona panywek manbix ceBepHbIx o3ep Kapenuu
(Kpneoe, HwuxHee Crapylleybe) XxapakTepHa Bbl-
COKasi Ce30HHas M3MEeH4YMBOCTb MUTaHUSA U BKNaja
pasnuyHbIX rpynn 6eHToca U NNaHKTOHa B UX paLMoH
(BepesuHa u ap., 2021; Berezina et al., 2018). AHa-
M3 cTaburbHbIX N30TOMOB a30Ta U yrrepoaa B Tka-
HSIX pbl® M UX NOTEHUMANbHbIX UCTOYHUKOB NMUTaHUS
BbISIBUIT YETbIPE TPOUYECKMX YPOBHSI B MULLEBLIX
ceTax 03. KpMBOro n BbICOKMN YpOBEHb 3aBpudparuu.
Tak, B NETHUI NepUoA NUTaHWe pAMyLLKK Bbino cme-
LWaHHbIM; OHO XapaKTepn3oBanocb UCNONbL30BaHUEM
MULLEBbIX PECYPCOB MPenMyLLeCcTBEHHO BEHTOCHOro
NPOUCXOXOEHUS KaK B NPUBPEXHbIX, Tak U B rMy6uH-
HbIX MecToobuTaHusx (Berezina et al., 2018). Cpegn
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HUX OOHHble amdunoasl Gammarus lacustris Sars,
1863 n Monoporeia affinis (Lindstrom, 1855) coctas-
nanu 67—-75% ycBOeHHOW pbIOON MWLM, a NITaHKTOH-
Hble pakoobpasHble — 2—5%. OTW JaHHble HECKOSb-
KO pacxofsiTcs C pesynbraTtaMmy aHanusa Xenyakos
pbi0: Hanpumep, UX WUccregoBaHWE MOKasano, YTo
BKMNaj 300MMaHKTOHa B MNUTaHWE PAMYLWKU JeTOM
W paHHen oceHblo Mor gocturatb 22% (Berezina et
al., 2018). B otnuumne oT neta u oceHu, B noanea-
Hbl 3MMHEe-BECEHHUI Nepuo B COCTaBe MULLIEBOIO
KOMKa pSnyLUKA OOMWU MAaHKTOHHbIX PaqkoB U NUYK-
HOK HaceKOMbIX Obinn 4OBOMLHO BbICOKM (37-54 % n
24—-42% cOOTBETCTBEHHO), B TO BpeMs Kak amduno-
abl (G. lacustris, M. affinis) coctaBnann meHee 20%.
B uenom B TeuyeHve roga MakpoOECNO3BOHOYHbIE
ObINN OCHOBHLIM MUWLLEBBIM PECYPCOM PSAMYLUKN B
ManbIx cybapKTU4eckux o03epax, OfHAKO pPavKoBbIN
NNaHKTOH Takke OblN BaXeH AN ee NMuTaHusl; ero
pornb ocobeHHO Bo3pacTana B OCeHHEe-3UMHUI nepu-
op (bepesuHa u gp., 2021; H.A. bepeauHa, Heony6rn.
OaHHble, 2020-2021 rr).

EBpona

AHanua nyonukaummn no NUTaHU Menkopasmep-
How psanywkn C. albula B 6GopeanbHbIX 03epax psga
€BpONenCcKMX CTpaH nokasarl, YTO 300MSaHKTOH CO-
CTaBMseT OCHOBHYIK 4acTb ee pauuoHa. Npu atom
OOMUHUPYIOLLIEEe 3HaYeHWe BO BCEX O3epax MMEIoT
BETBWUCTOYCble 1 BecrioHorne padku (Tabn. 1).

B Manbix o3epax JIUTBbl B fieTHE-OCEHHUIN Nepu-
o BuaoBoe 60ratcTBO KOPMOBbIX OOBLEKTOB PAMYLLKM
C. albula poctaTtouHo Benuko (19 TakcoHoB) (Bykenb-
cknc un Ymbpacawute, 2016). Mo Tuny nUTaHna AaHHbIA
BUA SIBMSIETCA TUNWYHBIM nnaHkTodarom. Bo Bcex
o3epax B nuule pbld npesanupoBanu BETBUCTOYCbIE
1 BECMOHOrMe pakoobpasHble 1 NIMYMHKA XMPOHOMMA,
Kpome Toro, psanyLuku notpebnsany monntockos Bithyn-
ia v Dreissena (03. Ynunpuc) n muaung (o3. dayran).

WcecnepoBaHusa paumoHa psaAnywku B 03. Burpbl
(ceBepo-BocTovHasa [lonblia) nokasano TeCHYH
CBA3b CMeKTpa NUTaHUsA C CE30HHOW AMHAMWKON YuC-
NEHHOCTN 1 BUAOBbIM pasHOOOpa3neM 300MMNaHKTo-
Ha (Czarkowski et al., 2007). BecHoli n oceHblo pbiba
nuTanacb KpynHbIMW BECITOHOTMMM pakooOpasHbIMU
Cyclops vicinus Ulyanin, 1875 n Eudiaptomus gracil-
oides. B neTHue mecsubl oHa notpebnsna BeTBUCTO-
ycbIX padkoB: Daphnia cucullata, D. cristata, D. hy-
alina Leydig, 1860; B He3Ha4yuUTENbHOM KONUYeCTBE
ObINM Takke 3aperncTpUpoBaHbl NIMYUHKN N KYKOSKK
amdumbrnoTnyeckux Hacekomblx (Chaoborus sp. n Mi-
crotendipes sp.).

B o3epax PuHnanguu, Nepmannn n LWeseuunn psi-
nywka (C. albula) n3sectHa NpenMyLLECTBEHHO Kak
nnaHkTodar, T. €. OHa NUTAETCA B OCHOBHOM CE30HHO
0OUMNbHBIM 300MAHKTOHOM, TaKMM Kak Knagouepbl 1
BecrnoHorue pakoobpasHble, ¢ Hebonblnm fobasne-
HVeM nUYMHOK Hacekomblx (Mamcarz and Btoniarz,
1995; Schulz et al., 2003; Viljanen, 1983). Ecnn xe
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OOCTYMHbl TakMe KpynHble KOPMOBble OOBLEKTbI, Kak
Bythotrephes longimanus, Leptodora kindtii v mu3nabl,
TO OHU CTAHOBATCH JOMUHaHTamu B pauuoHe (Scharf
et al.,, 2008; Schulz et al., 2003; Viljanen, 1983).
BeHTOCHbIE OpraHn3Mbl (JIMYUHKU XUPOHOMUA, U aM-
dvnoabl) B paumoHe pAMyLIKA OTMEYaroTCsl Kak eau-
HWYHbIE U CNyYanHble NULLEBbIE KOMMOHEHThI (< 2%)
(Northcote and Hammar 2006; Scharf et al., 2008).

HekoTopble uccnenoBaHns BbISIBUNK 3aKOHOMEP-
HOCTU B MULLEBbLIX NPEANOYTEHNSX PAMYLUKU: Hanpw-
Mep, Mu3nabl Bblbrpanuch eto B pasHble Ce30HbI roaa,
TOr4a Kak Haynnmm BeCroHorMx pakoobpasHbix Bcerga
nsberanuce (Scharf et al., 2008). Muanapl B 6onbLUNX
KonuyecTBax BCTpeYanuch B xenyakax pbid B nepuog,
Korga MX YWCMEeHHOCTb B nenarvany Obina BbICOKON
NPU HU3KOW JOCTYNHOCTN ME30300MaHKTOHa.

PacueTbl MHOEKCOB W30MpaTenbHOCTM psAMyLU-
KM B PMHCKMX O3epax mokasanu, 4To oHa Bbibvpaet
0ObIYHO KpYMHbIE BUALI BETBUCTOYCbIX U BECIIOHOMMX
pakoobpasHbix (Viljanen, 1983), noatomy nameHeHus
CrekTpa ee NUTaHWs OTpaXarlT CE30HHblE U3MeHe-
HMa B coobLlecTBe 300MMaHKTOHa U 3aBUCAT oT 6o-
raTtcTea JOCTYMHbIX KOPMOBbLIX OPraHU3MOoB.

BonbLeseMenbcKas
n Manosemesnbckas TyHaApA

B o3epax Manosemenbckon TyHOpbI PSiNyLLKA MHO-
rouncrieHHbl. B 03. lonogHas ryba ee ocobu anvHon
Terna oo 19 cM B vone—asrycte nuTanucb BETBUCTO-
ycbiMK paykamu pogoB Bosmina, Chydorus, Daphnia
(KopHunosa, 1967; ®ageesa, 1999). B nueBomM KoM-
Ke aTuX pbld Takke uspeaka Obiniv OTMEYEHbI NMUYMHKN
N KYKOJITKM XMPOHOMMA, a Takke UX MMaro. XapakTepHown
YepToWw AaHHOro 03epa, Kak 1 Apyrnx BO4OEMOB CeBep-
HbIX LUMPOT, SBISIETCA MaroKOPMHOCTL Ans pblO-nnaH-
KTOharoB, MOCKOMbKY MMOTHOCTb  300MSaHKTEPOB
(pogoB Bosmina, Chydorus, Daphnia, Conochilus, a
Takke Keratella cochlearis v Kellicottia longispina) H3-
ka: ot 0.3 go 0.6 r/m® (MmaHT un gp., 2018).

WccneposaHue ocobeHHocTen nuTtaHns C. sardi-
nella (15-21 cm), obuTatowen B p. Yca, nokasarno,
YTO OCEHbID COCTaB MULLIEBOrO KOMKa Ha Tpu YeT-
BepTU (72.8%) cocToan n3 umaro Bo3gyLUHbIX Hace-
kombIx (Boposckon n Hosocenos, 2020). Bbicokue
3Ha4YeHNs J0MNM B3POCHbIX HAaCEKOMbIX B MULLEBOM
KOMKe COoBMasnu ¢ MOMeHTaMu Ux BbifieTa U3 Boabl No-
cne metamopcosa. Cpegn nmaro, 06HapyXEHHbIX B
Xenygkax psinywku, npeobnaganv AByKpbible Sim-
ulidae (24-51% no macce), Mycetophilidae, Musci-
dae u Chironomidae. BogHble NUYMHKM HACEKOMbIX,
obutatoLme Ha NOBEPXHOCTU FPYHTA (FTMYMHKN XMPO-
HOMWZ, MyX-DeperoByLuek, py4EMHUKOB, BECHSHOK U
NOAEHOK), ObINMM MeHee BaXHbl B NMUTAHUWN PAMYLLKA
(coctaensnu 24% no macce).

Meuyopckas psnylwka B aBrycte—ceHTsbpe, mu-
rpypys B pekax Ha HepecTunuiia, oObIYHO AePXMTCS
B MOBEPXHOCTHbIX crnosix. B cBA3n ¢ aTum oHa nuTa-
€TCcs y NOBepXHOCTU, cobupasi Mmaro HaceKoOMbIX —
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MoLuek u komapos (ConoBkuHa, 1962). B genste un
npeaycTbeBoM y4acTtke p. Nevopbl panyLlika nuTaeT-
cs1 6ecno3BOHOYHBIMUM MMaHKTOHa 1 6eHToca (Page-
eBa, 1999). B noMMeHHbIX U NpUPYCNoBbIX BogoEMaX
pekn B koHue utona C. sardinella B 3Ha4NTENbLHOM
KonuyecTBe noTpebnsina pakoobpasHbix (3BepeBa
n ap., 1953). MNpu atom psanyLlka, HarynueawLlas-
Csl HEMNOCPEOCTBEHHO B pPyCre pekn n ee nputokax,
nuTanack no H6onbLWen YacTu UMaro HacekoMbIX (Kak
HaseMHbIMWU, TaKk U BOAHbIMU dopMamun), a TakKke
AOHHbIMKM  Becno3BoHOouYHbIMU  (ConoBkuHa, 1962).
Cpenu 6ecrno3BOHOYHLIX B paLVoHe Bbinn OTMEYEHbI
NNYMHKN XMPOHOMUA, PYHENHUKOB, NOAEHOK N BECHS-
HOK. 300MMNaHKTOH BCTpeyarncs pegko.

B nenete p. MNevopbl BO3MOXHOCTb NUTATLCA NiaH-
KTOHOM psnyLLUKe NPefoCTaBNAeTCs TOMbKO B Tenmble
rogbl. B 3TM nepuoabl OCHOBY ee NUTaHUs NeToM Co-
CTaBMsANM BETBUCTOYCbIE paqKku, KYKOMKN XMPOHOMUA 1
B3pocnble HacekoMble (KopHurnosa v NaHoBa, 1964). B
XONnoAHble rofdbl B Aenste pekn u B KopoBuHckon rybe
Meyopckoro 3anvea 300MIAHKTOHa HEQOCTATOYHO AN
nutanus panywku (KopHunosa, 1970).

B 03. bonbwon Xapben (6accenH p. Neyopbl,
BOCTOYHas 4acTb bonblue3emensCckon TyHOPbI), Kak
W B Apyrux o3epax TyHApbl, KpanHe Tennble roaa ve-
peayoTcsa ¢ kpanHe xonoaHbiMn (Jlockytosa, 2002).
CocTtaB nuwy psnyLwkM B Xapbenckmx o3epax B Te-
nnele rogbl (B aBrycre—ceHTsiope) obbl4HO npeg-
cTaBreH 3oonnaHktoHoM (> 50%), a B xonoaHble — B
OCHOBHOM GEHTOCHBLIMY 6€CNO3BOHOYHBLIMU — NINYUH-
Kamu xupoHomuz un monntockamu (Cugopos, 1974).
CnekTp nuTaHus y pbib, obuTalowmnx B pasHbIX 03e-
pax, HeoAMHAKOB MO COCTaBy KOPMOBbIX OOBLEKTOB.
Hanpumep, B pauuoHe psnywks B 03. bonbLioin
Xap6en B Tennbivi roq npeobnaganv BETBUCTOYCble
payku (67% no macce), a B BawyTknHbix o3epax —
BecnoHorune payku (KydunHa n ConoskuHa, 1970; Cu-
aopos 1 PelwetHukos, 2014).

3anagHbie 1 BOCTOYHbIe PEernuoHbI
Cubupm

MenkoBogHas (go 20 m rny6uHon) Ob6ckas ryba
(actyapwuii p. O6u) GonbLyto YacTb roga (240 cyTok)
HaxoauTca nodo nbaoM. PeyHble Boabl, Hecylme
GuoreHbl 1 3anac Tenna ¢ lra, CMeLUMBaloTCA 34eChb
C xonogHblMu coneHbiMn Bogamu Kapckoro mops,
yTto hopmMupyeT ocobble rMapONoro-rapoXummnye-
CKkue ycrnosus, GnaronpusaTHble Anst obunbHOro pas-
BMTUSI MnaHKTOHa u 6eHTOCca 1 AN BOCNPOU3BOACTBA
PSINYLUKN.

Moutn Bce obutarowme B OGckon rybe pbibbl
nuTalTcsl O6EHTOCOM, OAHAKO pPSAMyLIKA W KOPHLL-
Ka ynotpebnsaT B nuLly 300MNMaHKTOH. 10 AaHHbIM
B.C. lOxHeBon (1955), panywka, obutatowasa B O6-
ckov rybe, nNeTom nNuTaeTcsi B OCHOBHOM MMaHKTOH-
HbIMK padykamu popoB Daphnia, Bosmina, Cyclops.
n gp. (Tabn. 1). Ocobu, oGHapyXeHHble B cpeaHen
yactu rybbl, noTpebnsanm padkoB poga Heterocope
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n cemenctea Diaptomidae, a B ceBepHOW 4actu —
Senecella calanoides Juday, 1923, Bosmina sp. n
Daphnia sp. (NewmHckas, 1962).

MuTtaHne psinywku, BcTpedatowerics B Ob6ckon
ry6e OCeHbo M 3UMOW, 3HAYUTENBHO OTNIMYAETCS OT
netHero. Mo aaHHbiM B.B. CtenaHoson u C.A. Cre-
naHoea (2006), B ceHTABpe 1 okTAbpe ocobu gnuHom
Tena 16-27 cm notpebnsoT amdunog Monoporeia
affinis, kotTopble moryT coctaenaTb Ao 100% cogep-
Xumoro xenyaka (oo 600 ak3. Ha pbiby). B peka-
Ope—siHBape B ee nutaHuu, kpome M. affinis, Gbinu
obHapyXeHbl BecrnoHorne padku Limnocalanus ma-
crurus G.O. Sars, 1863 1 muauabl. [pn 3TOM aKkTUB-
HO NMUTaNMCb OKOJIO MOSTOBWHbI UCCNELOBAHHbIX PbIb.
B cdeBpane—mapTe OCHOBHbIMWU OObEKTAMU NUTAHUS
PANYLIKX MO-NpexHemy ObinvM KansHouabl, cpeau
KoTOpbIX AomMuHupoBan L. macrurus (ao 100% no
macce) (CtenaHoBa, 2017). Amcunogbl (Hanbonee
yacTto Onisimus spp.) B ee nuue coctasnanun 25%,
a muaungbl — 12%. Takum oGpas3om, B MoOANeaHbIN
nepuog Ans psnyLwk4, obutatowen B O6ckon rybe,
XapaKTepHO CMeLLaHHoe NUTaHue ¢ npeobnagaHmem
KPYMHbIX pakoobpasHbIX.

B o3epax Hopuno-llsacuHckon 03epHO-peyHoi
CUCTEMBI, OTIIMYAKLLMXCS CYPOBLIM KIMMAaToMm, psi-
nywka xapakrepuayeTcs OonbLlo/ NUEeBON nna-
CTUYHOCTbIO (HukynuHa n Pomanos, 2019; lNonos,
2007) u cMellaHHbIM TUMOM MUTaHUS, BKNIOYAKOLLNM
300MMaHKTOH, 3000EHTOC M BOAHYK pacTUTenb-
HocTb (PomaHoBa, 1948; CbiieBa U JlyKbsiHYMKOB,
1964). MNo paHHbIM H.B. BepwmnHuHa n A.B. CblueBor
(1964), monoap psanyLwwkn, obuTaoLwas B npubpexse
o3ep nnato lNytopaHa (Jlama n Menkoe), nuTaetcs
KornoBpaTkamu, padkoBbIM MAAHKTOHOM, FMYMHKaMM
N KYKOIKamMu XUPOHOMUS, a TaKKe MMaro HaceKoMbIX.
PaumoH B3pocnbix pbib (anuHon Tena go 25 cm), Ha-
rynuBatoLLMXcs B nenaruanu, 6onee y3ok: OH BKMo4Ya-
€T B OCHOBHOM BETBUCTOYCbIX pavykoB poga Bosmina,
KpynHbIX KansaHoua Limnocalanus grimaldii (Guerne,
1886) n L. macrurus v B MeHbLLEN CTENEHN — NUYu-
HOK W KYKOMNOK XMpoHOoMMA. B 300nnaHKTOHe 3TmXx
03ep npu cpeaHen buomacce 0.5 r/m® 0bbIMHO JOMU-
HUPYIOT KONMOBPATKM U BECIOHOIME payvku, a B 300-
BGeHTOCe oTMeueHbl 6onee 40 BUMOOB XMPOHOMUA U
6okonnaebl (3ageneHos u ap., 2017).

CnekTp NUTaHWst pANYLIKA B BbICOKOLUMPOTHOM
03. Tanmblp BapbUpyeT Mexay rogamu B 3aBUCU-
MOCTW OT YPOBHSI pa3BUTUsI NiaHKTOHa n B6eHToca B
nepuo o4yeHb KOpOTKOro neta. Hanpumep, no gas-
Hoim B.H. Tpese (1957), psnywka, obuTtalowas B
03. TariMbIp, NMTanack B nenarvanu UCKMtoYNTENBHO
Konenogamu, nNuulb u3peaka noefas NUYUHOK XMUPO-
Homuza,; no aaHHbiM J1.K. ManvnHuHa n gp. (1988), Tan-
MbIpckas psinyLuka notpebnsana B OCHOBHOM OeHTOC
(amcpunog 1 mMusMa), a Takke BO3AYLUHbIX HaCeKo-
MbIX. BecHol B nepuog naBogka BOKpYr 03. TanMbIp
Ha 3—4 Hepenv ob6pasytTCa MENKOBOAHbLIE 3aNUBLI U
OyXxTbl, Cny>xaLime OOMNONHUTENbHBIM MECTOM Haryna
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Ans psanyLwwku. JleTom B o3epe Guomacca 300MnIaHKTo-
Ha Hu3ka (0.16—-0.23 r/m*), B TO Bpems Kak 3006eHTOC
XOpOLLO pa3BuT, 0COOEHHO B 3anuBax, rge ero 6uo-
macca gocturaeT 5.6 r/im? (Kuswko, 1995). OgHako
CTOUT OTMETUTb, YTO 57% pbIb ObINM C NYCTBIMK Xe-
nyakamu. B.W. Kusawko (1995) nokasana, 4to B XO-
pOLLO nporpeBaemMbIX 3anmBax 03. TaMbIp pauuoH
PAMNYLLKX COCTOUT U3 aMmdurnos, MMYNHOK XMPOHOMUS,
ocTpako 1 MONJHOCKOB.

Ha cesepe KpacHospckoro kpast B p. XaTaHre
n XataHrckorn rybe B nMUTaHWM pPAMNYLUKA OOMUHMPY-
HOT NUYMHKU XMPOHOMUA, U PYYENHUKOB, amunoabl,
MuU3Mabl, BoaHble pacTeHusa (JlykesHumkoB, 1967,
PomaHos, 1997; PomaHoB 1 KapmaHoBa, 2005). 3oo-
NMaHKTOH NPeAcTaBneH cnabo, NOCKONbKY B peKe OH
ypesBblYanHO GeaeH. Onsa TypyxaHCKON pAnyLUKU U3
CpedHero n HUxHero tedeHus p. EHucen, kak u gns
Apyrmx BogoeMoB Cnbupu, xapakTepeH CMeLIaHHbIN
"N nutanusa. OgHako B oTAenbHble rodbl psnyLuka
noTpebrnsieT NpPenMyLecTBEHHO 300MMAHKTOH, a B
apyrve — OOHHbIX ©6ecno3BoHo4HbIX (Monoe, 2007;
YcTioros, 1972, 1976).

[MaBHbIMM KOMMOHEHTaMW NUTaHNUS pANyLUEK-ce-
rornetok, obutatowmux B p. Konbime, GbnM nuymnHKu
CTpeKo3 n gpyrnx Hacekombix (6onee 50% BcTpeya-
emMocTn), Monnocku n amcpunogsl (degoposa u ap.,
2011). B paumoHe ABYxNeTHUX pAnyLlek Bo3pacTtana
nona monntockoB cem. Planorbidae u Pisidiidae. Y
pbi® CTapLumMx BO3PACTHbLIX rPynn B NUTaHUN LOMMU-
HUPOBanu MUYUHKM HACEKOMbIX. B HMXHEM TeueHun
p. Konbimbl, rae B 300NMaHKTOHE BbIsIBNiEHa BblCOKas
YMCIMEHHOCTb KONOBPATOK, BETBUCTOYCbIX Bosmina
longirostris n BecnoHormx paykos Limnocalanus ma-
crurus (obwas ymcneHHoctb oT 17 go 121 Tbic. 9k3./
M3), psinylwka TeM He MeHee npegnovvTana nuratb-
csl AOHHbIMKM Becno3BoHoYHbIMM (PegopoBa U Ap.,
2011).

3akno4yeHue

AHanua coctaBa paLMoHa eBponenckon n cnbmp-
CKOW psinyLUEeK B pasnuyHbiXx Bogoemax EBpasun (kak
CpenHuX, Tak N BbICOKMUX LUMPOT) NoKasar, YTo CNeKTp
noTpebnsiemMbiX €0 OPraHM3MOB OOCTATOYHO LUMPOK:
OT Mernknx oopm p1TO- 1 300MMAHKTOHA A0 KPYMHbIX
OEHTOCHbIX pakooOpasHbIX, NMYMHOK HAaCEKOMbIX,
MOJUIOCKOB U paxe pblb. HecmoTps Ha To, 4TO no
CTPOEHMWIO YENOCTHOrO annapata psinywka 6onblue
afjanTMpoBaHa K NMUTAHWUKO B TOLE BOObl MENKMMM
paykamu, OHa MOXeT NoTPednATb 1 AOHHLIX Gecno-
3BOHOYHbIX.

Bogoembl, pacnonoxeHHsle B 6opearnbHON 30He
Esponbl u Poccum (03. MNMneweeso, o3epa toxHou Ka-
penuun, Nagoxckoe, OHexckoe, 03. BuwTbiHELKOE,
Jlekwumosepo n KeHosepo v Op.) xapaktepusytotcs
OOCTaTOYHO BbLICOKMM YPOBHEM pPas3BMTUS 300MSaH-
KTOHHOro coobLLIECTBA B Nepmog, Haryna panyLuKku; Ta-
KM 06pas3om, ee nNuLLeBblE NOTPEOBHOCTM NONMHOCTLHIO
obecneymBaloTCA 3a CYET PaAYKOBOro 300MSAaHKTOHA.
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Mpyn 3TtoM, nNUTasCcb MNpPeMMyLLECTBEHHO BETBUCTO-
YCbIMW U BECITIOHOTMMM padkamMu, psinyLKku Bcerga
npegnoynTaloT 6onee KpynHble 0OLEKTLI, TakNe Kak
npeacrasuTenn ponoB Leptodora, Bythotrephes wn
Limnocalanus. B 6onbluMHCTBE BOAOEMOB, fae Ha-
Gntogaetcst ce3oHHas M3MEHYMBOCTb KayeCTBEHHbIX
W KOMUYECTBEHHbIX MoKa3aTenen 300MNaHKToHa,
Bbl3BaHHas Kak OCOOEHHOCTAMWU TMAPONOrNYeCKmX
YCINOBUWN, TaK U crneundmKon BUonormyecknx LUKNoB
300MS1aHKTEPOB, psnyLlka MOXeT WU3MEHUTb MuLle-
BYIO CTpaTernto B COOTBETCTBUU C BO3HUKLLUUMW TPO-
duyecknmn ycnosusMn. Ipy 4OCTYNHOCTU KPYMHbIX
06bekToB GEHTOCa OHA MOXET YCMELUHO NEPEXOANTb
Ha NUTaHWe UMK, NpegnoyvMTas B NepByl0 ovepenb
pakoobpasHbiX M HacekoMmblX, nNMbo, B criyyae ux
Kornnanca, — Takke MOJSITHOCKOB, pbld 1 hutobeHTOC.
Bkntoyasi B nMTaHMe BCEBO3MOXHbLIX MaCCOBLIX 00U~
TaTeneun gHa, TOMWKY BOOOEMOB 1 BO3QYLLHOW Cpeabl,
OaHHbIV BUA pblb NPUCNOCOBMIICA K XKU3HM B pasHo-
obpasHbIXx BOOOEMAX pasfuuYHbIX LMPOT U [axe B
OYeHb cypoBbIx ycnoeusix Cubmpu n KpawnHero Ce-
Bepa, rae npoaorkaeT ocTaBaTbCd OAHUMM U3 LIEH-
Herwmnx oObeKTOB NpoMbicrna. Psnywka oyeHb nna-
CTMYHa B BblOOpe NULLEBLIX OOLEKTOB B YCMOBUSX
cnaboro pa3BuUTMS KOPMOBOW 6asbl, MO3TOMY CMEKTP
ee NUTaHus BecbMa pa3HooOpaseH U M3MEHYMB Kak
B CE30HHOM, TaK U NPOCTPAHCTBEHHOM (LUMPOTHOM)
oTHoLeHun, Kpome Toro, ee BbIGOP NULLIEBLIX 0O LEK-
TOB B BbICOKOW CTENEHN 3aBNCUM OT BropasHoobpa-
31 U NPOAYKTUBHOCTU BO4OEMA.
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Diversity of food spectra of vendace
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Abstract. The composition and relative importance of food organisms in the food bolus were analyzed for two
species (forms) of vendace: European vendace Coregonus albula and sardine cisco C. sardinella from water
bodies of Russia (Yaroslavl, Vologda, Kaliningrad, Arkhangelsk and Murmansk Oblasts; Altai, Novosibirsk,
and Krasnoyarsk Krais; Republic of Karelia, Komi Republic, and Yamalo-Nenets Autonomous Okrug), Finland,
Sweden, Norway, Lithuania, and Poland. Vendace is a typical planktivorous fish in most lakes of the boreal
zone, but euryphagous consuming significant number of benthic invertebrates in the northern water bodies of
Eurasia. Both forms of vendace are characterized by feeding plasticity, diversity of the food spectrum and its
seasonal and spatial variability. The ecological and geographical features of the lakes precondition the com-
position and abundance of food organisms, thus influencing the food spectrum of vendace.

Keywords: Coregonus, fish nutrition, trophic links, plankton, benthos, feeding plasticity, euryphagy, productivity..
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AnHomauyusi. B xoge paboTbl 6binn nsyyeHsl ayHa 1 BepTuKanb-
Hoe pacnpegeneHne OynaBoycCbix YellyekpbinbiX xpebrta Mon-
no-Too (BHyTpeHHUn TaHb-LLlaHb). MaTtepuan ana uccnegosaHum
cobupancs B TedyeHne 12 neTHMX ce30HOB B 9 Toukax xpebTa. Ero
ayHa HacuuTbiBaeT 118 Bugos Rhopalocera: 9 Bugos Hesperiidae,
7 Bugos Papilionidae, 15 Bugos Pieridae, 21 sug Nymphalidae,
23 Bupa Satyridae, 1 Bug Riodinidae n 42 Buga Lycaenidae. Mo
BepTMKanbHbIM NosicaM OHW Bbinu pasgeneHsl cnegyowmmM obpa-
30M: 79 B1MOoB B HU3koropee, 100 — B cpegHeropbe, 60 — B BbICOKO-
ropbe 1 31 — B CBEPXBbLICOKOrOpbe. PacnpeneneHne no KrnoveBbiM
Buotonam: 91 BMA BCTPEYAETCS B CTEMHbIX M OCTEMHEHHbIX CTauu-
sx, 105 — B cyxux nyrax, 57 — Bo BnaxHbIx nyrax, 14 — B ocbinsx,
23 — B ckanbHuKax n 18 — B 3apocnsix KyctapHukoB. OBHapyxeHo
CX0OCTBO Mexay hayHamu HU3KOrOpUIM 1 CpegHeropumn, a Takke
hayHamu BbICOKOropui 1 cBepxBblCokoropuin. Kpome toro, obHa-
PY>XEHO, YTO dhayHbl ABYX M3 LLUECTM KIHOYEBbLIX BUOTOMNOB (CTEMHbIE
M OCTEeNHeHHble CTaumm 1 cyxue nyra) cxogHel. OBcyxaatotes npu-
YMHbI 3TUX CBA3EN.

DOI: 10.23859/estr-210215
YK 595.789

Knouesbie criosa: pgHeBHble Gaboukun, cdayHa, CpegHsas Asus,
Kuprusus.

[ns yumuposanrusi. Kopb, C.K., 2021. bynaBoycble Yeluyekpbinble (Lepidoptera, Hesperioidea et Papilionoidea) xpe6ta Mongo-Too (BHy-
TpeHHu TaHb-LaHb): dpayHucTuieckuii aHanns n BeptukanbHoe pacnpegenedune. TpaHcgopmayus skocucmem 4 (3), 130-140. https://
doi.org/10.23859/estr-210215

BBeaeHue

BynaBoycble 4ellyeKpbinible TOpHbIX 0bnacren
CpegHent A3un aBNa0TCA NpegMeTOM akTUBHOIO U3y-
YyeHust Ha npoTskeHun yxe 6onee 150 net. OgHako
nccnenoBaHus rmaBHbIM 0OpPa3oM COCPEAOTOYEHbI
Ha BOMpPOCax CUCTEMATUKM U HOMEHKNaTypbl; 0600-
LLIEHNS HAKOMIMEHHbIX AaHHbLIX N0 hayHe M 3Konorum

OHEeBHbIX Gaboyek pernoHa npoucxoasT AO0BONbHO
penko. Hanbonee xopoLlo M3y4eHHbIM B 3TOM OTHO-
weHun panioHom senaetcsa CeBepHbin TsHb-LUaHb;
Opyrve ropHble obnacTt nsyyeHsl 3ameTHO criabee.
IOns CesepHoro TaHb-LaHa BepTukanbHoOe pacrnpe-
JerneHne OynaBoyCbIX YeLlyeKpbifibiX UccregoBaHo
Ansi Bcex xpe6ToB (XKaaHko, 1979, 1983; Kopb, 1994,
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2012, 2015); petanbHO M3y4YeH M cocTaB hayH 3Ton
obnactu (Kop6, 2000).

Bo BHyTpeHHeM TaHb-lLlaHe BepTukanbHoe pac-
npegenexHve He ObINO M3y4eHO HU B OAHOM XpebTe,
a cocTtaB hayH M3BECTEH TOMbKO AN OBYX XpebToB
n3 BocbMu: Cyycambiptoo (Kop6, 2010) n Dxymran-
To0 (Korb, 2018). Mexagy Tem BONpocbl aHanusa
BEPTUKANbLHOrO pacnpeaeneHnss u coctasa ¢ayH oT-
OernbHbIX XpebTOB KpawHe BaXKHbl OIS MOHUMaHUs
npoLeccoB ayHoreHesa ropHbix Tepputopun Cpeg-
Hen Asnmn (KpbibkaHoBckun, 1965), ocobeHHO noTomy,
YTO YacTb FOpPHbIX XPeOTOB permoHa UMeET NOsICHOE
BepTukansHoe pacnpegeneHve (CemeHoB, 1858), a
YacTb — MosaumyHoe (3umuHa, 1964). B yacTHocCTH,
Ha CeepHoM TsaHb-lLlaHe 4YeTbipe xpebTa w3 nsaTM
XapaKTepusylTcs NOsICHbIM BepTUKarnbHbIM pacrnpe-
AeneHvem bynaBoycbix Yellyekpbinbix (Kop6, 2012) n
oavH — Mmo3aunyHbiM (Kop6, 2015). Kpome TOro, MoXHO
NpeanonoXuTb HanuuMe cMeLlaHHOro (NosCHoO-mMo3a-
WYHOr0) BepTMKanbHOro pacnpeneneHunst bynaBoychbix
YellyeKkpbinbix B ropax CpegHen Asum, ogHako 4O Ha-
CTOSILLIErO BPEMEHN OH He OblNl NPOAEMOHCTPUPOBAH
HW1 Ans ogHoro xpebTa.

Ha cerogHsWHWIA AeHb HeQOCTaTOMHO MaTepua-
na ans BbIBOOOB O TOM, HACKOMbKO YacTo BCTpeya-
eTcsi BepTUKanbHOe pacnpegeneHve OGynaBoycbix
YeLlyekpbInbIX Mo3anyHoro Tuna B CpegHen Asum u
KaKoOBbl 3aKOHOMEPHOCTU ero pacnpocTpaHeHus. Ha-
cTosiLas paboTa npeacTaBnseT cobon NpogormkeHne
nuccnenoBaHUn BepTukanbHoro pacnpegeneHms Rho-
palocera ropHbix xpeb6ToB CpegHen A3nm 1 gormkHa
NoCnyXnTb ovepeaHbIM 3TanoMm B Aere HakonneHus
OaHHbIX, HEOOXOANMBIX AJ1S1 MOHMMaHUS ero 3aKOHO-
mepHocTen. Xpebetr Mongo-Too 6bin BbiGpaH B ka-
YyecTBe MOAENbLHOro AN U3YyYeHUs BepTMKarbHOro
pacnpegeneHus GynaBoychix YeLlyekpbInbIX Mo cre-
OyoLWUM NpUYnMHaM: BO-NepBbIX, OH HAX0AUTCS Npak-
Tuyeckn nocepeavHe BHyTpeHHero TaHb-LaHsa u ero
dayHa Rhopalocera mMoxeT cuuTaTtbCs STanoHOM;
BO-BTOPbIX, NPAKTUYECKN BCA €r0 TEPPUTOPUS NeErko-
JoctynHa (BAonb Bcero xpebTa npoxoasaTt yaoOHble
aBTOMOOWIbHBIE O0POrK); B-TPETbUX, NOAropHas
paBHMHA MHOMO CTOMETUN BO3AENbIBAeTCs Yernose-
KOM, U B AanbHenwWeM Hallu uccrnefoBaHUa MoryT
neYyb B OCHOBY CpaBHEHWUsI C MeHee unu bornee Ha-
pyLEHHbIMK chayHamun apyrux xpebToB BHyTpeHHero
TaHb-LaHg, a Takke coceqHUX ropHbIX CTPaH.

MaTepuan n MeToabl

Xpebet Mongo-Too npoctupaeTcs B LUMPOTHOM
HanpaeneHnn Mexay aonvHamu pek KékémepeH wn
HapblH; onnHa xpebta coctaBnsiet okono 150 km.
Haunbonee Bbicokas BepluvHa pocturaet 4185 m
HaZ YpPOBHEM Mopsi. XpebeT CcroxeH npenmyLle-
CTBEHHO U3 U3BECTHSIKOBbLIX FOPHbLIX MOpoa ¢ obLwnp-
HbIMW BKMOYEHUSIMU TIIMH U NecdaHuKkoB. HmkHASA n
CpedHsasa 4acTb CKITOHOB 3aHsiTa CTEMHOW U MecTa-

MW MOSyNyCTbIHHOW PacTUTENbHOCTBIO (3MaKkoBble U
pasHoTpaBHble CTenu, kobpesneBble COOOLLECTBA,
nonbiHHO-kOOpe3neBble U NOMbIHHO-3M1aKoBbIE NOIy-
NyCTbIHW); BbIlLE PACMoONOXeHbl 3apOCnN KyCTapHM-
KOB 1 iepeBbeB (apya, enb).

Matepuan cobupanca B NETHUA Ce30H (C
uioHa no aeryct) B 1997, 1999, 2001, 2005, 2007,
2009, 2014 — 2019 rr. B cnegywowmx nokanute-
Tax (Puc. 1) (1) kaHboH Kok-XKeptol (N 41°33'39"
E 73°56'17"); (2) okpectHocT noc. [locTyk
(N 41°22'46" E 75°38'18"); (3) okpecTHOCTM A. Ky-
nanak (N 41°2121" E 75°30'13"); (4) okpeCTHOCTM
noc. Ak-Tan (N 41°24'26" E 75°3'43"); (5) okpecTHO-
ctn a. Ak-Kbist (N 41°27'15" E 74°59'51"); (6) nepesan
Kopo-T'oo (N 41°31'34" E 74°42'37"); (T) okpecTHOCTU
03. CoHr-Kernb B 12 kM Kk B OT yronsHoro mectopoxge-
Hust Kapa-Keue (= Kopym-Kedy B cTapbix pabotax)
(N 41°45'7" E 74°55'7"); (8) okpecTHoCTU I. KazapmaH
(N 41°24'18" E 74°2'6").

[ns cbopa maTeprana Ha Kaxayr TOUKY BbIMOf-
HANock 3—5 NpPSAMbIX MapLUpyTOB, paananbHO pacxo-
AALUMXCA OT narepsi aKcneauunn, NpoTsXKEHHOCTbIO
3—7 KM, c HabopoMm BbIcOTbl. COOpLI NPOBOANUNUCH 3H-
TOMOOMMYECKUM CaYKOM Ha MMHENHbIX MapLupyTax
ONSl CIIOXHO MOEHTUMULMPYEMbIX BUOOB; OANS NErko
NMOeHTMNLMPYEMbBIX TAaKCOHOB BbIMOMHANACHL BU3Y-
anbHas cukcaums. Becero cobpaHo 4000 ak3emnns-
poB 1 npoBeaeHo 6onee 25000 HabnogeHuin. Kpome
TOro, MCMNOMNb30BaHbl KOMMEKUMOHHbIE MaTepuarnb,
xpaHswueca B 3oonorndyeckom mysee MIY (Mo-
ckBa), 3oonornyeckoMm uHctutyte PAH (CaHkT-le-
Tepbypr), MuctutyTte Grnonornm Komn HL YpO PAH
(CbikTbIBKAp), PUHCKOM My3ee eCTEeCTBEHHON WUCTO-
pun (Finnish Natural History Museum) (XenbcuHkm)
n BepnvHckom My3ee ectecTBeHHoM uctopumn (Muse-
um fur Naturkunde Leibniz-Institut fir Evolutions- und
Biodiversitatsforschung) (bepnun).

O6paboTtka cobpaHHOro martepuana nposefeHa
¢ nomouybto MO Microsoft Excel 2019 n IBM SPSS
Statistics (Bepcua 26). lns cxonctea dayH npume-
HANCA koadpduumeHT Xakkapa, Ans MNOCTPOeHUus
AeHaporpaMMbl Obin Mcnonb3oBaH MeTo bnvkaniue-
ro cocega (MeceHko, 1982). Cnuctema n HoMeHKNaTy-
pa AHeBHbIX 6aboyek NPUHATLI Ha OCHOBE COBPEMEH-
Horo katanora (Korb and Bolshakov, 2016).

Mosica BepTukanbHOro npoduns xpebta Bblae-
neHbl B COOTBETCTBUMU C TPaQULMOHHBIM AeneHnem
(Topoakos, 1984), moauduUUMpPOBaHHBIM K AOMOS-
HeHHbIM Hamu (Kop6, 2012, 2019): HU3koropbe, cpea-
Heropbe, BbICOKOropbe W CBEPXBbICOKOropbe. Turbl
B61oTONOB BbiAENEHbLI B COOTBETCTBUM C UX KIHOYEBOM
POk B COXpaHeHMUM B1uonormieckoro pasHoobpasms
1 onpepeneHbl No METOAUKE, N3noxeHHon A.B. Mpn6-
KOBbIM € coaBT. (2017): cTenHble N OCTEeNHEHHbIE CTa-
uun (Puc. 2A), cyxue nyra (Puc. 2B), BnaxHble rnyra
(Puc. 2C), oceinu (Puc. 2D, E), ckansHukn (Puc. 2F)
W 3apocrnu KyctapHukos (Puc. 2G).
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Puc. 1. Kapta panoHa nccnegosanuin. O603Ha4YeHus NOKannTeToB CM. B TEKCTE.

Pe3ynbTaThbl

Ha xpebte Mongo-Too oTmeyeHo 118 BuaoB
BynaBoycbix uYewyekpbinblx (Tabn. 1). Mo BepTu-
KanbHbIM MOsiCaM OHW pacnpeaeneHbl cneayLwmm
obpasom: 79 B Huskoropbe, 100 B cpepgHeropebe,
60 B BbicOKOropbe 1 31 B cBEpPXBbICOKOropbe. Pas-
JeneHune no knodeBbiM 6uotonam: 91 BMA OTMeYeH
B CTenHbIX W OCTEMNHeHHbIX cTaumsx, 105 — B cyxmx
nyrax, 57 — BO BNaxHbIX nyrax, 14 — B ocbinsx, 23 — B
CckanbHUKax u 18 — B 3apocnsix KyCTapHMUKOB.

AHanua cxofctBa hayH BepTUKanbHbIX MOSICOB
(Tabn. 2) nokasbIBaET, YTO PACMONOXeHHble Hxe da-
YHbI UMEIOT OOonbLLEEe CXOACTBO, YEM PaCMONOXKEHHbIE
Bbile. KoadpduumneHT cxoacTea mexay dayHamm H13-
Koropui n cpeagHeropuin coctaenset 0.750, Torga Kak
ans ayH BbICOKOrOPUN 1 CBEPXBBLICOKOTOPUN OH Xe
paseH 0.500. NocneaHee 3HavyeHWe ABMSIETCA NOPO-
roBbIM Ansi onpefeneHns gayH kak cxoaHbIX. dayHbl

BbICOKOTOPWIA U CPEQHErOPUIA Pa3nnYHbI; Takum obpa-
30M, MO rpaHuLe aTuX ABYX NOSICOB MOXHO MPOBECTU
YCNOBHYIO rpaHb Mexay hayHamu anfioXTOHHOro U
aBTOXTOHHOIO reHesuca.

[opas3go MHTepecHee BLIMAOAT B3aMMOOTHOLLE-
HMSA Mexay hayHamu knroyeBbix 6uoTtonos (Tabn. 3).
3pecb cxoAcTBO HabnogaeTcs TOMbKO Mexay cren-
HbIMW U OCTEMHEHHBLIMW CTALMAMWU N CYyXUMUN NTyramu.
Beuagy siBHOM 06LLHOCTM yCroBui obuTaHus Takas
3aKOHOMEPHOCTb pacnpegeneHns BUAOB Mo Koye-
BbIM BroTonam oxugaema. ®ayHel AHEBHBLIX 6aboyek
ocTarnbHbIX KMoYeBbIX buotonos xpebta Mongo-Too
HEeCXOOHbI.

TakcoHoMuyeckuii coctaB payHbl GynaBoyCbix
YeLuyekpbinbix xpebTa HacunTbiBaeT 9 BugoB Hes-
periidae, 7 sugoB Papilionidae, 15 BuaooB Pieridae,
21 Bug Nymphalidae, 23 Buaa Satyridae, 1 sug Riod-
inidae n 42 Bnpga Lycaenidae. lony6sHku 1 npegcta-
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Puc. 2. KntoyeBble 6uoTOmNbl. A — CTEMHbIE U OCTEMHEHHbIE CcTauuu, okpecTHocTu A. KynaHak, 1800 M; B — cyxue nyra, okpecTtHoCTu
nep. Kopo-loo, 2500 m; C — BnaxHble nyra, okpectHocTu 03. CoHr-Kenb 6nu3 yronbHoro mectopoxaeHus Kapa-Keue, 3200 m; D, E —
ocbinu, okpecTHocTn nepesana Mongo-Awyy, 2000 m (B AByx pakypcax); F — ckanbHukn, nepesan Koro-loo, 2400-2600 m; G — 3apocnu
KycTapHukoB, nogHoxune nepesana CoHr-Kenb-Awyy, 15 km nepeg yronbHbeiM mecTtopoxaeHnem Kapa-Keue, 2200 m. ®oTo aBTOpa (A,
C-G), E. Komaposga (B).
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Tabn. 1. BepTukanbHoe pacnpegenerune n buortonnyeckoe pasmelleHve 6ynaBoychix Yeluyekpbibix xpebta Mongo-Too. | — Huskoropbs
(mo 1500 m), Il — cpeaHeropbsa (1500-2500 m), Il — Bbicokoropbs (2500-3500 m), IV — cBepxBbicokoropbs (Bbiwe 3500 m). 1 — cTenu
M OCTEMHEHHblE cTauun; 2 — cyxue nyra; 3 — BnaxHble nyra (anbnuiickue, cybanbnuickue); 4 — ocbinu; 5 — ckanbHUKK; 6 — 3apocnu
KyCTapHWKOB (LUMMOBHUK, CiMpes).

Ne Bupn BepTtukanbHble nosica BuoTonsl

I Il nm v 1 2 3 4 5 6
1 Carcharodus alceae (Esper, 1780) + + - - + + - - - _
2 Syrichtus antonia (Speyer, 1879) + + - -+ + - - - -
3 S. staudingeri (Speyer, 1879) + + - -+ + - - - -
4 S. proteus (Staudinger, 1882) + + - - + + - - - -
5 Spialia orbifer (Hibner, 1823) + + + - + + - - - -
6 Pyrgus malvae (Linnaeus, 1758) + + + - + + + - - -
7 P. alpinus (Erschoff, 1874) - - + + + + + - - =
8 Thymelicus lineola (Ochsenheimer, 1808)  + + - - + + - - - -
9 Hesperia comma (Linnaeus, 1758) - + + + + + + - - -
10 Papilio machaon (Linnaeus, 1758) + + + + + + + + + +
11 Parnassius apollonius (Eversmann, 1847) - + + - + + + - - -
12 P. tianschanicus Oberthir, 1879 - + + - - + + - + -
13 P. actius (Eversmann, 1843) - - + + - - + o+ o+ -
14 Koramius delphius (Eversmann, 1843) - - + + - - + O+ o+ -
15 K. infernalis (Elwes, 1886) - - - + - - -+ - =
16 K. davydovi (Churkin, 2006) - + + - - + - -+ -
17 Colias cocandica Erschoff, 1874 - - + + - - + - - -
18 C. erate (Esper, 1801) + + + + 4+ + + -  + -
19 C. romanovi Grum-Grshimailo, 1885 - + - - + + - - - -
20 C. staudingeri Alphéraky, 1881 - - + - - + + - - =
21 C. thisoa Ménétries, 1832 - + + - - + + - - =
22 Aporia crataegi (Linnaeus, 1758) + + + - + + + - -+
23 Metaporia leucodice (Eversmann, 1843) + + - - - - - - - %
24 Pieris brassicae (Linnaeus, 1758) + + - - + + + - - -
25 P. canidia (Sparrman, 1768) + + + -+ + - - - -
26 P. banghaasi Sheljuzhko, 1910 + + - - + + + - - =
27 P. napi (Linnaeus, 1758) + + - - % + + - - =
28 P. rapae (Linnaeus, 1758) + + - - + + + - - -
29 Pontia daplidice (Linnaeus, 1758) + + - - + + + - - =
30 P. chloridice (Hubner, 1808—-1813) + + - -+ o+ = = = -
31 P. callidice (Hibner, 1800) - - + + - - + o+ o+ -
NI
33 A. niobe (Linnaeus, 1758) - + + -+ o+ o+ - = -
34 A. adippe (Linnaeus, 1767) - + + + + + + - - =
35 A. aglaja (Linnaeus, 1758) + + + -+ + + - - =
36 Issoria lathonia (Linnaeus, 1758) + + + + + + + - o+ -
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Ne Bupg BepTtukanbHble nosica BuoTonsl

I Il v 3 4 6
37 (Denis ot Schiffermaer, 1775) ot T - -
38 Boloria erubescens (Staudinger, 1901) - + + + + - -
39 B. generator (Staudinger, 1886) - - + + + - -
40 Polygonia egea (Cramer, 1775) + + - - - - -
41 Nymphalis xanthomelas + + _ _ _ _ +

(Denis et Schiffermuller, 1775)

42 Aglais urticae (Linnaeus, 1758) + + + + + - +
43 Inachis io (Linnaeus, 1758) + + + + + - +
44 Vanessa cardui (Linnaeus, 1758) + + + + + o+ +
45 Melitaea didyma (Esper, 1778) + + - - - - -
46 M. ala Staudinger, 1881 - + + - - - -
47 M. fergana Staudinger, 1881 - + + + + o+ -
48 M. trivia (Denis et Schiffermuller, 1775) + + - - - - -
49 M. minerva Staudinger, 1881 + + + - + - -
50 M. pallas Staudinger, 1886 - + + - + - -
51 M. sibina Alphéraky, 1881 + + - - - - -
52 M. arduinna (Esper, 1793) + + - - - - -
53 B eremarm. 1847) o T *
54 Melanargia parce Staudinger, 1882 + + - - - - -
55 Chortobius pamphilus (Linnaeus, 1758) + + + + + - -
56 C. sunbecca (Eversmann, 1843) - + + - - - +
57 Chrkin et Zhdanko, 2001 - - -
58 Erebia mopsos Staudinger, 1886 - - + + + + -
59 E. mongolica Erschoff, 1888 - - + + + o+ -
60 E. radians Staudinger, 1886 - - + + + - -
61 E. progne Groum-Grshimailo, 1890 - - + + -+ -
62 Hipparchia autonoe (Esper, 1783) + + - - - - -
63 Chazara briseis (Linnaeus, 1764) + + - - - - -
64 C. enervata (Staudinger, 1881) + + + + + - -
65 C. kaufmanni (Erschoff, 1874) + + - - - - -
66 C. heydenreichi (Lederer, 1853) + + + - - - -
o EuemnAnesy v v - SRR
68 Satyrus ferula (Fabricius, 1793) + + - - - - -
69  Hyponephele interposita (Erschoff, 1874) + + - - - - -
70 H. dysdora (Lederer, 1870) + + - - - - -
71 H. laeta (Staudinger, 1886) + + - - - - -
72 H. glasunovi (Grum-Grshimailo, 1893) + + - - - - -




136 Kop6, C.K., 2021. TpaHcghopmayusi skocucmem 4 (3), 130-140.

Ne Bupg BepTtukanbHble nosica BuoTonsl

I Il nm v 1 2 3 4
73 H. naricina (Staudinger, 1870) + - - - + - - -
74 H. haberhaueri (Staudinger, 1886) + + - - + + - -
75 H. naubidensis (Erschoff, 1874) + + - - + + - -
76 Polycaena tamerlana Staudinger, 1886 - - + + - - -+
77 Fixsenia acaudata (Staudinger, 1901) + + - - + + - -
G U N L R
79 N. sinensis (Alphéraky, 1882) + + - - + + - -
80 Callophrys rubi (Linnaeus, 1758) + + - - - + - -
81 Lycaena phlaeas (Linnaeus, 1761) + + + + + + + -
82 L. thersamon (Esper, 1784) + + + - + + - -
83 L. solskyi (Erschoff, 1874) - + + - + + + -
84 L. dispar (Haworth, 1802) + + - - + + + -
85 L. splendens (Staudinger, 1881) - + + - + + + -
86 L. margelanica (Staudinger, 1881) - - + + + + - -
87 Athamanthia dilutior (Staudinger, 1881) + + - - + + - -
88 Cupido buddhista (Alphéraky, 1881) - + + + - + + -
89 C. prosecusa (Erschoff, 1874) + + - - + + - -
90 Celastrina argiolus (Linnaeus, 1758) + + - - - + + -
91 Glaucopsyche alexis (Poda, 1761) + + - - - + + -
92 G. aeruginosa (Staudinger, 1881) - + + - + + - -
93 Phengaris cyanecula (Eversmann, 1848) + + + - + + + -
94 Plebejus idas (Linnaeus, 1758) + + - - + + - -
95 P. argivus (Staudinger, 1886) + - - - + + - -
96 P. rogneda (Groum-Grshimailo, 1890) + + - - + + - -
97 P. maracandicus (Erschoff, 1874) + + - - + + - -
98 Rueckbeilia fergana (Staudinger, 1881) + + + - + + + -
99 Alpherakya sarta (Alphéraky, 1881) + + - - + + - -
100 Glabroculus elvira (Eversmann, 1854) + + - - + + - -
101 (Denis eﬁggﬁf?egrﬁwsunlfer, 1775) * * - - F -
102 A. artaxerxes (Fabricius, 1793) + + + - + + + -
103 Afarsia sieversii (Christoph, 1873) - + - - + + - -
104  Agriades pheretiades (Eversmann, 1843) - - + + - + + o+
105 Eumedonia eumedon (Esper, 1780) + + + + + + + -
106 E. persephatta (Alphéraky, 1881) - + + - + + + -
107 Cyaniris semiargus (Rottemburg, 1775) + + - - - + + -
108 Polyommatus amandus (Schneider, 1792)  + + + - + + + -

109 P. ripartii (Freyer, 1830) + + - - + + - -
110  P. damon (Denis et Schiffermiller, 1775)

+
+
|
|
+
+
|
|
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Ne Bupg BepTtukanbHble nosica BuoTonsl
I Il nm v 1 2 3 4 5 6
111 P. iphigenides (Staudinger, 1886) - + + + - + + - - -
112 P. samusi Korb, 2017 - + - - + + - - - -
113 P. melanius (Staudinger, 1886) - + + - + + - - - -
114 P. phyllides (Staudinger, 1886) + + - - + + - - - -
115 P. thersites (Cantener, 1835) + + - - + + - - - -
116 P. venus (Staudinger, 1886) - - + + - - + -+ -
117 P. icadius (Groum-Grshimailo, 1890) + + + - + + + - - -
118 P. icarus (Rottemburg, 1775) + + + - + + + - - -
Bcero 79 100 60 31 91 105 57 14 23 18

Tabn. 2. KoadduumeHTbl cxopactsa no Xakkapy dayH OynaBoyCbiX 4ellyekpbifbiX BepTMKamnbHbIX nosicoB xpebTta Mongo-Too.

0O6o3Ha4YeHUs1 BepTuKarbHbIX NOsCOB kak B Tabn. 1.

BepTukanbHbIn nosic | ] 1] v
I 1.000
Il 0.752 1.000
I 0.212 0.386 1.000
v 0.101 0.140 0.500 1.000

Tabn. 3. KoachdpuumeHTbl cxoacTea no XKakkapy hayH OynaBoycbix YeLlyeKpbIbix KnoveBbix Gruotonos xpebTa Monago-Too. O603Ha4veHus

KIntoYeBbIX 6MoTONoB Kak B Tabn. 1.

Kntouesble GuoTonbl 1 2 3 4 5 6
1 1.000 - - - - -
2 0.848 1.000 - - - -
3 0.336 0.438 1.000 - - -
4 0.051 0.054 0.145 1.000 - -
5 0.130 0.134 0.194 0.370 1.000 -
6 0.149 0.162 0.154 0.067 0.108 1.000

BuTENU HMmdanounaHoro komnnekca (Nymphalidae
n Satyridae; 4acTb aBTOpPOB paccMaTpuBaeT MX Kak
noaceMencTea OAHOrO CEMEWCTBA) NpeacTaBreHbl
NPUMEPHO NMOPOBHY M B LIENIOM COCTaBnsitoT Gonee
OByx Tpeten (72%) Bcen dayHbl. OctaBumnecsa 28%
dhayHbl NpUXoasTca Ha 4 cemMencTsa, M3 KOTOPbIX
Hambonbllas Jons BUOOB NMPUHAANEXUT GensiHkam,
a HaMMeHbLUuas — pUoAMHUOAM.

Hanbonbluee konunyectBo BuAoB Hesperiidae
OTMEYEHO B HU3KOropHoMm (7) n cpeaHeropHom (8)
nosicax. B BbICOKOropbsiXx KOnmM4ecTBO BWMAOB TOI-

CTOrOfIOBOK PE3KO CHMXaeTcs (oTMedeHo 4 Buaa), B
CBEPXBbICOKOrOpbsiX OHO ellle MeHblue (2 Buaa). Ans
Papilionidae oTmeyeHa obpaTHas KapTuHa: B HU3KO-
ropbe oTMedeH Bcero 1 BuA, B CpeoHEropbe 4mcno
BMAOB 3aMETHO yBenuymneaeTcs (4 Buga), a Hambornb-
Lero pasHoobpasusi ceMencTBo OOCTUraeT B BbICO-
koropbe (6 B1uaoB). B cBepXBbICOKOropbe KOnmyecTso
Bugos Papilionidae BHoBb NagaeT Ao 4.

Yucno BmaoB Pieridae B HU3KOropbe 1 cpegHero-
pbe npumepHo paBHo (10 1 12 BMOOB COOTBETCTBEH-
HO); OHO MOCTENEHHO CHUXaeTCs C yBeruMyeHnem
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abcontoTHOW BbICOTHI (7 BUOOB B BbICOKOropbe U 3
— B CBepxBbIcokoropbe). Humdannael, kak u npeabl-
ayliee cemencTBo, OBGHapy>XuBalT MakcuMarbHoe
BMOOBOE pa3Hoobpa3une B cpeaHeropbe (20 BMAOB);
HU3KOropHasi U BbicokoropHas ¢ayHbl Nymphalidae
xpebTa Mongo-Too npumepHo opmHakosble (14 1 13
BMOOB COOTBETCTBEHHO). HauMeHbLLee Yncno Buaos
3TO0 CEMencTBa OTMEYEHO B CBEPXBbLICOKOropbe
(8 BuooB). Catmpuabl B HU3KOropbe N cpeaHeropbe
no KonuMyecTBy BMAOB NpuMepHo pasHbl (17 n 18 Bu-
[0B COOTBETCTBEHHO), B BbICOKOrOpbe WX YMCHO 3a-
mMeTHo napaeT (10), B cBEPXBbICOKOropbe — CHUbKaeT-
cA ele 6onbLue (6 BMAOB).

Riodinidae, npepncrtaBneHHble Ha xpebte Mon-
0o-Too Bcero ogHWM BUOOM, OTCYTCTBYIOT B HU3KOIO-
pbe 1 cpegHeropbe. Lycaenidae nmetot HanbonbLuee
BMOOBOE pa3Hoobpa3une B cpeaHeropbe (38 BMOOB);
B HU3Koropbe oTMeyeHo 30 BMOOB 3TOr0 CeMenCTBa.
KonnyectBo BMOoOB ronybsiHOK B BbICOKOTOpbE B
2 pasa MeHblUe, YeM B cpegHeropbe (19 BuaoB); B
CBEPXBbICOKOrOPbE MUX KONUYECTBO CHOBA CHWDKaETCA
H6onee yem BABOe (80 7 BUAOB).

O6cyxpeHue

PacnpegeneHne BupooB Rhopalocera no Beptu-
KanbHbIM nosicaMm xp. Mongo-Too cooTBeTCTBYET 3a-
KOHOMepHOCTAM, 06Hapy»xeHHbIM paHee (Kop0, 2014,
2019): Hanbonbluee BUOOBOE pa3sHOOOpa3ne Habnto-
[aeTca B CpedHEeropHoM nosce, HauMeHbllee — B
CBEPXBbLICOKOrOPHOM; MpU 3TOM KONMMYeCcTBO BWUAOB
CHaJara noBbILLaeTCs B HanpasneHn cHU3y BBepX, a
nocrne cpegHeropHoro nosica, Ha0bOPOT, NOHWKAETCS.
[aHHoe sBneHve xapakTepHo Kak ans dayHbl bynaso-
YCbIX YeLLlyeKpbIfbIX B LIENOoM, Tak 1 Ans dhayH otaenb-
HbIX CEMENCTB.

OnucbiBasi B3aMMOOTHOLLEHUSA hayH AHEBHbIX
6abouek kntoveBbix 6uoTonos xp. Mongo-Too, cTouT
OTMETUTbL, YTO CXOACTBO MexXay KroyeBbiMU BMOTO-
namy HabngaeTca TONMbKO AN CTEMHbIX U OCTen-
HEHHbIX CTauun M cyxux nyros. Takow Tun pacnpe-
OeneHnsl CBUAETENbCTBYET 00 OTCYTCTBUM CBA3EWN
mexay ayHammu OynaBoyCbIX YeLlyeKpbIbIX HU3KO-
ropun — cpegHeropumn 1 BbICOKOrOpUI — CBEPXBbICO-
koropuit. O.J1. KpbbkaHosckui (1965) BbiaBuran Te-
OpUI0 O pasHbIX UCTOYHUKAX MPOUCXOXAEHUS dayH
rop CpegHen A3nun: HUKOrOpHO-CcpeaHeropHas rpyn-
nupoBka ayH MMeeT anyoXTOHHOE NPOUCXOXAEHWE,
a BbICOKOTOPHO-CBEPXBbLICOKOTOpHasi — aBTOXTOHHOE.
OTcyTCcTBME CBA3EM MEXay 3TUMU rpynnMpoBKamMn B
HalleM crnyyae roBopuT B Nofb3y AaHHON TEOPUM.

Cnenyer oTMeTUTb, YTO MHAOEKC CXOACTBa (bayH
Rhopalocera Bbicokoropuin 1 CBEPXBbICOKOrOPUiA
xp. Monpgo-Too HaxoguTcs Ha NorpaHNYHOM 3HaYeHUU
Mexay cxoacTtBoM n HecxodcTBoM (0.500). B ropHbix
xpebtax CesepHoro TsHb-LLlaHa cxogcTBo Mexay
BbICOKOrOPHbIMU U CBEPXBBLICOKOrOPHbIMU  dhayHaMm
OHeBHbIX 6aboyek BecbMa BbICOKO; MWUHMMAarbHOE
3HayeHne koadpmumeHTa cxoactBa OBHapyXeHO

ana Knprusckoro xp. (0.540), makcumansHoe — ang
xp. 3avnuinckuin Anatay (0.810) (Kop6, 2012). B ro-
pax HOro-3anagHoro Mamupa nHaekc cxoacrtea gayH
OynaBoyCbIX YeLlyeKpbIfiblX BbICOKOrOPUIA U CBEpPX-
BblCcOKOropun Haxogutca B npegenax 0.561-0.612
(Kop6, 2016). BeposaTHO, BbICOKOE CXOACTBO chayH
Rhopalocera Bbicokoropuin n ceepxsbicokoropuin Ce-
BepHoro TaHb-LLaHs obbsicHseTcs Gonee cunbHbIM
BMUSIHWEM anfoXTOHHbIX MPOLECCOB Ha reHesnc ay-
Hbl JAHHOW TePpUTOPUM, MOCKOMbKY OHA HAXOAMTCS B
Havane murpaumoHHoro kopugopa KxHas Cubupb —
CpegHsasa Asnsi. TeM xe caMbiM MOXHO OObSCHUTL U
cpegHune 3HaveHns koadduLmMeHToB cxoacTea hayH
OHEBHbIX 6abo4ek BbICOKOrOpUii U CBEPXBbLICOKOrOPUIA
FOro-8anagHoro Namupa: oHM HaxoasTCa NPUMEPHO B
cepeanHe MUrpaLMoOHHOro Kopuaopa Mexay ropHbIMU
nogHatusammn CpeagHent Asumn n MNimanaes. O4eBMAaHO,
YTO OTHANEHHOE MOJoXeHne XpebToB BHyTpeHHero
TaHb-WaHsa (xp. Mongo-Too) oT 0TMEYeHHbIX Murpa-
LIMOHHBIX KOPUAOPOB MOBLILWAET POfb aBTOXTOHHbIX
npoLieccoB B UX dhayHoreHese.

3HaueHne xp. Monpo-Too kak 4yactu HapblH-
CKOro apugHoro pedyrmyma COCTOSAN0 He TOMbKO B
aBTOXTOHHOM ()OpMOreHe3e 3aKOHCEPBUPOBAHHbIX
npenkoBbIX opM (NpuBepLlemM, Hanpumep, kK obpa-
30BaHMI0 3HOEMUKa 3TOro ropHoro xpebTa, napyc-
HWKka Koramius davydovi), HO 1 B KOHcepBauun Ha
€ro TeppUTOPUN MNYCTbIHHBIX U MOMYMNYCTbIHHbLIX BU-
boB. B yacTtHocTu, n3 gHeBHbIX 6Gabodyek MOXHO OT-
mMeTutb Hyponephele naricina, Cupido prosecusa n
Glabroculus elvira.

CoBpemMeHHas kapTvHa BepTUKanbHOro pacnpeie-
neHusi BynaBoycbix Yellyekpbibix Ha xp. Mongo-Too
(HambonbLuee BuaoBoe 6oratcTBo ronybsHoK, HUMda-
nna v catMpuvz B CpefHeropbe U HU3Koropbe; nocre-
NeHHOe YMeHbLUEHWE BUOOBOrO GoratcTBa CEMENCTB
B Gone BbICOKMX BEPTUKANbHbIX NOsSiCax) NPeanonoxu-
TeNbHO CBA3aHa C yBenMyeHueM ryMuaHoCTh MecToo-
OuTaHni Npu yBenmyeHnm abCcontoTHOM BbICOTLI.
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Butterflies (Lepidoptera: Hesperioidea

and Papilionoidea) of the Moldo-Too Range
(Inner Tien-Shan): faunistic analysis

and vertical distribution

Stanislav K. Korb

Russian Entomological Society, Nizhny Novgorod Branch, PO Box 97, Nizhny Novgorod, 603009 Russia

stanislavkorb@list.ru

Abstract. Data on the fauna and vertical distribution of butterflies of the Moldo-Too Mountain Range (Inner Tien
Shan) are presented. The material for research was collected during 12 summer seasons at 9 points of the
ridge. The fauna of this mountainous region includes 118 species of Rhopalocera: 9 species of Hesperiidae,
7 species of Papilionidae, 15 species of Pieridae, 21 species of Nymphalidae, 23 species of Satyridae, 1 species
of Riodinidae and 42 species of Lycaenidae. The vertical distribution of this fauna on the Moldo-Too Range is
as follows: 79 species in low mountains, 100 species in middle mountains, 60 species in high mountains and
31 species in ultrahigh mountains. The distribution of this fauna on the key habitats is as follows: 91 species in
steppes, 105 species in dry meadows, 57 species in wet meadows, 14 species in screes, 23 species in rocks
and rocky places and 18 species in the bushes. It is shown that the faunas of the low and middle mountains,
high and ultrahigh mountains are similar, and that the faunas of two of the six key biotopes (steppes and dry
meadows) are similar; possible causes of this similarity are discussed.

Keywords: butterflies, fauna, Central Asia, Kyrgyzstan.
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MpaBuna gns aBTopoB
1. O6Lime TpeboBaHMs K cogepXaHuto cTaTen.

1.1. K ny6rnvkauum B >xypHarne NpMHMMaloTcsl CTaTby, NPeAcTaBnsAtoLLmMe pe3ynbTaTbl OpUriHanbHbIX Ha-
YYHbIX MCCEQOBAHUIA, 3aMETKM, COOBLLEHUS, a Takke Bubnmorpadgmryeckme 0630pbl U peLeH3Nn Ha HoBelLLnE
oTeYeCTBEHHbIE U 3apyBexHble uccrefoBaHus No NpotriemamM eCTeCTBEHHBIX U aHTPOMOTEHHbIX U3MEHEHWIA B
aKocucTemMax, oyHaaMeHTarbHbIM M NPUKNaaHbIM acneKkTaM SKOMOrMU U OLEHKE 3KOIOrMYECKOro COCTOSIHMS
MPECHOBOAHBIX, MOPCKUX U HA3EMHbIX 9KOCUCTEM.

1.2. XKypHan neyataeT TONbKO OpUriHasbHble HayyHble paboThbl, paHee HUrae He NyGrMKoBaBLLMECS U
He cogepKallye HEKOPPEKTHLIX UK Ype3MepHbIX 3aMMCTBOBaHMIA.

1.3. Mpucbinaemble MaTepuanbl AOMMKHbI COOTBETCTBOBAThL TEMATUKE XypHarna, NpeacTaBrneHHoN crne-
OYIOLLMMUW HanpaBneHUsMK:

03.02.08 — Skonorus

03.02.14 — Buonorunyeckune pecypchbl

1.4. Mpucbinaemble maTepuanbl JOMKHbI OTANYATLCA HAaYYHOM HOBU3HOW U dyHOAMEHTarbHOCTbIO.

1.5. Pykonucu, KoTopble He COOTBETCTBYHOT TEMAaTMKE XXypHana unv noarotosneHol 6e3 yyeta Tpebosa-
HWI )XypHara no nx oopMIIEHNIO, HE paccCMaTpPVBAalOTCA Ha NpeaMeT nyGrmkaumm.

2. Obwme TpeboBaHUSA kK OPOPMITEHUIO CTaTEN.

2.1. MNopgaya maTtepuarnoB gns nyonukauumn B XXypHare OCYyLLEeCTBMSIETCS B 351EKTPOHHOM cdhopme. AB-
TOpbl MPEAOCTaBNSAT B peAakuMio XXypHana Ha areKTpoHHbIN agpec ecosyst.trans@gmail.com cnegyowue
matepuansi:

a) ®ann c Tekctom cTatbu B dpopmarax .doc, .docx, .rtf.

b) MnntoctpaTtmnBHbIi MaTepuan ¢ pa3pelweHvem He meHee 300 dpi gnsa cdotorpacdun n 600 dpi ans
BEKTOPHbIX PUCYHKOB. PekomeHayemble chopmaThl n3obpaxenui: .tif (LZW compression) nmbo .jpg BbICOKOro
KayecTBa ansa ¢oTtorpadun, .jpg BbICOKOrO KayecTtBa Wnuv .png Ans rpadukoB, CXEM U PUCYHKOB. dopmaT
UNNIOCTPaLM OOIMKEH COOTBETCTBOBATL Ne4aTHOM obnactu xypHana. Fopu3oHTansHOe N3MepeHne OOMKHO
coctaenaTe 90 MM (gns neyaty Ha ogHy nonocy) unu 190 MM (ans nevyaTy Ha BCKO LWMPUHY nucTa). BepTtu-
KanbHoe uamepeHue — He 6onee 280 mm. UnnocTpaumm MoryT faBaTbCsi Kak MO OTAENbHOCTU, TakK U CKOM-
MOHOBaHHbIMK B Tabnuubl. HassaHust hannos ¢ UNMCTpaumMsaIMmn SOMKHbI BKITHOYaTb HOMeEpa PUCYHKOB U, MO
XenaHuto aBtopa, ytouHsowme nometkm (fig1.tif; fig 1 Kapra.tif). Unmoctpaunm nybnvkytotcs B LBETHOM Buae
B 9MEKTPOHHOW BEPCUM XKypHana u B YepHO-6enom — B neyatHon. Konnyectso unniocTpaumn Ha ogHy CTaTbio
crneumanbHO He pernameHTupyeTcs, ogHako Pegakums octaBnsieT 3a cobon NpaBo OTKITOHUTL MaTepuarn, ume-
oM Hecopa3MepHo Bornbluon obbem unnctpaumin. B cnyvyae HeobxogumocTy npuBegeHust 0GLIMPHOIo
UNNIOCTPaTUBHOIO MaTepuana oH MoXeT ObiTb ONyGNMKoBaH B BUAE OHNAWH-MPUITOXKEHWS K CTaTbe.

¢) Tabnuupl B popmatax .doc, .docx, .xIs, .xlsx. HazBaHus dannos gomkHbl BKITOYaTb HOMepa Tabnu
(table1.doc). Paamepbl Tabnuy OOmKHbI COOTBETCTBOBATL MeYaTHOW obnacTu xypHana. Tabnvubl 6onbliero
dopmaTa MoryT GbITb ONyONMKOBaHbI B BUAE OHNAWH-MPUIOXKEHMS.

d) JononHuTenbHblE MaTepuansl K ctatbe (poTorpacmm BbICOKOro pa3peLleHuns, 4ONONMHUTENbHbIA UIl-
NOCTpaTUBHBIN MaTepuarn, Bugeodannbl, KpynHble Tabnuubl, 6a3bl JaHHBLIX U NP.) MOTYT ObITb ONyGNMKOBaHbI
Ha canTe XypHana B BUAE MpunoxeHun Kk pabote. MNMpunoxeHns Ko BCEM CTaTbsiM NyOnmKyOTCS B OTKPbITOM
gocrtyne.

e) OTckaHMpoBaHHasi KOnms 3anofHEHHOIO NNLIEH3NOHHOIO JOroBoOpa.

dannbl, HMUUPOBaHHbIE BUpyCcaMu, He obpabaTbiBalOTCA M HE MPUHUMAIOTCS K ONybrnvMKoBaHuIO.

B cny4yae, ecnn nonyyeHne pykonucu He Bbinio nogTeepxaeHo Pegakumen B TedeHne Tpex gHeN, Heob-
XOO4MMO MOBTOPUTL OTNPABKY PYKONMUCK Mo agpecy: aeschna@yandex.ru.

2.2. B ncknounTensbHbIX Cny4yadax BO3MOXHa nogava martepuarnos B 6yMa)KHOM Buae: npu nn4HOM npe-
AocTaBlieHnn B peaakuuio nunbo no noyre.

2.3. O6beM pyKkonucewn He OOMKeH NpeBbiwaTb 2 aBTopckux nuctoe (80 000 3HakoB ¢ npobenamu). Peko-
MeHOyeMbIln 00beM npenocTaensemMon k nybnvkaumm ctaten — 1 aBtopckuii nuct (40 000 3HakoB ¢ npobenamu).
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2.4. NMapameTpbl cTpaHuubl: 210 x 297 mm (dopmat A4), opueHTaums KHkHas. [ons cTpaHuubl — Bce
no 20 mm. WpndT 06bI4HLIN, Times New Roman. Paamep wpudTta: 12 NnyHKTOB B OCHOBHOM TekcTe, 10 nyH-
KTOB B CHOCKax. MeXayCTpOYHbI MHTEPBAr: NOMNYTOPHbIN. TeKCT 6e3 aBTOMaTUYECKON PpacCTaHOBKU NEpPEHo-
coB. HasBaHuve cTaTbu: NONY>XNPHbIM LWPUGTOM MO LEHTPY CTPaHULbI.

2.5. TekCT pykonucu npegocTaBndeTcs B BUAe eauHoro panna. Pykonucb YCAOBHO OENUTCS Ha Tpu
6noka: nepebin — BkntovaeT YOK, nHdpopmauuio o6 aBTOpe, aHHOTAUMIO, KIHOYEBbIE CIOBa, TEKCT CTaTby,
CMUCOK MCMOMNb30BaHHOW NUTEPAaTYpPbl; BTOPOW — MOMHOCTBIO Ha aHIUMNCKOM, BKMOYaeT cBedeHus o6 aBTo-
pe, aHHoTauuo (Heobs3aTenbHO), KNoYeBbIE CrioBa (HeobsA3aTenbHO), CNMCOK MCMNOMb30BaHHOW NMTepaTypbl
(References); Tpetun — nognucy K unnocTpaumam 1M Tabnuuam, npuMedaHns ans nepeBogynka U npoyyo
TEXHUYECKYI0 MHpopMaLmio. Kaxabin 6rok HauMHaeTcs ¢ HOBOW CTpaHuLbI.

2.6. MNpn ncnonb3oBaHUM TAKCOHOMUYECKUX HA3BaHWIA aBTOPbI AOJMKHbI PYKOBOACTBOBAaTLCH Tpebosa-
HUSIMM KOOEKCOB Bronornyeckor HoOMeHKNaTypbl. HasBaHusA TakCOHOB PO4OBOIO M BUOOBOMO YPOBHSA MPUBO-
aartca kypcuoM (Tanychora petiolata Townes, 1973; B. bufo L., 1758). HazBaHusa paHra cemeincTea 1 Bbile
KYpPCMBOM He BblOensTCs.

2.7. B TekcTe cTaTbun COKpaLlueHusa (Kpome CTaH,CI,apTHbIX) B Cny4yae HeobX0AMMOCTI NX UCMONb30BaHMS
NOACHAIOT Npu nepsoM yrnoMUHaHUN. anIMeHFIeTCFI MeXxXayHapoaHad cumctema eanHnly namepeHud cwu.

2.8. [ecaTnyHbIM pasgenurtenem crnyxut Touka (3.1415). PasgenuTtenem rpynn pa3psagoB (Mcnonb3yeT-
CS1 M0 XXenaHuio aBTopa) CIyXuT Hepa3spbiBHbIV Npoben (Ctri+Shift+Space: 101 325). Mpu ykazaHun guanaso-
HOB 3Ha4YEeHUN Yncna pas3gensrTcs 3Hakom Tupe (He nyTaTb ¢ gecmcom n muHycom!) 6e3 npobenos (13-21).

2.9. He cneayet ncnonb3oBatb 3Hakv Npobena nnv tabynsaumny ans BbiAENEHNS HOBOW CTPOKM (Anst 3To-
ro MCMonb3ylTCA HAaCTPOMKM ab3aua 1 NoN3yHKM Ha BepxHen nuHenke B MS Word). Takke He cnegyeT nonb-
30BaTbCs Npobenom Anst Co3gaHnst pa3pexxeHHoro wpudgTa (ncnonb3ynte HacTpoinky WpudT-JononHutens-
Ho-UHTepBan). [1nsa BCTaBky HOBOW CTPaHMWLbI CNedyeT NCMoNb30BaTh KOMaHay BecTaBka-Pa3pbiB cTpaHuubl.

3. CTpykTypa 1 npaBuna obopMIieHnsi pyCCKOsI3bIYHOMO Brioka.
3.1.YOK
3.2. HasBaHue crtatbu.

3.3. NHdopmaums 06 aBTopax crtaten: PUO aBTOpa — NOMHOCTLIO, YYeHas CTeneHb (ecnu nMeercs),
y4YeHoe 3BaHue (eCnn MMEETCs ), OOMKHOCTb, MeCTO paboTbl/y4ebbl (MOMHOCTBIO, C YKa3aHUeM agpeca opra-
Hu3auun), ORCID. OguH 13 aBTOPOB yCTaHaBNMBAETCS OTBETCTBEHHbIM 3a nepenncky (corresponding author),
4N Hero HeobxoanMOo ykasaTb AeWCTBUTENbHbIM agpec ANEKTPOHHON MOYThI.

3.4. AHHoTaums oobemom 400-800 nevaTHbIX 3HAKOB AOMMKHA ObITb MHPOPMATMBHOWM U copepXaTenb-
HOW (T.€. MakCMMarnbHO TOYHO OTpaxaTb COAEepXaHue cTtaTbW, ee CTPYKTypy M BbiBoabl). Cnegyert mn3beratb
B aHHOTaUMM 3fIEMEHTOB aHOHCa COAepXaHus paboTbl, 3aMEHSAS NX Ha U3NOXEHMEe pes3ynbraToB paboThl B
cxaTtom Buge. Hanpumep, pasa «lMposeaeH dayHUCTUYECKUI aHanmM3 300nfaHkToHa [JypryHCKoro Bogoxpa-
HUNMLWa» He HeceT B cebe pe3ynsTaToB paboThl, a NULLIL OTChINAET YiTaTens K TEeKCTy cTaTbu. Takyto hopmy-
NIMPOBKY cneayeT 3amMeHUTb Ha Bonee nHopmaTuBHyto: «B xoae dayHMcTUYecKkoro aHannsa 300MnaHKToHa
[ypryHCKOro BogoxpaHunuiia Ha pasHbiX ydacTkax Obino BbigBneHo oT 11 go 26 BugoB 6€CNO3BOHOYHbIX,
npenmywecteeHHo Rotifera n Cladocera». lNogpobHee 06 ocHoBax cocTaBneHus 3¢pekTUBHbLIX aHHOTaLWIA
MOXHO NpOoYNTaTh B COOTBETCTBYIOLLUX CTaTbsIX, HANPUMEp:

https://www.aje.com/arc/make-great-first-impression-6-tips-writing-strong-abstract/

https://www.wiley.com/network/researchers/preparing-your-article/how-to-write-a-scientific-abstract

3.5. Kntoyesble cnoea (8—10 cnos). KntoueBble cnoBa He OOMKHbI MOBTOPATL CIOB, YKa3aHHbIX B Ha-
3BaHUN paboThl.

3.6. Tekct craTbu. PekomeHnOyeTcs CTpykTypupoBaTb ctaTteto no npuHuuny IMRaD (Introduction,
Methods, Results and Discussion):
a) BBEOEHNE;
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b) matepvan n metoabi;
C) OCHOBHas 4acTb (pesynbraThl);
d) BbIBOAbI (06CYXaEeHWE pe3ynsTaToB).

3.7. E.I'IaFOﬂ,apHOCTVI. Bﬂal'Oﬂ,apHOCTVI rgam n opraHn3aumam, BHeClnm MHTeJ'IJ'IeKTyaJ'IbeIIZ, opraHu-
3aLMOHHBIA U UHOW HemaTepmaanblﬁ BKInag B NOAroToBKYy paGOTbI.

3.8. ®uHaHcupoBaHue. CCbINKM Ha UCTOYHUKM hMHAHCUPOBaHUS (rpaHTbl, OHAbI, FOCAPOrpaMMbl).
3.9. Cnu1cok nuTteparypebl.

4. MNMpaBnna odopMIEHUSA BHYTPUTEKCTOBBIX CChITOK.

4.1. BHyTpUTEKCTOBbLIE CChITkK ochopmMnstoTcst B cooTBeTcTBMM ¢ Harvard reference style 2.

4.2. BHyTPUTEKCTOBbIE CChINKM BepyTCs B Kpyrrble CKOOKM. B HUX yka3biBaeTcs:
a) ons cTaten ¢ ogHUMM aBTopoM — (hamunusa asTopa, roa);

b) c aBymsa aBTopamu — (hbamunumn aBTopoB Yepes «m»/«and», rog);

c) c Tpems u bonee aBTopamu — (pammnusa nepeoro astopa v gp./et al., roa).

Mpumepsl: (MBaHoB, 2017); (MBaHoB U MeTpos, 2017); (MBaHoB 1 Ap., 2017); (Johnson et al., 2017);
...cornacHo VeaHosy (2017)...

4.3. Tpw unTnpoBaHnn 6onee ogHoNM cTaTbk B O4HOM Oroke:

a) CChbINKKN pa3gensatTces Todukon ¢ 3anaton (MeaHos, 2017; lMNMetpos, 2017);

b) npu ykasaHun Heckonbkux paboT ogHOro asTopa ero pamunua He NOBTOPSETCH, a rodbl U3AaHWA
nepevmcnaoTcsa yepes 3anaTyio. MNpu Hanuuum B cnucke paboT 0gHOro aBTopa, BbIMYLUEHHbLIX B OAHOM rogy,
OHUW cHabxatoTcs ByKBEHHbIMWU MHAeKcamu: a, b, c n T.4.;

C) ynopsiaoumMBaHue CCbINoK BHYTPW Bnoka COOTBETCTBYET TAKOBOMY B CNNCKE NuTepaTypbl: cCHavana —
no pamunum aBTopa (pPycckosiblYHbIE criepeam), NoTOM — MO rody U3AaHus.

Mpumepsl: (MBaHoB, 1991, 19923, b, 2017; NBaHoB n MNeTpoe, 1992; MeaHoB 1 ap., 2017a, b; NeTpoB
1991, 1992; Johnson et al., 2017).

5. MNpaBuna oopmneHns cnnucka nutepartypsbl.
5.1. Cnucok nutepatypbl odopmnsieTca B cootBeTcTBun ¢ Harvard reference style 2.
5.2. Cnncok nuTepaTtypbl OMKEH NOMHOCTBIO COOTBETCTBOBATH BHYTPUTEKCTOBLIM CChISIKAM.

5.3. Cnucok rpynnupyeTcs no andasuTy, B HA4Yane — UICTOYHUKM Ha AA3blKax C KUPUITIIMYECKON NUCbMEH-
HOCTbIO (PYCCKMI, YKPaUHCKNIA, GENOPYCCKUI U T.4.), 3aTEM — HA MHOCTPaHHbIX S3blkaX (CCbINKM Ha paboTbl Ha
A3bIKax C HENaTUHCKOW NMUCbMEHHOCTbLIO AAKOTCA B @HMMUIACKOW TpaHcnuTepauuun). BHavane cnvcok ynops-
JounBaeTcs No aMmunmsiM nepBbIX aBTOPOB, NOTOM — N0 haMUNUSIM COaBTOPOB, 3aTeM — MO rofdy M3daHust.
Mpun unTMpoBaHnM OByx u Gonee paboT, onybrnMKOBaHHbLIX OAHUM aBTOPCKUM KOMNEKTUBOM B OAWH rof, OHM
cHabxatoTcsa BykBeHHbIMU nHAekcamum (2017a, 2017b n 1.4.).

5.4. MNpw Hanuumu B cnncke paboTbl, onyGrIMKOBAHHON Ha PYCCKOM M MHOCTPAHHOM fi3blkax, B PYyCCKOSI-
3bl4HOM GrI0Ke MPUBOAUTCS CCbINlKa Ha PYCCKOSI3bIYHY Nyonukaumio.

5.5. MNpwu pacxoxgeHnn Mexay SneKTPOHHOW M NeYaTHOW Bepcren uutupyemon nybnmkauum (MoryT oT-
nnyaTbCs AMana3oHbl CTPaHUL, U rof N3gaHnst) MPUOPUTET crieayeT oTAaBaTh NeYaTHOW BEPCUM.

5.6. MNMpu ykasaHun ccbIfOK Ha anekTpoHHble pecypcbl (URL) ykasbiBaeTca gata obpalleHus K anek-
TpOHHOMY pecypcy (accessed: 25.11.2017).

5.7. Ina odopmreHust CCKOB NuTepaTypbl Pegakumsi pekomeHayeT aBTopam UCnonb3oBaTh creuua-
NM3MPOBaHHbIE pacLUMpeEHns A TEKCTOBbLIX peaaKkTopoB (Harnpumep, Zotero). Bo nsbexaHne HEKOPPEKTHOIO
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oTOOpaXeHMs1 CCbINOK Ha ApYrux YCTPOWCTBax nepen nogaven pykonucu B nevatb Heobxogumo yaanutb me-
TagaHHble, BCTpaMBaeMble NporpaMmMon B TekcT (komaHga Remove field codes).

5.8. MNMpaBuna cocraBnenunsa Gubnmorpaunyecknx onMcaHuin.

5.8.1. O6wue npaBuna opopmIeHus.

a) B cnucke nutepatypbl NPUBOANTCA NEpeYeHb aBTOPOB C yka3aHveM amunvi u namumuanos. Ons
paboT, umetowmx He Bornee cemu aBTOPOB, MPUBOOUTCH WMX MOMHLIA NEepeYeHb; B crnyvyae Oonbliero Konu-
4YeCTBO aBTOPOB LMTUPYEMON paboTbl MPUBOAATCS TONbKO NepBbIe NSATb UMEH C nocrnegyowmnm «u ap.» (“et
al.”). Cnncok aBTOpoB pasaenseTcs 3anaTeiMy. MHnumansl otgensiotes 3anaton (Meanos, U.U., MeTpos, N.11.,
Cwugopos, C.C.);

b) Nog nybnvkaumm ykasslBaeTcsi Nocne cnvcka aBTOpoB, OTAENSAETCHA OT CMMCKa aBTOPOB 3aNsTow;

¢) HasBaHwusi )xypHanoB NpuBOAATCH MOMHOCTLIO, 6€3 CoKpaLLeHni;

d) Mpun Hannumwn, B KoHUe ccbinkn ykasbiBaeTcs DOI. DOl odpopmnsietcsa B Buae URL (¢ gobasneHnem
npedwmkca https://doi.org/ nepeg kogom DOI).

5.8.2. MNMopsgok 6ubnmnorpadunyeckoro onMcaHusi ctaten 3 Nepuoanku:
®UO aBTOpa (aBTOpPOB), 04 N30aHNs. Ha3BaHue ctatbun. HadeaHue xypHana (nosHocmsbio, Kypcueom)
Towm (Homep), QuanasoH ctpaHuy. DOL.

larapwvH, B.I, T'ycakoe, B.A., 2013. [Oa Buaga gopunanmug (Nematoda, Dorylaimida) n3 BogoemoB
BbeTHama. buosnozausi sBHympeHHux 80d 3, 9—16. https://doi.org/10.7868/S0320965213030054.

Nardoto, G.B., Silva, S., Kendall, C., Ehleringer, J.R., Chesson, L.A. et al., 2006. Geographical patterns
of human diet derived from stable-isotope analysis of fingernails. American Journal of Physical Anthropology
131 (1), 137-146. https://doi.org/10.1002/ajpa.20409

5.8.3. lNopsaok onMcaHns KHWr:
®UNO aBTopa (aBTOpoB), [0g usgaHua. HassaHve kHurn. N3pgatenbcteo, Mecto nybnukauum, Obuiee
KONMYeCTBO CTpaHuL.

Hodek, I., Emden, van, H.F., Honék, A, 2012. Ecology and Behaviour of the Ladybird Beetles (Coccinel-
lidae). John Wiley & Sons, Chichester, UK, 600 p.

5.8.4. lNopsaok onvcaHus rnasbl U3 KHUTU:
®UO aBTopa (aBTOpOB), NOA M3gaHus. HassaHuwe rmasbl. B: PegakTtop (pea.), HassaHue kHuau (Kypcu-
esom). N3pgatenbctBo, Mecto nybnukauum, nanasoH ctpanud. DOI.

Canard, M., 2001. Natural food and feeding habits of lacewings. In: McEven, P., New, T.R., Whittington,
A.E. (eds.), Lacewings in the crop environment. Cambridge University Press, Cambridge, UK, 116-123.

5.8.5. lNopsagok onMcaHnsa Te3ancoB KOHMepeHUU:
®UO aBTopa (aBTOpOB), 0O M3ganus. HassaHune ctatbn. Te3uckl 00knados8 KoHgepeHyuuU... (MoHo-
cmbio, Kypcueom). MecTto npoBegeHus, inanasoH ctpaxumy. DOL.

MypaebeBa, A.l1., 2011. Pa3BuTue akonormdeckoro cos3HaHusi. Tesuck! 0oknados XVIII HayyHo-npak-
muyeckol KoHgpepeHyuu 'ymaHumapHo-3konozauyecko2o MHcmumyma «3konoeus. Yenosek. Obujecmeo. ».
Kues, YkpauHa, 4-5.

5.8.6. Nopsaaok odopmneHns onmcaHna guccepTauun n aBstopedgepartos:
®UO aBTOpa, lNoa usganuda. HassaHue. Juccepmauus (asmopeghepam duccepmauyuu) Ha CouCKaHue
y4eHoU cmeneHu ... (mortHocmabio, Kypcusom). Mecto nybnvkaumm, Obuee konmyectso ctpaHuy. URL.

HukonuH, O.A., 2008. TpuTnin B BOAHLIX 3KOCUCTEMAX YparbCKoro permoHa. Aemopeghepam duccepma-
Uuuu Ha couckaHue y4yeHoli cmerneHu kaHOudama buornoeudyeckux Hayk. EkatepuHbypr, Poccus, 21 c.

5.9. Ccbinkn Ha 3akoHodaTenbHble akTbl, FOCTbI, OTYETHI OpraHu3aunin 6e3 ykasaHus aBTopCTBa, UH-
CTPYKUMU K NpruBopamM 1 NporpaMmmMHOMY o6ecredeHunto, paBHO Kak M Ha aHOHUMHbIe pecypchl B CeTU MIHTepHeT
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(GenBank, Pocrugpomet, Google Maps v T.4.) He crieqyeT BbIHOCUTb B CNUCOK nuTepaTypbl. CCbINKN Ha HUX
HeobXxoauMo AaBaTb HEMOCPEACTBEHHO B TEKCTE paboTbl UMM B MOACTPOYHbLIX CHOCKaX.

6. CTpykTypa 1 npaeuna ooopMsIeHNUst aHIMOA3bIYHOIo Broka.
6.1. HasBaHme ctaTbu Ha aHITUIACKOM A3bIKE.

6.2. hdopmaumsa o6 aBTopax ctaTbu (aHanorm4yHo nHdopmaumm B pycckosssidHoM bnoke). PO aB-
TOpa yKasblBalOTCSA MOSIHOCTLIO, TpaHCNUTepaumnen (AN aBToMaTtMyYeckon TpaHcrmTepauum pekoMmeHayeTcs
nonb3oBaTbcA canTom http://translit.net/; Heobxoanmo HacTpoutb ctaHaapT LC B LeHTparnbHOM MEHI0 canTa,
pasgen «BapuaHTbl...»). CnegyeT nsberate pas3nunyHbiXx BapuaHTOB TpaHciMTepauun damunnm aBTopoB B
pasHbIX n3gaHnsx!

6.3. AHHOTaLUMs U KrtoYeBble CrioBa — nepeBoa COOTBETCTBYHOLMX pa3fenoB N3 pyCCKOA3bIYHOIoO onoka.
Bo usbexaHne owmnbok, aBTOpaM peKoOMeHAOyeTCA COCTaBUTb 3TU pa3fesibl CaMOCTOATESNIbHO. B npoTUMBHOM
cny4ae 31O aenaet I'IpO(beCCVIOHaJ'IbeIﬁ nepesoa4uK N3gaHuA.

6.4. References (cnucok nutepartypsbl).
7. NMpaeuna odopmneHus pasgena References.
7.1. CocTaB cnucka nybnumkaLumm NOsIHOCTbI0 MAEHTUYEH CMIMCKY NMTepaTypbl HA PYCCKOM S3bIKe.

7.2. Cncok rpynnupyeTcs no andaenty. ®amunnmm aBTopoB PYCCKOSA3bIYHbIX paboT AatoTCs B aHruii-
CKOI TpaHcnuTepauun 1 ynopsigouMBaloTcsl HapaBHe ¢ MHOCTPaHHBLIMU.

7.3. Mpu Hanuumm B cnvcke paboTbl, ONyBnNMKOBaHHOW Ha PYCCKOM W aHTTMIACKOM si3blKaX, B @HIMOSA3bIY-
HOM Broke NPUBOAMTCS CChINKa Ha aHIMOA3bIYHYIO MyGMKaumio.

7.4. Nopsigok 0hopMIIeHNsT CCbINIOK aHanorMyeH TakoBOMY B PyCCKOSI3bIYHOM CMMCKe NuTepaTypbl.

7.5. NMpun LMTUPOBAHMKN PYCCKOSA3bIYHBIX PabOT, HE MMEILLNX NEePEBOAHbBIX AHITIMNCKMX BEPCUA, Ha3Ba-
HMe paboTbl JAaeTCH B aHIMMNCKOW TpaHcnMTepauumn u oyonmpyercss nepeBogoM Has3BaHWSA Ha aHrNACKUNA B
kBagpaTHbix ckobkax (Biosfera i Noosfera [Biosphere and Noosphere]). AHanormdHbim obpasom odopmns-
I0TCA pyccKosa3bldHbIE Ha3BaHMsA XypHanoB (Ekologiia cheloveka [Human Ecology]). HasBanust nsgatenscrts
NPVBOAATCH B aHIMMIACKON TpaHcnuTepaumm 6e3 ykasanusa nepesoga (Nauka). B koHuUe ccbinku, nepes ykasa-
Tenem DOI, B ckobkax gobaenserca nHdopmaums o s3bike opurmHana (In Russian).

Chebotina, M.Y., Nikolin, O.A., 2004. Tritii v vozdushnoi srede i osadkakh raiona Beloiarskoi AES na
Urale [Tritium in air and precipitation in the environment of Beloyarsk NPP, Urals]. Ural’skii geofizicheskii Vest-
nik [Urals Geophisical Bulletin] 1 (6), 107—111. (In Russian).

Bashirova, R.M., Maksimov, G.G., Akhmetova, L.A., 2009. Osnovy ekotoksikologii [Basics of Ecotoxicol-
ogy]. Bashkir State University, Ufa, Russia, 120 p. (In Russian).

8. JononHutensHas nHgopmawms.

8.1. B kOHUe pykonucy MpuUBOAUTCS CMUCOK MOAMMUCEN K UNNIOCTpaumsam n obbacHeHUs Kk Tabnvuam.
MNpumepbl odopmneHmns:

Puc. 1. Ckenet nonesku Microtus arvalis: A — yepen; B — rpygHon otaen; C — KOHEYHOCTMW.

Tabnuua 1. CyTtouHas akTMBHOCTbL noneekn Microtus arvalis.

8.2. I'Ipwmeanvm anda nepesoavuka. PeKOMeHAYETCFl AaTtb nepeBon CIOXHbIX U Malrion3BeCTHbIX
Ha3BaHWn K TEPMUHOB.

Pedakyus npasun v.2.4, 08.02.2021

U3meHeHus1 eHeceHbl 8 napazpadhbi: 1.3, 2.1, 3.3, 3.4, 3.7-3.9, 5.9
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