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ABSTRACT. Aquatic macrophytes in the littoral zone of lakes act as a powerful environmental factor,
shaping the spatial distribution of aquatic organisms. The study examined the distribution patterns of
zooplankton communities across the transverse profile of macrophyte beds in the littoral zone of small
lakes in the Nizhny Novgorod region. It was found that in the studied biotopes, macrophyte beds altered
several water parameters and created their gradient. The analysis revealed that, from the shoreline
helophyte and mixed vegetation toward the open water, zooplankton communities exhibited a gradual
shift in dominant and subdominant species, a decrease in the proportion of cladocerans, and an increase
in rotifers. The type of biotope had the greatest influence on the species structure of zooplankton com-
munities. The study also analyzed the preference of certain zooplankton species for macrophyte beds of
different life forms. A decline in species richness and zooplankton biomass was observed at the edge of
vegetation near the open water. It was concluded that the succession of plants from different ecological
groups along the transverse profile of the macrophyte zone drives changes in environmental factors and

planktonic invertebrate communities in an ecocline-like manner.
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1. Introduction

The littoral zone of water bodies is one of the
primary links in the general chain of aquatic ecosys-
tems production (Zimbalevskaya et al., 1987), in which
the main structuring role is played by higher aquatic
plants (Lauridsen et al., 1998; Lucena-Moya and
Duggan, 2011; Choi et al., 2015). The littoral zone of
lakes is characterized by the highest biodiversity and
bioproductivity, with the most intensive biological
and chemical processes (Littoral..., 2011). It plays an
extremely important role as a biofilter, intercepting a
significant part of nutrients coming from the watershed
(Semenchenko et al., 2013).

Macrophytes act as an environment-forming
factor in aquatic ecosystems, determining the devel-
opment of all components of the plankton community
(Kurbatova et al., 2019). Species diversity and struc-
ture of zooplankton communities are clearly related to
the spatial heterogeneity of the littoral, which is deter-
mined by the type and level of development of mac-
rophytes (Semenchenko et al., 2013). Heterogeneity
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of the aquatic environment created by macrophytes
acts as a key factor of high species richness and den-
sity of zooplankton in the coastal zone of water bodies
(Scheffer, 2004; Kuczynska-Kippen, 2006; Bolduc et al.,
2016).

In ecology, the spatial distribution of communi-
ties is described by organismal theory (Clements, 1916)
and continuum concept (Ramenskiy, 1924; Gleason,
1926). Within these concepts, ecotones and ecoclines
are distinguished as transitions between communities.
Ecotones are areas of relatively rapid change that form
a narrow ecological zone between two distinct and rel-
atively homogeneous community types. Ecoclines, gra-
dient zones containing relatively heterogeneous com-
munities, represent a boundary of more gradual change
between two communities (van der Maarel, 1990). In
aquatic ecosystems, the littoral zone is often consid-
ered as an ecotone (Ermokhin, 2007; Littoral..., 2011;
Stolbunova, 2011). Gradient zones with a heteroge-
neous spectrum of transient macrozoobenthos (Attrill
and Rundle, 2002) and fish (Barletta et al., 2008; Lima
et al.,, 2019) communities in estuaries are considered
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as an ecocline. The formation of an ecocline for zoo-
plankton communities in the littoral zone has not been
previously discussed.

Habitat segregation, commonly understood
as occupation of different depths, is a well-known
phenomenon in natural zooplankton communities
(Makarewicz and Likens, 1975; Semenchenko et al.,
2013). However, there is still a lack of knowledge con-
sidering eventual species segregation within adjacent
habitats (Kuczynska-Kippen, 2003). In the littoral zone,
macrophytes form belts of plants of different ecological
groups. Due to different morphological structure and
density of thickets, macrophytes increase heterogeneity
of the environment and can specifically change abiotic
and biotic conditions for zooplankton organisms. Thus,
spatial differentiation of zooplankton communities in
the littoral zone may occur. Studying the relationship
between the characteristics of macrophytes and zoo-
plankton is becoming a central task in limnological
studies (Choi et al., 2014).

The aim of the study was to determine the distri-
bution patterns of zooplankton communities across the
transverse profile of macrophyte thickets and to iden-
tify an ecocline in the littoral zone of lakes.

2. Material and methods

Zooplankton communities were studied in
the littoral zone of lakes Charskoe (N 55.518430,
E 43.186926) and Golovkovskoe (N 56.332851, E
43.705419) located in Nizhny Novgorod region and
lakes Malyshevskoe (N 56.202787, E 43.828156) and
Khalzovskoe (N 56.384321, E 43.860295) located
within the city limits of Nizhny Novgorod. Lake
Charskoe is a water body of karst origin, located 5 km
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north of the village of Mukhtolovo. It has an area of
31.2 ha, maximum depth of 16 m, average depth var-
ies within 3 - 4 m (Bakka and Kiseleva, 2009). Lake
Golovkovskoe is a small water body of suffusion origin,
located 3 km west of Nizhny Novgorod in a forest area.
It is characterized by shallow depths (maximum depth
3 m, average depth 1 - 2 m). Lakes Malyshevskoe and
Khalzovskoe are floodplain water bodies with shallow
depths (maximum depth 3 m, average depth 1.5 - 2 m).
Studies were conducted from July 24 to 27, 2024 during
the period of maximum development of macrophytes
under optimal weather conditions (absence of wind and
surge events and precipitation) in the daytime.

In Lake Charskoe, thickets of Eleocharis palustris
(L.) Roem. & Schult. and Nuphar lutea (L.) Sm. were dis-
tinguished. In Lake Golovkovskoe, thickets of Equisetum
fluviatile L. and Nymphaea candida J. Presl & C. Presl
were identified. In Lake Malyshevskoe, mixed thickets
of Glyceria maxima (Hartm.) Holmb. with Hydrocharis
morsus-ranae L. and thickets of Ceratophyllum demer-
sum L. were distinguished. In Lake Khalzovskoe, thick-
ets of Glyceria maxima with Salvinia natans (L.) All,,
Sagittaria sagittifolia L., and Elodea canadensis Michx.
were observed. The thickets of Equisetum fluviatile,
Eleocharis palustris, and Sagittaria sagittifolia formed a
belt of emergent macrophytes (helophytes), Nuphar
lutea and Nymphaea candida — a belt of floating-leaved
macrophytes (pleustophytes), Ceratophyllum demersum
and Elodea canadensis — a belt of submerged macro-
phytes. In each lake, a 10-m transect was established
along the shoreline, within which zooplankton samples
were collected every 2 m along a cross-sectional profile
from the helophyte belt to the open water boundary.
Five replicates were taken in each plant belt and at the
open water interface (Fig. 1).
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Fig.1. Location map of the studied biotopes of lakes Charske (a), Golovkovskoe (b), Malyshevskoe (c), and Khaltzovskoe
(d). Eleocharis — Eleocharis palustris thickets, Nuphar — Nuphar lutea thickets, Equisetum — Equisetum fluviatile thickets, Nymphaea
— Nymphaea candida thickets, Gliceria+ Hydrocharis — Glyceria maxima thickets with Hydrocharis morsus-ranae, Ceratophyllum —
Ceratophyllum demersum thickets, Gliceria + Salvinia — Glyceria maxima thickets with Salvinia natans, Sagittaria — Sagittaria sagitti-
folia thickets, Elodea — Elodea canadensis thickets, Open water — open water zone at the edge of the thickets. The numbers on the

left indicate the distance from the shore.
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Samples were taken with a measuring bucket
by filtering 25 liters of water through a plankton net
(70 pm mesh diameter). A total of 65 samples were
collected. Samples were fixed with 40% formalin to a
final concentration of 4%. Methods generally accepted
in the practice of hydrobiological research were used
for sample processing (Methods..., 2024). Zooplankton
organisms were identified using identification guides
(Determinator..., 2010; Korovchinsky et al., 2021b).

Abiotic and biotic parameters of the environment
were measured simultaneously at each sampling point.
Water transparency was determined using a Secchi
disk. Temperature, pH, electrical conductivity of water,
and chlorophyll a concentration were measured using
an Aquared (UK) multiparameter probe, dissolved oxy-
gen content was determined using MARK 303 (Russia).
The projective cover of macrophytes was assessed using
the generally accepted method (Papchenkov, 2001).

Dominant invertebrate species were identified
by abundance, according to the Palya-Kownacki index
(Shitikov et al., 2003). To analyze the structural indi-
ces of zooplankton communities we selected: species
richness, total abundance and biomass of zooplank-
ton, abundance of Rotifera, Cladocera, Copepoda. The
Shapiro-Wilk, Anderson-Darling, and Lilliefors tests
were used to determine deviations from normal distri-
bution. Homogeneity of variances was assessed using
the Levene test. To determine significant differences
in the analyzed parameters, the Wilcoxon test, Welch’s
t-test, and Tukey’s test with Westfall-Young correction
were applied (Legendre and Legendre, 2012). Total
abundance and biomass and abundances of taxonomic
groups of zooplankton were logarithmized before anal-
ysis to better fit a normal distribution. Redundancy
analysis (RDA) was used to assess the influence of
environmental factors on the species structure of zoo-
plankton communities. All analyses were performed

using open-source software R (using standard functions
and the following packages: nortest, car, multcomp,
mvtnorm, readxl) (Borcard et al., 2011; R Core Team,
2025).

3. Resulits

The investigated macrophyte thickets exhibited
varying degrees of projective cover: Equisetum (95%),
Nymphaea (70-75%), Eleocharis (65-75%), Nuphar
(60-70%), Glyceria with Hydrocharis (95-100%),
Ceratophyllum (100%), Glyceria with Salvinia (100%),
Sagittaria (75-85%), and Elodea (95%)

Pairwise comparisons of the main characteris-
tics of the aquatic environment in different transects
showed that most of the parameters differed statisti-
cally significantly between different zones. For exam-
ple, in Lake Charskoe, water temperature, and chlo-
rophyll a concentration were statistically significantly
higher in the Eleocharis thickets than in the Nuphar
thickets and open water zone (Fig. 2a, 2e). Water trans-
parency increased significantly and pH decreased from
the Eleocharis thickets to the open water zone (Fig. 2b,
2¢). Water conductivity was lower in the Eleocharis
thickets than in the open water zone (Fig. 2d). In Lake
Golovkovskoe, water temperature was statistically
lower in the Equisetum thickets and conductivity was
higher than in the Nymphaea thickets and open water
zone (Fig. 2f, 2i). Water transparency and pH differed
significantly in all three zones (Fig. 2g, 2h).

In Lake Malyshevskoe, water transparency sta-
tistically significantly increased from the Glyceria-
Hydrocharis thickets to the open water zone (Fig. 3a). In
Ceratophyllum thickets, an increase in pH was observed
compared to neighboring zones (Fig. 3b) and a decrease
in oxygen concentration compared to the open water
zone (Fig. 3c). In Lake Khalzovskoe, water temperature
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Fig.2. Boxplots of temperature (WT), transparency (SD), pH, conductivity (EC), and chlorophyll a concentration (Chlorophyll
a) in the studied biotopes of lakes Charskoe (a-e) and Golovkovskoe (f-i). Biotopes are described as in Fig. 1. Compact letter
designations were added to indicate significant differences.
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Fig.3. Boxplots of temperature (WT), transparency (SD), pH, dissolved oxygen concentration (DO), electrical conductivity
(EC), and chlorophyll a concentration (Chlorophyll a) in the studied biotopes of lakes Malyshevskoe (a-c) and Khalzovskoe (d-i).
Biotopes are described as in Fig. 1. Compact letter designations were added to indicate significant differences.

in the Glyceria-Salvinia thickets was statistically signifi-
cantly lower than in other thickets and the open water
zone (Fig. 3d). Water transparency and conductivity
increased significantly from the Glyceria-Hydrocharis
thickets to the open water zone (Fig. 3e, 3g), and water
pH increased to the Elodea thickets and then decreased
in the open water zone (Fig. 3f). The highest oxygen
content was observed in the Elodea thickets and open
water zone (Fig. 3h). The highest chlorophyll a content
was recorded in Elodea thickets compared to Glyceria
thickets and open water zone (Fig. 3i). Thus, in the
studied biotopes, thickets of higher aquatic plants con-
tribute to changes in a number of aquatic environmen-
tal parameters and form their gradient.

Analysis of the species structure of zooplankton
communities of Lake Charskoe showed that there was
a replacement of species in the dominant complex from
Eleocharis thickets to the open water zone. The pro-
portion of the main dominant species in the Eleocharis
thickets of Lake Charskoe - the rotifer Conochilus uni-
cornis Rousselet, 1892 decreased toward the open
water zone, where it dropped out of the subdominant
category. Simultaneously, the proportion of copepod
nauplii copepoda and euplanktonic rotifers (Polyarthra
euryptera Wierzejski, 1891 and Keratella cochlearis
(Gosse, 1851)) increased. In the Nuphar thickets, the
proportion of cladocerans Polyphemus pediculus (O.F.
Miiller, 1785) and Pleuroxus truncatus (O.F. Miiller,
1785) increased while further decreasing toward the
open water zone (Table 1).

Moving from the Eleocharis thickets toward the
open water zone, the proportion of cladocerans in total
zooplankton abundance and biomass decreased, while
the share of copepods in total zooplankton biomass
increased (Table 1).

An increase in species richness of zooplankton
communities was observed in the Nuphar thickets com-
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pared to the Eleocharis thickets and open water zone
(Fig. 4a). Total zooplankton biomass was statistically
significantly higher in the Nuphar thickets than in the
open water zone (Fig. 4c). The total copepod abun-
dance was lower in the Eleocharis thickets compared to
the Nuphar thickets and open water zone (Fig. 4f). No
differences were found in total zooplankton abundance
and the abundance of rotifers and cladocerans (Fig. 4b,
4d, 4e).

In Lake Golovkovskoye, a progressive increase
in the proportion of nauplii copepoda and rotifers
Brachionus calyciflorus Pallas, 1776 and Conochiloides
coenobasis Skorikov, 1914 was observed along the
gradient from Equisetum thickets to open water.
Concurrently, the contribution of crustaceans
Thermocyclops crassus (Fischer, 1853) and Scapholeberis
mucronata (O.F. Miiller, 1776) decreased. In Nymphaea
thickets, the share of cladocerans Bosmina longirostris
(O.F. Miiller, 1785) and Sida crystallina (O.F. Miiller,
1776) rose, followed by a decline toward the open
water zone (Table 1).

The proportion of rotifers in total zooplankton
abundance and biomass increased with progression
from the Equisetum thickets to the open water zone.
The proportion of cladocerans in total abundance and
biomass increased in the Nymphaea thickets and then
decreased in the open water zone. The proportion of
copepods showed the opposite trend (Table 1).

Species richness and total biomass of zooplank-
ton communities were statistically significantly lower
in the open water zone than in the macrophyte thick-
ets (Fig. 4g, 4i). Total cladocerans abundance in the
Nymphaea thickets was higher than in neighboring
zones, and copepod numbers was lower than in the
Equisetum thickets (Fig. 4k, 41). No differences in
total zooplankton and rotifer abundance were found
(Fig. 4h, 4j).
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Table 1. Indicators of species structure and quantitative development of zooplankton communities in lakes Charskoe and

Golovkovskoe.
Lake Charskoe
Indicator Eleocharis Nuphar Open water

Species richness 50 55 32
Abundance, % Rotifera:Cladocera:Copepoda 49:30:21 27:29:44 42:18:40
Biomass, % Rotifera:Cladocera:Copepoda 2:95:3 3:85:12 8:74:18
Dominance index, %:

Conochilus unicornis 49 20.44 0.16

Nauplii Copepoda 8.15 24.95 27.34

Lecane bulla 7.96 0.77 0.03

Copepodit Cyclopoida 7.35 16.95 9.67

Polyphemus pediculus 3.79 6.35 1.12

Pleuroxus truncatus 2.69 7.74 0.76

Polyarthra euryptera 0.02 4.86 22.73

Keratella cochlearis 0.01 0.11 21.9

Lake Golovkovskoe
Indicator Equisetum Nymphaea Open water

Species richness 73 62 43
Abundance, % Rotifera:Cladocera:Copepoda 23:31:46 23:57:20 45:25:30
Biomass, % Rotifera:Cladocera:Copepoda 1:60:39 5:91:4 35:37:28
Dominance index, %:

Copepodit Cyclopoida 18.45 1.03 2.88

Nauplii Copepoda 15.32 17.75 26.85

Thermocyclops crassus 12.78 0.03 0.04

Scapholeberis mucronata 9.31 1.56 0.01

Sida crystallina 2.24 10.04 0.03

Bosmina longirostris 1.81 27.75 23.65

Brachionus calyciflorus 0.12 5.74 7.20

Conochiloides coenobasis 0.01 0.78 13.76

Similar results were obtained when analyzing
the species structure of zooplanktocenoses of flood-
plain lakes. In Lake Malyshevskoe, the shares of the
main dominants in the Glyceria-Hydrocharis thick-
ets — the cladoceran Alonella exigua (Lilljeborg, 1901)
and copepodite stages of copepods, and the subdom-
inant Coronatella rectangula (Sars, 1862) - progres-
sively decreased toward the open water zone. The
proportion of rotifers Plationus patulus (Miiller, 1786)
and Lecane luna (Miiller, 1776) and the cladoceran
Chydorus sphaericus (O.F. Miiller, 1785) increased in
the Ceratophyllum thickets and decreased further in the
open water zone. The euplanktonic rotifer Synchaeta
pectinata Ehrenberg, 1832 was the main dominant spe-
cies in the open water zone and did not occur in macro-
phyte thickets (Table 2).

Moving from the Glyceria-Hydrocharis thickets
toward the open water zone, the zooplankton commu-
nity exhibited a significant increase in rotifer propor-
tion alongside decreasing contributions of cladocer-
ans to both total abundance and biomass, as well as a
reduction in copepod share of total biomass.

663

Total zooplankton abundance and biomass were
statistically significantly different in all three zones
and were higher in the Ceratophyllum thickets (Fig. 5b,
5c). Rotifer abundance was significantly higher in
Ceratophyllum thickets (Fig. 5d), while cladoceran and
copepod densities were lower in open water and showed
no significant differences among thickets (Fig. 5e, f).

In Lake Khalzovskoe, no direct increase or
decrease in the abundance of dominants and subdom-
inants was observed due to the more complex struc-
ture of macrophyte thickets. Thus, the share of the
dominant in Glyceria-Salvinia thickets — nauplii copep-
oda - decreased in Sagittaria and Elodea thickets while
increasing in the open water zone. The proportions of
the rotifer L. bulla (Gosse, 1886) and cyclopoid copepo-
dites exhibited a unimodal distribution: decreasing in
Sagittaria thickets, increasing in Elodea thickets, and
declining again in open water. In contrast, the propor-
tions of the rotifer L. luna and cladoceran Ceriodaphnia
reticulata (Jurine, 1820) increased in Sagittaria thick-
ets before declining toward open water. Meanwhile,
two other species — C. quadrangula (O.F. Miiller, 1785)
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Fig.4. Boxplots of structural indices values of zooplankton communities in the studied biotopes of lakes Charskoe (a-f) and
Golovkovskoe (g-1). Biotopes are described as in Fig. 1. Compact letter designations were added to indicate significant differences.

and C. pulchella Sars, 1862 - showed abundance peaks
in Elodea thickets with subsequent decreases in open
water zone (Table 2).

The proportion of rotifers in total zooplank-
ton abundance and biomass decreased from Glyceria-
Salvinia thickets to Elodea thickets with a further
increase in the open water zone. Cladocerans exhibited
an inverse trend, increasing in Sagittaria thickets and
decreasing toward the open water zone. The propor-
tion of copepods in total zooplankton abundance and
biomass was minimal in Sagittaria thickets but rose pro-
gressively in open water zone.

The total species richness of zooplankton com-
munities was statistically significantly different in all
four zones and was maximum in the Glyceria-Salvinia
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thickets and minimum in the open water zone (Fig. 5g).
Total abundance and biomass of zooplankton commu-
nities were minimum in the open water zone (Fig. 5h,
5i). The total abundance of rotifers and copepods were
significantly higher in the Glyceria-Salvinia and Elodea
thickets compared to the Sagittaria thickets and open
water zone (Fig. 5j, 51). The highest cladocerans abun-
dance was observed in Elodea thickets (Fig. 5k).

The redundancy analysis (RDA) ordina-
tion diagram constructed for Lakes Charskoye and
Golovkovskoye clearly demonstrates the formation of
six sample groups, each corresponding to distinct mac-
rophyte thickets or open water zones (Fig. 6). Among
the factors having a statistically significant influence
on the species structure were biotope type (61.05%),
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Table 2. Indicators of species structure and quantitative development of zooplankton communities in lakes Malyshevskoe

and Khalzovskoe

Lake Malyshevskoe
Indicator Gliceria + Ceratophyllum Open water
Hydrocharis
Species richness 63 59 62
Abundance, % Rotifera:Cladocera:Copepoda 21:45:34 39:44:17 77:3:20
Biomass, % Rotifera:Cladocera:Copepoda 6:52:42 16:52:32 81:7:12
Dominance index, %:
Alonella exigua 30.0 7.76 0.04
Copepodit Cyclopoida 17.14 11.74 1.45
Nauplii Copepoda 14.80 4.32 18.09
Plationus patulus 8.47 11.94 0.10
Coronatella rectangula 7.72 4.99 0.01
Chydorus sphaericus 4.55 24.77 2.03
Lecane luna 1.14 17.21 0.43
Synchaeta pectinata 0.0 0.0 20.23
Lake Khalzovskoe
Indicator Gliceria + Sagittaria Elodea [Open water
Salvinia
Species richness 83 62 71 38
Abundance, % Rotifera:Cladocera:Copepoda 35:20:45 35:55:10 29:48:23 56:9:35
Biomass, % Rotifera:Cladocera:Copepoda 7:58:35 2:93:5 2:92:6 33:55:12
Dominance index, %:
Nauplii Copepoda 29.85 10.81 11.21 34.69
Lecane bulla 15.85 2.82 10.22 2.73
Copepodit Cyclopoida 14.2 4.25 14.39 0.57
Lecane luna 8.28 25.17 15.54 11.6
Ceriodaphnia quadrangula 2.17 2.59 8.45 1.02
Ceriodaphnia reticulata 1.26 15.81 5.06 0
Ceriodaphnia pulchella 0.12 4.02 9.23 0.34
Keratella cochlearis 0.01 0.05 0.01 25.4

water temperature (17.82%), pH (16.05%), conductiv-
ity (15.28%), water transparency (13.65%), and projec-
tive cover of macrophytes (12.68%). The first five axes
were significant (p-value=0.001).

Similar results were obtained when analyzing
zooplankton communities of lakes Malyshevskoe and
Khalzovskoe. The ordination diagram shows the forma-
tion of seven groups of samples confined to a certain
zone of thickets or open water zone (Fig. 7). Among
the factors with statistically significant influence on the
species structure were: biotope type (63.14%), projec-
tive cover of macrophytes (23.85%), water transpar-
ency (16.68%), conductivity (14.99%), pH (10.59%),
dissolved oxygen concentration (6.63%), chlorophyll a
concentration (4.87%), and water temperature (3.22%).
The first six axes were significant (p-value =0.001).

4. Discussion

The concept of spatial distribution of communi-
ties along gradients of environmental factors (coeno-

clines) was actively developed in the last century by
R. Whittaker (1980). According to his approach, an
ecocline represents a combination of a coenocline and
a complex gradient (a gradient of environmental fac-
tors). In the macrophyte thickets of the littoral zone
of the studied lakes, a gradient of key aquatic environ-
mental parameters (temperature, pH, transparency,
electrical conductivity, oxygen content, chlorophyll a)
was formed. Zooplankton communities with differing
species structures were located in macrophyte thickets
of varying morphological types and at the edges of the
thickets, indicating the formation of a coenocline. As
one moved from the thickets of helophytes and mixed
thickets near the shore toward the open water zone, the
zooplankton communities exhibited a gradual shift in
dominant and subdominant species, a decrease in the
proportion of cladocerans, and an increase in the pro-
portion of rotifers. Thus, there were no sharp transitions
characteristic of ecotones. All this allows the observed
distribution of zooplankton communities and environ-
mental factors to be characterized as an ecocline.
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Fig.5. Boxplots of structural indices values of zooplankton communities in the studied biotopes of lakes Malyshevskoe
(a-f) and Khalzovskoe (g-1). Biotopes are described as in Fig. 1. Compact letter designations were added to indicate significant

differences.

The RDA analysis showed that the greatest influ-
ence on the species structure of zooplankton communi-
ties was exerted by the type of biotope — the presence
of plants of different morphological structure or their
absence. The species composition of macrophytes and
the structure of vegetation cover acts as an important
factor determining trophic-niche interactions (Jeong et
al., 2014; Kurbatova and Yershov, 2018). Certain zoo-
plankton species have preferences for habitats formed
by macrophytes of different morphological structure
(Walsh, 1995; Kuczynska-Kippen and Nagengast, 2003).
Increased abundance of the phytophilous cladocerans
S. crystallina in Nymphaea thickets and P. truncatus in
Nuphar thickets is explained by their preference for
plants with leaves floating on the surface (Korovchinsky
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et al., 2021a). The rotifers L. bulla and L. luna prefer
submerged macrophytes. Spatial differentiation of
these two species was observed in Lake Khalzovskoe.
The highest abundance of L. luna was achieved with
lower abundance of L. bulla, which is explained by the
fact that L. bulla is a stronger competitor and is able to
displace L. luna (Kuczynska-Kippen, 2007). The same
competition was observed among Ceriodaphnia species.
C. reticulata as a more powerful filter feeder is able to
suppress the smaller C. pulchella and C. quadrangula,
so it dominated the Sagittaria thickets. In neighbor-
ing Elodea thickets, its abundance decreased, allow-
ing the abundance of C. pulchella and C. quadrangula
to increase. Thus, morphologically diverse macrophyte
thickets form more intense competitive relationships.
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For the majority of lakes, a decrease in species
richness was observed at the edge of thickets in the
open water zone. The maximum number of species was
observed in mixed Glyceria-Salvinia thickets in Lake
Khalzovskoe. Also in this lake there was a decrease in
the number of species in less dense Sagittaria thickets
and an increase in dense Elodea thickets. All this con-
firms the fact that more heterogeneous macrophyte
thickets allow the formation of high species richness of
zooplankton communities (Basu et al., 2000; Bakanov
et al.,, 2001; Kuczynska-Kippen, 2006; Basinska and
Kuczynska-Kippen, 2009; Kurbatova et al., 2017).

For all lakes, the lowest values of total zooplank-
ton biomass were recorded in the open water zone.
However, no unidirectional decrease in biomass from
the shore to the edge of the macrophyte thickets was
observed, unlike the pattern reported in some other
lakes (Bakanov et al., 2001, Cherevichko, 2007). On
the contrary, an increase in total zooplankton biomass
was observed in thickets of submerged macrophytes
(Ceratophyllum and Elodea) bordering with thickets
of helophytes and open water zone. Submerged mac-
rophytes with greater biomass increase the physical
complexity of the aquatic environment to the greatest
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Fig.7. Ordination diagram for zooplankton samples of lakes Malyshevskoe and Khalzovskoe. 1-20 - station numbers (red -
Glyceria maxima and Hydrocharis morsus-ranae biotope, green - Ceratophyllum demersum biotope, light blue - Glyceria maxima and
Salvinia natans biotope, pink - Sagittaria sagittifolia biotope, yellow - Elodea canadensis biotope, blue and gray - open water). SD
- transparency, WT - temperature, Cond - conductivity, DO - dissolved oxygen concentration, Chl - chlorophyll a concentration,

Macro - projective cover of macrophytes.

667



Gavrilko D.E. et al. / Limnology and Freshwater Biology 2025 (4): 659-680

SI: “The VIII-th Vereshchagin Baikal Conference”

extent and create more favorable conditions for aquatic
animals than plants with simpler structure (Manatunge
et al., 2000; Kuczynska-Kippen, 2006; Choi et al., 2014;
Celewicz-Goldyn and Kuczynska-Kippen, 2017).

In all lakes, a decrease in the proportion of cla-
docerans and an increase in the proportion of rotifers
were observed in the total abundance and biomass
of zooplankton at the edge of macrophyte thickets. A
particularly sharp decline in cladoceran abundance
was noted at the boundary between submerged mac-
rophytes (Ceratophyllum and Elodea) and the open
water zone. This effect may be attributed to predation
by planktivorous fish (Jeppesen et al., 1997; Gliwicz,
2003). Submerged macrophytes serve as a refuge from
predation (Moss et al., 1998; Kuczynska-Kippen and
Nagengast, 2006; Semenchenko and Razlutsky, 2009;
Karpowicz et al., 2016), allowing cladocerans to con-
centrate within them. The decline in the proportion of
cladocerans at the edge of the thickets reduces compe-
tition pressure on rotifers, enabling them to increase
their abundance.

5. Conclusions

It has been established that zooplankton commu-
nities with differing species structures develop in var-
ious types of macrophyte belts within the littoral zone
of small lakes. Due to the diverse structure of macro-
phytes, the littoral zone creates a directed change in
community structure and environmental factors across
space, allowing this area to be characterized as an eco-
cline. Changes in the quantitative characteristics of zoo-
plankton communities (number of species, abundance,
biomass) depend on the growth of macrophytes from
different ecological groups. The greatest influence on
zooplankton is exerted by mixed and submerged mac-
rophyte thickets.
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OpuruHanbHan craTbf

lMpocTpaHCTBEeHHOE pacnpeaeneHue ) [ IMNOLOGY
COO6LECTE 300NNAHKTOHA B AHTOPAAbHON  [p Lo TWATER
30He MaAnbiX o3ep Humxeropoackom BIOLOGY

obnactu (EBponenckan Poccusn) - —

l'aBpusko /I.E.*, ByoHoB B.A., Capankun A.I1O., XXuxapes B.C.

HayuoHasteHeiil uccedogamestsckuli Hudsceeopodckuii eocydapcmaeHHslll yHugepcumem um. H.H. Jlob6aueackoeo, IIpocnekm
T'aeapuma, 23, HudcHuti Hogzopod, 603022, Poccus

AHHOTAIIHSI. Beicuivie BOAHbBIE pacTeHNs JIMTOPAJIbHON 30HBI 03€p BBICTYIIAIOT MOIIHBIM CPefoo0pa-
3yloluM (akTopoM, o0ycjiaBJIMBalOIIUM IIPOCTPAHCTBEHHOE pachpejesieHre ruapoObuoHToB. H3yueH
XapakTep paclpefiejieHns coo0IIecTB 300ILIAHKTOHA 10 IONepevyHoOMY MpoduiIio 3apocjell Makpodu-
TOB B JINTOPAJIbHOM 30He MaJbix o3ep Hukeropoackoil o6jacTu. YCTaHOBJIEHO, YTO B HCCJIeQyeMbIX
61O0TOMAax 3apOC/Iy BHICHINX BOJHBIX PaCcTeHUI CIIOCOOCTBOBAIM U3MEHEHUIO Psifia TapaMeTPOB BOJHOM
cpennl U (opMupoBann ux rpaaueHT. [lokasaHo, 4TO € IPOABHXXEHHEM OT 3apocJiell reJopuUTOB U
CMeIllaHHBIX 3apocJieli, pacloJIoKeHHBIX y Oepera, K 30He OTKPBHITOM BOABI B 300IJIAHKTOLIEHO3aX IIPO-
Hcxo[uila IocTeleHHas CMeHa JOMUHAHTOB U CyOQOMHHAHTOB, CHI)KEHME A0JIM BETBUCTOYCHIX PaKo-
00pa3HbIX U yBeJInueHue A0JIM KoJIoBpaToK. HauboJibliee BiIyUsAHKME HAa BUAOBYIO CTPYKTYpPYy COOOIIECTB
300IJIAHKTOHA OKa3blBasl TUM O6uoTtona. [IpoaHan3upoBaHo MpeAnoYyTeHre HEKOTOPhIMU BHAAMH 300-
IIJIAHKTOHA 3apocJiell pacTeHul pa3HbIX XU3HEHHBIX opM. OTMeUYeHO CHIXeHHe BUIOBOro OoraTcTBa
1 6roMaccel 300IJIaHKTOHA Ha Kpalo 3apocJieli B 30He OTKPBITOM BoAbl. CAesiaH BEIBOJ O TOM, YTO CMeHa
pacTeHui pasHbIX 5KOJIOTMYECKUX I'PYIII 110 IollepevyHoMY MpodUIII0 30HEI 3apocieli onpeaesiseT u3Me-
HeHUA (GaKTOPOB Cpelbl ¥ COOOMeCTB IIAHKTOHHBIX 0eCII03BOHOYHEIX 10 TUILY SKOKJIMHA.

Kitioueauie csiosa: KojioBpaTky, pakooOpasHble, BU0BasA CTPYKTypa, MakpodUTEHI, MaJible 03epa, SKOKJINH

Jia nurtupoBanusa: I'aspusnko JI.E., Byonos B.A., CapankuH A.10., XXuxapep B.C. [IpocTpaHCTBeHHOe pachpejesieHne coo0-
IIeCTB 300IJIAHKTOHA B JINTOPAJIbHOM 30He MaJjibix o3ep Hukeropopackoil obsactu (EBpomneiickas Poccus) // Limnology and
Freshwater Biology. 2025. - Ne 4. - C. 659-680. DOI: 10.31951/2658-3518-2025-A-4-659

1. Beepenue 3Me U CTPYKTypa 300ILIAHKTOHHBIX COOOILIECTB YETKO

CBA3aHBI C TPOCTPAHCTBEHHON TIe€TEPOTreHHOCTHIO
JINTOPaM, KOTOpass OOyCJIOBJIEHA TUIIOM U YPOBHEM
passutusa MakpodutoB (CemeHueHkO U Ap., 2013).
TeTeporeHHOCTh BOJHOHN Cpefpl, co3aBaemMas MaKpo-
¢duTtamu BeICTyMaeT KJIIOYEBBIM (AaKTOPOM BEICOKOTO
BBITOJIHAIOT BBICIIME BOAHbe pactenns (Lauridsen et BHUJIOBOr0 60raTcTBa v IIOTHOCTH 300IJIAHKTOHA B IIPU-
al., 1998; Lucena-Moya and Duggan, 2011; Choi et al., 6pexHoil 30He BogoeMoB (Scheffer, 2004; Kuczynska-
2015). IIpubpexxHas 30Ha 03ep XapaKTepusyeTcs Hau- Kippen, 2006; Bolduc et al., 2016).
6ospmMMu  Gropa3zHooOpa3ueM U OGUONPOAYKTHUBHO- B 3KOJIOTMHU TIPOCTPAHCTBEHHOE PACIIPE/eJIeHIIe
CTBIO, B Hell HanboJlee NHTEHCHBHO MPOTEKaloT GHOJIO- COOOIECTB OMKMCHIBAETCA KOHLENIMAMU OPraHU3MHU3Ma
TUYEeCKHUe M XUMUYecKue mpoiiecchl (JIuTopasbHas..., (Clements, 1916) u KoHTHHyanusMa (PaMeHCKHI,
2011). Ona urpaeTr 4Ype3BHYANHO BaXHYI0 POJIb KaK 1924; Gleason, 1926). B paMkax 3TUX KOHLEILHil B
61odUIBTP, MepexBaTHIBAIOIINN 3HAUYUTEJIBHYI0 4acCTh KauecTBe NEPEXO0B MEX/Y COOBIIECTBAMY BbLAESIOT
NOCTyNAOMUX ¢ BOAOC60pa GHOTEHHBIX 3JIEMEHTOB 5KOTOHBI ¥ KOKJIMHBL. DKOTOHBI MPEACTABJIAT COOOM
(Cemenyenko u zip., 2013). 06J1aCTV OTHOCHTEBHO OBICTPBIX H3MEHeHUi, oGpa-
MakpoduTel BBICTYHAOT Cpeaoo0pasyoLIM 3yIOIIMe Y3KYI0 SKOJOTMYECKYI) 30HY MEXAy ABYM
¢axTopoM B BOJHBIX SKOCHCTEMAX, ONpeJesIAINIM Pa3IMYHBIMA ¥ OTHOCUTEJIBHO OHOPOHBIMHU TUIAMU

pasBUTHE BCEX KOMIIOHEHTOB ILUIAHKTOHHOTO COO0O0IIe- COOBIIECTB. DKOKJIMHBI — IPaIHeHTHbIE 30HbI, COepkKa-
ctBa (Kurbatova et al., 2019). BumgoBoe pa3HOOOpa-

JlutopasibHas 30Ha BOJIOEMOB SBJIAETCA OLHUM
U3 TIEPBOCTENEeHHbIX 3BEeHbEB B OOIel Ieru IpoAay-
LUPOBaHUA BOIHBIX dKocucTeM (3umbasieBckas U Ap.,
1987), B KOTOPO¥ OCHOBHYI0 CTPYKTYPUPYIOIIYI0 POJIb
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[[yie OTHOCHUTEJIBHO reTeporeHHbIe COOOIIeCTBa, Mpe-
CTaBJIAIOT coOO¥i rpaHully 6oJiee MOCTENeHHbIX HU3Me-
HEHUI MeXxOy IByMs coobmectBamu (van der Maarel,
1990). B BOAHBIX 3KOCHUCTEMAX JIMTOPAJBHYI0 30HY
yacTo paccMmarpuBaloT kak 3koTtoH (Epmoxun, 2007;
JlutopanbHas..., 2011; Stolbunova, 2011). B kaue-
CTBE DJKOKJIMHA PAaCCMaTpPUBAIOT TpaJIEHTHHIE 30HBI
C HEOJHOPOOHBIM CIEKTPOM IMEPEXOHBIX COOOIIECTB
MakposoobeHToca (Attrill and Rundle, 2002) u psi6
(Barletta et al., 2008; Lima et al., 2019) B acTyapusx.
@dopMHUpPOBaHUE 3KOKJIMHA IJiA COOOLIECTB 300IJIAaH-
KTOHA B JINTOPAJIbHON 30HE paHee He 00CYKAaioCh.

Cerperaiys cpeibl 0O0UTaHUsA, OOBIYHO MOHUMA-
eMas KaK 3aHATUE PA3HbIX TJTyOWH, ABJIAETCS U3BECT-
HBIM SIBJIEHEM B TIPUPOJHBIX COOOMIECTBAX 300ILIAH-
kroHa (Makarewicz and Likens, 1975; CemMeHYEHKO
u ap., 2013). OgHako Mo-pexxHeMy MaJjio 3HAHUU O
BO3MOXXHOW cerperanmyuu BUJIOB B CMEXHBIX MECTOO-
outanmax (Kuczynska-Kippen, 2003). B smTopaibHOMN
30He MakpoGUTH (POPMHUPYIOT MMOsACA M3 pacTEeHUH
Pa3HBIX 3KOJIOTMYECKUX TpyIIl. Biaromaps pa3HOMY
MOP(}OJIOrTYECKOMY CTPOEHUIO U TUIOTHOCTU 3apOcCJieit
MakKpoUTHl YBEJIMYUBAIOT TE€TEPOTEHHOCTh Cpedbl U
MOTYT crenuduiecKkd N3MeHATh abroTUYecKue U 61o-
TUYECKHE YCJIOBUS [JII OPraHU3MOB 300IJIAHKTOHA.
Takum 06pa3oM, MOXET MPOUCXOOUTH MPOCTPAHCTBEH-
Hasa aubdepeHIUANMA COOOLIECTB 300IJIAHKTOHA B
JIUTOPAJIbHON 30He. M3ydyeHHe B3anMOCBSA3U MEXIY
XapaKTePUCTUKAaMH MaKpopHUTOB U 300IJIAHKTOHA CTa-
HOBUTCS LIEHTPAJIbHON 3a7avyedl B JIMMHOJIOTUYECKUX
uccnegosanusax (Choi et al., 2014).

Llens pabGoOTHl — YCTAaHOBUTb XapakKTep pacrpe-
JeJieHds cooOIecTB 300IUIAHKTOHA IO TOMEePeYHOMY
npodII0 3apocyell MaKpoOUTOB U BHIABUTb SKOKJIMH
B JINTOPAJIBHOH 30HE 03ep.

2. MaTtepunan u meToAbl

Coo611ecTBa 300IJIAaHKTOHA M3y YaJll B INTOPAJIb-
HoI1 30He o3ep Yapckoe (N 55.518430, E 43.186926)
u T'onoBkoBckoe (N 56.332851, E 43.705419), pac-
NoJIoKeHHbIX B Hupkeroponckoil obsactu U o3e-
pax MansimeBckoe (N 56.202787, E 43.828156) u
Xanw3zoBckoe (N 56.384321, E 43.860295), pacmnoJio-
’keHHBIX B uepTe I. HuxHuit Hoeropon. O3epo Yapckoe
— BOJOEM KapCTOBOI'O IIPOMCXOXEHU, pacroJaraercs
B 5 KM K ceBepy OT nocesika MyxrtosioBo. Vimeert 11j10-
maae 31,2 ra, MakcUMaJibHyI0 IJIyOrHy 16 M, cpeaHsAA
riayOuHa BapbupyeTca B npedesnax 3 — 4 m (bakka u
Kucenesa, 2009). O3epo I'osioBkOBCcKOe — HEOOJIBIION
BOAO0EM Cy(P(DO3MOHHOrO MPOMCXOXAEHUsA, pacroJara-
eTca B 3 kM K 3anagy oT Huxnaero HoBropoza B jiecHoM
MaccuBe. OTianvaeTca HeOOIbIINMU TJIyOMHaMu (Mak-
cuMasibHas riybuHa 3 M, cpefH:aA riiyouHa 1 — 2 Mm).
Osepa MasbieBckoe U Xajab30BCKOe ABJIAIOTCA IOU-
MEHHBIMH HelIlpOTOYHBIMM BOAOEMaMU C HeOOJIbIINMU
riaybuHaMu (MakcuMasbHas rJiyoMHa 3 M, cpenHss
riaybuHa 1,5 — 2 m). MccyieqoBanus NpoBoauiu ¢ 24 mo
27 ntosia 2024 r. B nepruoj MakKCUMaJIbHOTO pa3BUTHUA
Makpo®UTOB IIPU ONTUMAJIBHBIX MOTOJHBIX YCJIOBHUAX
(oTcyTcTBHME BETPOBBIX U HAaroHHBIX ABJIEHUH U Ocaj-
KOB) B THEBHOE BpeMs.

671

B o3epe Yapckoe BblfeJieHBl 3apOC/IM CUTHATA
6osiotHorO Eleocharis palustris (L.) Roem. & Schult.
1 KyOwimuku xentoii Nuphar lutea (L.) Sm. B o3epe
T'os10BKOBCKOE — XBolia mpupevHoro Equisetum fluviatile
L. v KyBIIMHKY 4ncTO-0e1081 Nymphaea candida J. Presl
& C. Presl. B o3epe MaibllieBcKoe BbIJIeJIEHBI CMEIIAaH-
HBlEe 3apoc/ii MaHHUKa OGosbiioro Glyceria maxima
(Hartm.) Holmb. ¢ Bogokpacom siarymauum Hydrocharis
morsus-ranae L. 1 3apociid pOroJINCTHUKA NOrpyXKeH-
Horo Ceratophyllum demersum L. B o3epe Xaib30BcKoe
— 3apocjy MaHHUKa 6O0JIBLIOro € cajIbBUHHUEH IljaBa-
fomel Salvinia natans (L.) All., cTpesosvcTta 06BIKHO-
BeHHOro Sagittaria sagittifolia L. v ayi0[1en KaHAACKON
Elodea canadensis Michx. 3apocimn Equisetum fluviatile,
Eleocharis palustris u Sagittaria sagittifolia popmupoBasu
[IOSIC BO3AYIIHO-BOAHBEIX MakpoduTtoB (resodpuToB),
Nuphar lutea n Nymphaea candida — nosic pacteHu# C
[IJIaBaOI[MH Ha IIOBEPXHOCTH JIUCThAMU (ILJIEHCTO-
dutoB), Ceratophyllum demersum wu Elodea canadensis
— TosAC NMOrpyXeHHBIX MakpoduToB. B xaxgom osepe
BJI0JIb Oepera ObLTa 3ajioKeHa TpaHcekTa AJuHOU 10
M, B IIpefiejlax KOTOpPOH uepe3 Kaxjble 2 M IO IoIe-
peyHoOMy paspe3y OT nosca reJopuTOB 10 IPaHULEBI C
OTKPHITOM BOAOH OTOMpasM IpOoOBl 300IJIAaHKTOHA. B
KaxJoM IIosce pacTeHWH W Ha rpaHUIle C OTKPHITOH
BOJI0l cobpaHo no nATh npob (Puc. 1).

[Tpo6s! 0TOMpayi MEpHBIM BepOM, NPOIeXnBasd
yepe3 IIJIAHKTOHHYI0 ceThb (AuaMeTp s4ed 70 MKM) 25
J1 Bogsl. Becero co6pano 65 npo6. IIpo6el pukcrpoBaiu
40%-HBIM (OpPMAJIMHOM [0 KOHEYHOH KOHIeHTpauuu
4%. Jlnsa obpaboTku mpob NpUMEHSIN OOIIenpuHs-
Thle B MpaKTHKe I'MApOOHOJIOTMYEeCKUX HCCIIeJOBaHUN
meronpl (Meromsl..., 2024). WpeHTudukanuio opra-
HM3MOB 300IIJIAHKTOHA IIPOBOJWJIM C ITOMOIIBIO OIpe-
nenureseil (Onpenenurens..., 2010; KopoBunHckuil u
Ip., 2021b).

B kaxnoil Touke oTrOopa mpo6 OOHOBpPEMEHHO
ObLTM M3MepeHBl abhoThYecKkre U OMoTUYecKHe Mmapa-
MeTpHl cpefpl. [Ipo3payHOCTh BOABI ONIpeAesATId IO
6enomy naucky Cekku. Temmnepartypy, pH, aJyiekTpo-
IIPOBOJHOCTh BOJBI M KOHIIEHTpaluio xjgopodusia a
M3MepsIN MyJIbTUIIapaMeTpuieckuM 30Ha10M Aquared
(UK), comepxaHue pacTBOpeHHOro kucjopona — MAPK
303 (Poccus), IlpoekTuBHOE MOKPHITHE MaKpoUTOB
oleHMBaIu OOMeNpUuHATEIM MeTogoM (ITanueHKOB,
2001).

JomMmuHupyomnye BUbl 6eClIO3BOHOYHBIX BBIJie-
JIAZIM IO YHWCJIEHHOCTH, corjlacHO uHaekcy [lanusa—
KoBHanku (IlutukoB u np., 2003). [na aHanmsa
CTPYKTYPHBIX IOKasaTeJsiell cOOOIIecTB 300IJIaHKTOHA
ObUIM BBIOpaHB: BUAOBOE OOraTcTBo, oOOW[as duC-
JIeHHOCTh M OHoOMacca 300ILIaHKTOHA, YMCJIEHHOCTU
Rotifera, Cladocera, Copepoda. [lyia ompefnesieHUs
OTKJIOHEHH! OT HOpMaJIbHOTO pacipefesieHUs UCI0JIb-
3oBasu Tectol Hlanupo-Yunka, Augepcona—/lapjiuHra
u Jlnnmedopca. OOHOPOJHOCTh AWCIIEPCUI OIeHU-
Bajlach Cc nomolnplo Tecra JleBeHa. [lyiA ompefesieHUA
3HAYMMOCTH pa3jiMuuil aHaJIU3MpyeMBIX NapamMeTpOB
IIPUMEHAJINCh TecT BuikokcoHa, t-TecT Yaja4a U TecT
Teioku ¢ mompaBkoi Bectdosuta—fnra (Legendre and
Legendre, 2012). O6mmas 4MCJIeHHOCTh U OuoMacca u
YHMCJI€HHOCTH TaKCOHOMUYECKUX I'PYII 300IJIaHKTOHA
nepej] aHaJIM30M ObLIN JiorapuMUpOBaHBbL, JJI COOT-
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Puc.1. Cxema pacmojioOXeHUs KCCJIE[JOBaHHBIX OMOTOMOB o3ep Yapckoe (a), TosoBkoBckoe (6), MauibimeBckoe (B) u
Xasp3oBckoe (). Liudbpamu cjieBa 0603HaU€HO pacCTOsIHUE OT Oepera.

BETCTBUs HOPMaJIbHOMY pacnpejesieHuio. J{Jis oljeHKU
BIUAHUA (HAKTOPOB Cpefbl Ha BUAOBYH CTPYKTYpY
Co00II[eCTB 300ILJIAHKTOHA UCIT0JIb30BAIN aHAJIN3 U30bI-
touyHocTu (RDA). Bce aHanu3el MpoOBOAWIN C ITOMO-
IIbI0 MPOrPaMMHOI0 o6ecreyeHus C OTKPBITBIM HCXOJ-
HBIM KoZoM R (makeThl «nortest», «car», «multcomp»,
«mvtnorm», «readxl») (Borcard et al., 2011; R Core
Team, 2025).

3. Pe3ynbTarthbl

HccnenoBaHHble 3apocjiii Makpo(UTOB pasiiu-
YaJich MO MPOEKTUBHOMY MOKpPHITUIO. B XBole oHO
coctaBuio 95%, B kyBmuHKe — 70-75%, B cuTHArE —

a 0

65-75%, B KyObIliKe — 60—70%, B MaHHUKE C BOJOKpa-
coM — 95-100%, B porosmctHuke — 100%, B MaHHUKE C
canpBuHuel — 100%, B ctpenonucrte — 75-85%, B aJ10-
neu — 95%.

[TpoBefieHHble TOMApHblE CpaBHEHUS OCHOBHBIX
XapaKTepUCTUK BOAHON cpeldbl B pa3HBIX TpaHCEKTax
MoKa3aJiu, 4To OOJIBIIMHCTBO TapaMeTPOB CTaTUCTHYe-
CKU 3HauYMMO Pa3jInyajioch MeXay pa3HbIMU 30HaMHU.
Tak, B 03. Yapckoe TemriepaTypa BOABl U KOHI[eHTpa-
U xJopoduiiia a B 3apoCJisiX CUTHATa ObLIM CTaTu-
CTUYeCKU 3HAaYyMMO BBIE, YeM B 3apOCJIsAX KyOBIINIKU
U 30He OTKphITON Bomel (Puc. 2a, 2x). Ilpo3pauHocTh
BOJIbI 3HAUYMMO Bo3pacTaja, a pH ymeHmmanaoch OT
3apocJieli CUTHATa K 30He OTKpbITOM BoAs! (Puc. 20, 2B).

B

OTKkpbITas Boga— OTKpbITas Boga

i

OTKpbITas Boaa |

KyBbiLuka | D **** { a KyBbiLuka — | 6 KyBbiLuka — feeees Dj ***** i 6
CuTHAr—| o I:D 6 CuTHAr - B CuTHsr— [['-1 B
T T T T T T T T T T T T T T T T
25.0 255 26.0 04 06 08 10 12 14 6.7 6.9 71 7.3
Temnepartypa, °C Mpo3payHocTb, M pH
r il e
OTkpbITas BOAA | o | o |a OTkpblTaa Boga | I'{ a OrTkpblTas Boga | o I a
KyGbiLuka —| freneees I:I ab KyGbiLuka — }{D{ a KyBLunHKa — k{:ﬂ o |a
CuTHar l:D ***************** 1 ]6 CuTHAr PD:I """ 116 Xgouwy— f----- m ° 6
T T T T T T T T T T T T T T T T T
58 59 60 61 62 63 10 20 30 40 50 60 70 225 23.0 23.5 24.0
OneKTPONPOBOAHOCTb, MKCM/CM Xnopodunn a, mr/n Temnepatypa, °C
K 3 n
OTkpbiTas Boga —| a OrtkpbiTas Boga | frsmasnan -1 a OrTkpbiTas Boga | o - a
KyBLumHKa —| 6 KyBLumnHKa —| )-I]{ 6 KyBLuMHKa | a
Xeow | | B Xeowy—{© |:I B XBouy—{© | o 6
T T T T T T T T T T T T T T T T T
06 08 10 12 14 66 67 68 69 70 112 114 116 118
Mpo3payHocTb, M pH OneKTponpoBOAHOCTb, MKCM/CM

Puc.2. luarpaMMsl pa3aMaxa 3HaueHUI [oKa3aTeJiel TeMnepaTyphl, Ipo3pavHocTy, pH, 371eKTpOIpoBOAHOCTH U KOHIIEHTpa-
uuu xJiopoduiuia a B MCcIeJOBaHHBIX OroTomnax o3ep Yapckoe (a—xa) u 'osioBkoBckoe (e-u). OnricaHue 6UOTOIOB, Kak Ha puc. 1.
Jl1a o603HaUeHNsI 3HAUUMBIX pa3Inuuil ObLIN Jo6aBJIeHBl KOMIAKTHEIe OyKBeHHble 0003HAUYeHUA.
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DJIeKTPONPOBOAHOCTD BOJBI B 3apOCJISIX CUTHAra ObLia
HIXe, 4YeM B 30He OTKpBITOU Bofel (Puc. 2r). B o3epe
l'omoBKOBCKOE TeMIlepaTypa BOJBI B 3apOCJIAX XBOILA
OblJIa CTAaTUCTUYECKU HHUXe, a 3JIeKTPONPOBOLHOCTH
BBIIlle, YeM B 3apOCJIAX KYBIIMHKN W 30HE OTKPBITO
Boan! (Puc. 2e, 2u). IIpo3pauHocTs 1 pH BOABI 3HAUYNMO
pasaunyauch Bo BcexX TpEx 30Hax (Puc. 2x, 23).

B o3epe MasbiiieBckoe MpO3pavyHOCThb BOABI CTa-
TUCTUYECKH 3HAYMMO BO3pacTaja OT 3apocjiell MaH-
HHMKa C BOJOKPACOM K 30He OTKphITON BozAwl (Puc. 3a).
B 3apocsiax porosvcTHUKa HabI04aioch Bo3pacTaHue
pH no cpaBHeHuo c coceguuMu 3oHamu (Puc. 36) u
CHIXeHNe KOHIIEHTpAIMU KUCJIOpoAa M0 CPaBHEHMUIO C
30HOM OTKpHITOM BoAbI (Puc. 3B). B o3epe Xanb3oBckoe
TeMIlepaTypa BOJABl B 3apocCjsAX MaHHHKa C CaJibBU-
HUel OblIa CTAaTUCTHUYECKM 3HAUYMMO HIKe, 4YeM B
APYrUx 3apocjisaX U 30He OTKpBIToN Boabl (Puc. 3r).
[Ipo3pavyHOCTh U 3J1€KTPONPOBOJHOCTDH BOJIBI 3HAYNMO
BO3pacTajii OT 3apocjeil MaHHUKAa C BOJOKPAcoM K
30He OTKphITON Bomel (Puc. 3a, 3x), a pH Boxel BO3-
pacTtajo K 3apocjiaM 3JI0fed, a 3aTeM CHUXaloch B
30He OTKpbITON BoJbI (Puc. 3e). Haubosblee cogepxa-
HMe KHCJI0poJia OTMEUYEHO B 3apOC/IAX 3JI0feUu U 30He
oTkpeITON BoAbl (Puc. 33). Haubosiblilee cofepxaHuie
xJI0podUIJIa a 3aperuCTPUPOBAHBL B 3apOCJIAX 3JI0eil
10 CPaBHEHUIO C 3apOCJIIMU MaHHUKA U 30HOU OTKpHI-
toil Bogel (Puc. 3u). Takum oGpa3oM, B mcciieyeMBbIX
61oTONax 3apocsid BHICIINX BOAHBIX pacTeHUN CIoco0-
CTBYIOT U3MEHEHUIO psiJia TapaMeTpOB BOJIHOM Cpefsl U
popMUpYIOT UX rpaiueHT.

Ananu3 BUIOBOM CTPYKTYpPBl COOOIIECTB 300-
IUTAaHKTOHA o3epa Yapckoe mokasas, 4TO OT 3apocieil
CUTHsATA K 30He OTKPBITOU BOJABI MPOUCXOUIIO 3aMellie-
HUe BHUJIOB B JIOMUHAHTHOM KoMmiuiekce. JloJid OCHOB-
HOro AOMUHaHTa B 3apocjiAX CUTHAra o03. Yapckoe
koJsioBpaTtku Conochilus unicornis Rousselet, 1892 -
CHI’XaJsIach K 30He OTKPHITOM BOMBL, I'le OH BHIOBIBAJI U3

paspsana cyOAOMHWHAHTOB, HO OAHOBPEMEHHO BO3pac-
Tajia A0JIA HAyIUIMAJBHBIX CTaJUi BECJIOHOTHUX PAKO-
00pa3HbIX U 3YIUIAHKTOHHBIX KOJIOBpatok Polyarthra
euryptera Wierzejski, 1891 wu Keratella cochlearis
(Gosse, 1851). B 3apocisix KyOBIIKKA YBeJIWYHUBaIach
JIOJIA BETBUCTOYCHIX paukoB Polyphemus pediculus O.F.
Miiller, 1785 u Pleuroxus truncatus (O.F. Miiller, 1785)
MpU JaJIbHEHIIeM CHUXEHHU K 30HE OTKPBITON BOIBI
(Ta6smma 1).

C mpoJBWXXEHWEM OT 3apOCjiell CUTHATA K 30HE
OTKDHITOM BOJBI YMEHbBIIAJACh MAOJII BETBUCTOYCHIX
pakooOpa3HBIX B OOIIeil YHCIEHHOCTh W Ouomacce
300IJIAHKTOHA U BO3pacTaHWe [OJIM BeCJIOHOTHX
pakoobpa3HbiXx B 00mell Ouomacce 300IIaHKTOHA
(Ta6smma 1).

B 3apociiax KyOBIIIKK OTMEYEHO BO3pacTaHUe
BUJIOBOT'O 6OraTcTBa COO0IIECTB 300IJIAHKTOHA IO CPaB-
HEHUIO C 3apOCJIAMM CUTHATA U 30HOU OTKPBITOHN BOJIBI
(Puc. 4a). Obujas 6roMacca 300IJIaHKTOHA B 3apOCyIAX
KyOBIIIKY ObLJIa CTATUCTUYECKH 3HAYMMO BBIIIE, YEM B
30He OTKphITOM BoAbl (Puc. 4B). OOmas 4McCJIeHHOCTD
BECJIOHOTMIX PAKOOOpPa3HBIX B 3apOCJIAX CUTHATA ObLIa
HUXXE 110 CPaBHEHUIO C 3apOCJIAMH KYOBIIIKH W 30HOM
oTkpsITOl BoAbl (Puc. 4e). Paznuunii B obmieil ynciieH-
HOCTU 300IJIAHKTOHA U YHMCJIEHHOCTHA KOJIOBPAaTOK U
kJ1agounep obHapyxeHo He O6bu10 (Puic. 46, 4r, 41).

B 03. T'oJIoBKOBCKOE HabGJII01aI0Ch YBEJTUYEHHE
JI0JTA HAYIUIMEB W KOJIOBpaToOK Brachionus calyciflorus
Pallas, 1776 u Conochiloides coenobasis Skorikov, 1914
MIPU TPOJIBIDKEHUM OT 3apOCJIel XBOIA K 30HE OTKPHI-
TOl BoABl. OJHOBPEMEHHO MPOMCXOIUJIO CHUXEHHE
nonu paykoB Thermocyclops crassus (Fischer, 1853) u
Scapholeberis mucronata (O.F. Miiller, 1776). B 3apoc-
JIAX KYBUIMHKHU YBEJIWYMBAJIACh MAOJISI BETBUCTOYCHIX
paukoB Bosmina longirostris (O.F. Miiller, 1785) u Sida
crystallina (O.F. Miiller, 1776) npu JajpHENIIEM CHU-
XeHUU K 30He OTKphITol BoAsl (Tabiuna 1).

a 6 B
OTKpbITas BoAa | o I a OrtkpbiTas Boga | %|]:| o a OrtkpbiTas Boga—| %ED """"" { a
PoronucTHmnk— }D 6 PoronncTHuk | )-[Ij{ 6 PoronucTHuk — ED ——————————— { 6
Bopokpac Bopokpac Bopokpac
I I I I I I I I I I I I I I I I I I I
02 04 06 038 1.0 81 82 83 84 85 86 87 65 7.0 75 80 85 9.0 95
MpospayHocTb, M pH Kucnopog, mr/n
r a e
OTKpbITas Boaga —| a OrtkpbiTas Boga —| a OrtkpbiTas Boga—| ' o a
Onopesn—| o |a Onopesa—| 6 Onopesa—| o] m+ 6
CrpenonucT —| a Crpenonuct B CrpenonucT —| P|] ° a
MaHHuK _| MaHHuK _| MaHHuk | |
CanbBuHus | ‘ ‘ ‘ | ‘ [ 6 CanbBuHus : | ‘ | ‘ r CanbeuHua ] {\:I]*I . | | B
23.0 24.0 25.0 26.0 0.4 0.6 0.8 1.0 1.2 70 72 74 76 78 8.0
Temnepatypa, °C MpospayHocTb, M pH
K 3 n
OTKpbliTas Boaa —| . a OrtkpbiTas Boga—| %'"-1 a OrtkpbiTas Boga—| }". o a
Onopes | o —# 6 Ornopes—| o - i |a Ornopes —| o Eﬂ o |6
Ctpenonuct —| \:I"{ 6B Crpenonuct —| %'l:|:|+ 6 Crpernonuct—|  © |]:J o ab
ManHuk |, L MaHHuk | MaHHuk | | .
CanbBuHus l:‘l:l ! i ‘ B CanbeuHus ’ : OI ‘ EI ‘O ; ab CanbeuHus t 1I:I} 1[ | ‘ a
190 195 200 55 6.5 75 8.5 10 15 20 25 30 35

3nekTponpoBoAHOCTb, MKCM/CM

Kucnopopg, mr/n

Xnopodwunn a, mr/n

Puc.3. [luarpamMbl pa3Maxa 3HaueHHUIl MoKa3aTesiell TeMmepaTyphl, Mpo3padHocTy, pH, KOHIleHTpaluuu pacTBOPEeHHOro
KHCJIOpO/ia, 3JIEKTPOIIPOBOAHOCTU M KOHI[EHTpaluy xJopodusja a B UCCIeJOBaHHBIX OuoTonax o3ep Marsimesckoe (a—B) U
Xanb3oBckoe (r-u). Onucanye 610TONOB, Kak Ha puc. 1. 11 0603HaueHNs 3HAUUMBIX pa3Induil ObUTN 106aBJIeHB KOMITaKTHEIE
OGyKBeHHBIe 0003HAUYeHUA.
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Tabnuna 1. ITokazaTesn BUAOBOU CTPYKTYPH M KOJINYECTBEHHOTO Pa3BUTHUA COOOIIECTB 300IJIAHKTOHA o03ep Yapckoe u

l'onoBkoBcKoOe
Osepo Yapckoe
IToka3aTeJip CuTHAT KyObImka OTkpbITas Boga

BupgoBoe 6oratcTBo 50 55 32
YucsieHHOCTh, % Rotifera:Cladocera:Copepoda 49:30:21 27:29:44 42:18:40
Buomacca, % Rotifera:Cladocera:Copepoda 2:95:3 3:85:12 8:74:18
WHpexc nomuHupoBaHus, %:

Conochilus unicornis 49 20.44 0.16

Nauplii Copepoda 8.15 24.95 27.34

Lecane bulla 7.96 0.77 0.03

Copepodit Cyclopoida 7.35 16.95 9.67

Polyphemus pediculus 3.79 6.35 1.12

Pleuroxus truncatus 2.69 7.74 0.76

Polyarthra euryptera 0.02 4.86 22.73

Keratella cochlearis 0.01 0.11 21.9

O3epo '0JIOBKOBCKOE
IToxa3arteJsbp XBo1g KyBmmHKa OTKkphITas Boja

BupgoBoe 6oratcTBo 73 62 43
YucieHHOCTb, % Rotifera:Cladocera:Copepoda 23:31:46 23:57:20 45:25:30
Buomacca, % Rotifera:Cladocera:Copepoda 1:60:39 5:91:4 35:37:28
WHpexc gomuHupoBaHus, %:

Copepodit Cyclopoida 18.45 1.03 2.88

Nauplii Copepoda 15.32 17.75 26.85

Thermocyclops crassus 12.78 0.03 0.04

Scapholeberis mucronata 9.31 1.56 0.01

Sida crystallina 2.24 10.04 0.03

Bosmina longirostris 1.81 27.75 23.65

Brachionus calyciflorus 0.12 5.74 7.20

Conochiloides coenobasis 0.01 0.78 13.76

C mpoJBMXeHUEM OT 3apocjiedl XBOIa K 30He
OTKPBITON BOJIbl yBEJIMYMBAJIACH [I0JIsI KOJIOBPATOK B
0011ell YMCIeHHOCTU 1 GrioMacce 300IJTaHKTOHA. J{oJ1A
KJIafjonep B 0oOIel YrCcJIeHHOCTH U GromMacce Bo3pac-
TaJjia B 3apOCJISIX KYBIIMHKY, a 3aTeM CHMUXaJIach B 30HE
OTKPBITON BOJIBL. J{0J1s1 KOIIEeNo 1 MOKa3kiBajia 00paTHYIO
Tenaennuio (Tabauna 1).

BumgoBoe 6GorarcTtBo m oOmas 6momacca coo0-
IIECTB 300IJIAHKTOHA B 30HE OTKPHITOM BOJIBI CTaTH-
CTUYECKU 3HAYUMO ObLIM HUXKE, YeM B 3apOCJIAX MAaKPO-
durtoB (Puc. 4x, 4u). OOIas 4YMCJIEHHOCTh KJjajiolep
B 3apOCJIAX KYBIIMHKHK ObLjla BBIIE, YEM B COCEIHUX
30HAX, a YMCJIEHHOCTh KOIIENOo ] HIXe, YeM B 3aPOCJISX
xBoma (Puc. 411, 4m). Pasauunii B 00IIeN YMCIeHHOCTH
300IUTAHKTOHA U YMCJIEHHOCTU KOJIOBPAaTOK OOHapy-
keHo He 0b110 (Puc. 43, 4K).

Cxoxue pe3yJibTaThl ObLIM TOJIyYeHBl NP aHa-
JIM3e BUJOBOU CTPYKTYPHl 300IJIAHKTOLIEHO30B MOW-
MEHHBIX 03ep. B o3epe MaJIblieBCKOE [0S OCHOB-
HBIX JIOMWHAHTOB B 3apOCJIAX MaHHUKA C BOJOKPACOM
Alonella exigua (Lilljeborg, 1901) 1 KOIIENOJUTHHIX CTa-
Ui BECJIOHOTUX PAvKoB u cybgomuHaHnTta Coronatella
rectangula Sars, 1862 yMeHbIIAINCH IPU IPOIBIKEHIHN
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K 30He OTKPBITON BOJbL. B 3apociisgx poroJMCTHUKA
MIPOUICXOUJIO yBeJIMUeHUe IO KOJIOBpaToK Plationus
patulus (Miiller, 1786) u Lecane luna (Miiller, 1776) u
BeTBUCTOYyCOro pauka Chydorus sphaericus (O.F. Miiller,
1785) ¢ majbHEWITMM CHMKEHUEM B 30HE OTKPHITOM
BOAbL. DYIUIAHKTOHHAs KOJIOBpaTKa Synchaeta pectinata
Ehrenberg, 1832 6bu1a OCHOBHBIM JOMHUHAHTOM B 30HE
OTKPBITOI BOJBI I HE BCTpeyasiach B 3apOCJIIX MaKpO-
¢duros (Tabsmma 2).

C mpoaByXeHHEM OT 3apocjiell MaHHHKa C
BOJIOKPAcOM K 30HE OTKPBITON BOJbl MPOHCXOUJIO
yBeJINUeHWe [OJIM KOJIOBPATOK UM CHIDKEHUEe [0Ju
KJIafioliep B oO0lI[ell YMCJIeHHOCTU U 61oMacce 300IL1aH-
KTOHA U CHMXEHMeE JI0JIM KoIlenoJ B oOieil 6romacce
300IJIaHKTOHA.

Ob0masa YMCJIeHHOCTh U OnomMacca 300ILJIaH-
KTOHA CTAaTHUCTUYECKH 3HAYMMO pPa3/IMvajlch BO BCEX
TpeX 30HaX M ObLIM BHIIIE B 3apOCJIAX POTOJIMCTHHKA
(Puc. 56, 5B). O6mias 4MCJIEHHOCTh KOJIOBPATOK ObLIa
BHIIIIE B 3apocJIAx poroymcTHuka (Puc. 5r), a kiajgouep
1 Koremno/ Oblla HUXe B 30He OTKPBITOI BOBI U HE pas-
Juyajiack Mexay 3apociamu (Puc. 51, 5e).
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Puc.4. luarpaMMsl pa3maxa 3Ha4eHUH CTPYKTYPHBIX [ToKa3aTeslel cOO0IecTB 300IJIAaHKTOHA B HCCJIeJOBAHHBIX OUOTOMAax
o3ep Yapckoe (a—e) u I'osioBkoBckoe (k-M). OmumcaHue 6UOTONOB, Kak HA puc. 1. [l 0603HaYeHNA 3HAYMMBIX PA3JINYUi OBLIH

Jo6aBJjieHbl KOMIIaKTHbIe OyKBeHHble 0003HaueHMA.

B o3epe Xasnp30Bckoe He HAbJIIOAAIOCH [IPSMOTO
yBeJIMYeHUsA WM CHIDKeHWsA OOWJINsA [IOMUHAHTOB U
cyOIOMMHAHTOB u3-3a 0oJjiee CJIOXKHOM CTPYKTYpPHI
MakpoUTHEIX 3apociiell. Tak, 10A OCHOBHOI'O JOMHU-
HaHTa B 3apOCJIAX MaHHUKA C CaJIbBUHMEN HayIIhasb-
HBIX CTaAUI BECJIOHOIMX pakooOpasHBIX CHIXXajach B
3apoCyIAX CTPEJIOJIMCTA U 3JI0ZEN U Bo3pacTajla B 30He
OTKpBITON BOAbl. Jdosim kosyoBpatku L. bulla (Gosse,
1886) 1 KOMENOAUTHBIX CTaIUI CHIKAINCh B 3apOCIIAX
CTPeJIOJIMCTA, 3aTeM BO3PACTaIM B 3apOCJIAX 3JI0[jeU U
OIIATH CHIPXAJIMCh B 30HE OTKPHITON BOJBL. HampoTus,
Josu kosioBpatku L. luna wu Ceriodaphnia reticulata
(Jurine, 1820) yBesMuUMBaJIUCh B 3apOCJISAX CTPEJIOJIN-
CTa, a 3aTeM CHIDKaJINCh K 30HE OTKPHITOI BOAHL. J[0Iu
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nByx apyrux BugoB C. quadrangula (O.F. Miiller, 1785)
u C. pulchella Sars, 1862 Bo3pacTaii K 3apOCjsAM 3J10-
Jler ¢ JaJIbHeHIINM CHIDKeHNEM B 30He OTKPHITO!N BOJIBI
(Tabsmuma 2).

Jos xosioBpaTOK B 0011[ell 4rcjieHHOCTU 1 O1o-
Macce 300IUIAHKTOHA CHIXalach OT 3apocjiell MaH-
HUKa C CaJIbBUHUEl K 3apOCJIsAM 3JI0/IeU ¢ NaJIbHEeNIIIM
BO3pacTaHUeM B 30HEe OTKPHITOM Bomwl. Kiamoreps!
JIEMOHCTPUPOBAJIN 0OpaTHYIO0 TEHAEHIINIO, BO3pacTas B
3apOCJIfAX CTPEJIOJINCTA M CHUXAsCh K 30HE OTKPBITOM
BoAbl. JloyiA Komemoj B oOIel 4YucJIEHHOCTU U OHo-
Macce 300ILIAHKTOHA ObLJIa MUHUMAJIBHOM B 3apOCIAX
CTPEeJIOJINCTA, a 3aTeM Bo3pacTajia K 30He OTKPBITOH
BOJIBI.
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Ta6suna 2. [TokasaTesy BUIOBON CTPYKTYPHI U KOJINYECTBEHHOTO Pa3BUTHUA cO00I[eCTB 300IJIAHKTOHA 03ep MautbleBckoe

1 XaJIb30BCKOE.

O3zepo MasslmeBckoe
Iloxa3aTesp MaHHUK + PorosmictHuk OTKphITast
Bonokxpac BOJa
BupgoBoe 6oratcTBo 63 59 62
YucsieHHOCTh, % Rotifera:Cladocera:Copepoda 21:45:34 39:44:17 77:3:20
Buomacca, % Rotifera:Cladocera:Copepoda 6:52:42 16:52:32 81:7:12
WHpexc nomuHuposaHus, %:
Alonella exigua 30.0 7.76 0.04
Copepodit Cyclopoida 17.14 11.74 1.45
Nauplii Copepoda 14.80 4.32 18.09
Plationus patulus 8.47 11.94 0.10
Coronatella rectangula 7.72 4.99 0.01
Chydorus sphaericus 4.55 24.77 2.03
Lecane luna 1.14 17.21 0.43
Synchaeta pectinata 0.0 0.0 20.23
Lake Khalzovskoe
IToxa3aresb MaHHUK + Crpesnosiict| 3Jiopes | OTKpsITas
CaJtbBUHHA BOJa
BupgoBoe GoratcTBo 83 62 71 38
YucieHHOCTb, % Rotifera:Cladocera:Copepoda 35:20:45 35:55:10 29:48:23 56:9:35
Buomacca, % Rotifera:Cladocera:Copepoda 7:58:35 2:93:5 2:92:6 33:55:12
WHpexc goMmuHupoBaHus, %:
Nauplii Copepoda 29.85 10.81 11.21 34.69
Lecane bulla 15.85 2.82 10.22 2.73
Copepodit Cyclopoida 14.2 4.25 14.39 0.57
Lecane luna 8.28 25.17 15.54 11.6
Ceriodaphnia quadrangula 2.17 2.59 8.45 1.02
Ceriodaphnia reticulata 1.26 15.81 5.06 0
Ceriodaphnia pulchella 0.12 4.02 9.23 0.34
Keratella cochlearis 0.01 0.05 0.01 25.4

OO61ee BUIOBOE 60raTcTBO COOOIIECTB 300IJIaH-
KTOHA CTaTUCTUYECKH 3HAYMMO Pa3jMyajioch BO BCEX
YeThIpeX 30Hax M ObLJI0O MAaKCMMAaJIBHO B 3aPOCJIAX MaH-
HUKA C caJIbBUHUEH, a MHHUMAJIbHO B 30HE OTKPBITOMU
Boasl (Puc. 5x). OOmue 4YHcCJIeHHOCTh M OHoMacca
COOOIIECTB 300IJIAHKTOHA OBIJIM MUHUMAJIBHBI B 30HE
oTKpbITOM BoAbl (Puc. 53, 5u). Obmasa 4ucIeHHOCTb
KOJIOBPATOK M KOTeno/ O6bUIM 3HAYMMO BHIIIE B 3apOC-
JIIX MAHHUKa C CaJIbBUHUEA U 3apociiAX 3JIoHed TIOo
CpPaBHEHMIO C 3apOCJIAAMH CTPEJIOJIMICTA U 30HOU OTKPHI-
Toii Boabl (Puc. 5k, 5m). HauboJbIas 4YucJIEHHOCTD
KJIa[lollep oTMeYasiach B 3apocJiax ajomaen (Puc. 5m).

Ha mocTpoeHHON MO pe3yJibTaTaM aHaJM3a
u3opiTouHocTu (RDA) opiHALMOHHOM AeHaporpaMMe
151 o3ep Yapckoe u '0JI0BKOBCKOe BUAHO GOPMHUPOBa-
HU€ IIeCTU TPy Npol, MPUYyPOUYEHHBIX K ONpeIesIeH-
HOU 30He 3apocJieii Uil 30He OTKpHITOM Bofwl (Puc. 6).
Cpenn $akTOpOB, OKA3BIBAIOI[UX CTATUCTAYECKU 3HA-
YyyuMOe BJIMAHME Ha BUAOBYIO CTPYKTYPY, BBIIEJIAIUCH
tun 6uortona (61.05%), TemmnepaTtypa Boasl (17.82%),

pH (16.05%), snexkrponpooaHocTh (15.28%), mpo-
3payHOCTh BoAbl (13.65%), IPOEKTHMBHOE NOKPHITHE
makpodutoB (12.68%). 3HauMMBIMM OKa3ajuCh Iep-
Bhle IIATh ocell (p-3HaueHue =0.001).

AHaJIoTUYHbIe pe3yJIbTaThl IOJyYUJINCh [IpY aHa-
Jin3e cooOIlecTB 300IIAHKTOHA 03ep MaJiblleBcKoe U
Xanb3oBckoe. Ha opAuMHaLMOHHON auarpamMMe BUAHO
dopmMupoBaHue ceMu Ipynn Ipo0, NPpUYypPOYEHHBIX K
ompeJieJIEHHOU 30He 3apocjiell WU 30He OTKPBITON
Boanl (Puc. 7). Cpenu (pakTOpoB, OKa3bIBAIOLIUX CTa-
THCTUYECKU 3HayuMoe BJIMAHME Ha BUOOBYIO CTPYK-
TYpY, BblAeJsUIMCh TUll 6uortomna (63.14%), NpoeKTus-
HOe MOKpeITHe MakpoduToB (23.85%), mpo3pavyHOCTh
Boabl (16.68%), anexrponpoBogHOocTh (14.99%), pH
(10.59%), xoHLeHTpauus pacTBOPEHHOro KUCJIOpoAda
(6.63%), xoHneHTpanusa xjopobusia a (4.87%), Tem-
nepatypa BoAnl (3.22%). 3HauMMBIMU OKa3aJIUCh Nep-
BhIe IIecThb ocell (p-3HaueHue = 0.001).
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Puc.5. [luarpaMMsl pa3maxa 3HaueHUH CTPYKTYPHBIX [oKa3aTesiel cOOOIecTB 300IJIAaHKTOHA B MCCJIeJOBAHHBIX OHOTOMAax

o3ep MassimeBckoe (a—e) u Xanp3oBckoe (k—-M). OnucaHue 6MOTONOB, Kak Ha puc. 1. [yia 0603HaYeHNA 3HAYNMBIX Pa3IAYnil

ObyIN AoGaBjIeHbl KOMIAKTHEIE OyKBeHHble 0003HAUYeHUA.
4. 06cyxpeHue

KoHuenuuio MNpoCTpaHCTBEHHOr0 pa3MelleHuA
coo0IiecTB BAOJIb IPaJUeHTOB HM3MeHeHUs (PaKTopoB
cpeanl (IEHOKJIMHOB) aKTHMBHO pa3BUBAJI B IIPOLILJIOM
Beke P. Yurrekep (1980). CornacHo ero noaxoay 3Ko-
KJIMH IpejcTaBjisAeT cOOOM COBOKYNHOCTh I[€HOKJIMHA
1 KOMIUIEKCHOTO TIpaaueHTa (rpagueHTa (akTopoB
cpennl). B 3apociyiax Makpo@UTOB JIMTOPAIbHON 30HBI
U3yYeHHBIX 03ep (OPMHUPOBAJICA TpPagueHT OCHOB-
HBIX NapaMeTpoB BOAHOM cpelbl (TeMmepaTyphl, pH,
IIPO3PAaYHOCTH, 3JIEKTPONPOBOAHOCTH, COAEpPXKaHUA
KHCJI0poJia, xjaopodusia a). B pasHOTUIHBEIX IO MOp-
doJiornyeckoMy CTPOEHHIO 3apOCiIAX MakpopUTOB U
Ha Kpaio 3apocjell pacroJiarajauch coobliecTBa 300-
IUIAaHKTOHA C pasjunyaloieiicss BUJOBOU CTPYKTYpPOM.
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DTO cBUAETEJIbCTBYeT 0 GOpMHUPOBaHUM IeHOKJIMHA. C
MIpOABIXEHNEM OT 3apocJieli reJIoUTOB U CMeIaHHBIX
3apocJieli, pacIoJIoXKeHHbIX y Oepera, K 30He OTKPBITON
BOJABI B 300IIAHKTOLIEHO3aX NMPOMCXOAWJIa IOCTeleH-
Hasg CcMeHa JOMMHAHTOB U CyOJOMHMHAHTOB, CHIIKe-
HHe J0JIM BETBUCTOYCHIX paKOOOpPa3HbIX U yBeJIMueHNe
JIoJId  KOJIOBpaToK. TakuM o00pa3oM, OTCYTCTBOBAJIU
pe3kue IepexoAdbl, XapakTepHble AJA 3KOTOHOB. Bce
3TO MO3BOJIAET OXapaKTepu3oBaTh HalbJyroJaeMoe pac-
npefesieHre COOOIIeCTB 300IUIaHKTOHA U (PaKTopoB
cpefbl KaK SKOKJIMH.

[TpoBenenHbiii RDA-aHanu3 mokasas, 4TO Hawu-
OoJiblllee BJIMAHME Ha BUAOBYIO CTPYKTYpYy COOOIIECTB
300IJTAHKTOHA OKa3blBaJI TUII OMOTONA — HaJIMuMe pac-
TeHHUIl pa3Hol MOp(dOJIOrnueckol CTPYKTYphl WM UX
oTcyTcTBUe. BumoBoii coctaB MakpodUTOB U CTPYK-
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MpospaqHocTs
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Puc.6. OpauHanmoHHas AuarpaMmma Ijisg nmpo6 300IJIaHKTOHA o3ep Yapckoe u T'ostoBkoBckoe. 1-15 — HOMepa CTaHIUN
(KpacHBIi I[BET — GUOTOI CUTHSTA 60JIOTHOTO, 3€JIEHBIN I[BET — GHOTOI KYyOBIIIKY XEJITOM, ToJTy60i1 — GUOTOIT XBOIIa IPUPEYHOTO,
PO30BHII — OMOTON KYBIIMHKY YHCTO-0€JI0H, CUHUH U XEJIThIA — OTKPHITasA BOJA).

Typa pacTUTEJIFHOTO MOKPOBA BHICTYIAET B KauecTBe
BaXHOro (Qakropa, OnpefeJAIlero TpopuuecKu-Hu-
meBkle B3auMogelicTeus (Jeong et al., 2014; Kurbatova
and Yershov, 2018). OmnpenesieHHbie BUJbI 300ILJIaH-
KTOHA UMEIOT NPeANOYTeHNs K cpeie obuTanus, chop-
MHPOBaHHON MakpoduTraM pasHoro mopdosoruye-
ckoro crpoenus (Walsh, 1995; Kuczynska-Kippen and
Nagengast, 2003). VBenuueHue obunusa GpUTOPUIbL-
HBIX Kiafgonep S. crystallina B 3apociiax KyBHIMHKU U
P. truncatus B 3apocyiAX KyOBIIKA OOBACHAETCA UX
MpEeANOYTeHUS MY K PacTEeHUsAM C IUIABAIOIINMH Ha
noBepxHOCTH JuCThsiMU (KopoBuMHCKUM 1 Ap., 2021a).
IpenmoyTeHysi MOTPYXeHHBIM MakKpodUTaMm OTHAT
koJsioBpatku L. bulla m L. luna. B o03. Xayib30Bckoe
Habmogasach IpPOCTpaHCTBeHHasa AuddepeHuanua

3TUX BYX BU0oB. Haubosbiiero oounus L. luna qoctu-
rajia npu 6oJiee Hu3KkoM obwmu L. bulla. Oto 06bsc-
HseTcs TeM, 4To L. bulla Gosiee CUJIBHBIF KOHKYPEHT
u cnocoben BoTecHATh L. luna (Kuczynska-Kippen,
2007). Takas e KOHKypeHIUs HabJrogasiach cpenu
BunoB Ceriodaphnia. C. reticulata kak 6ojiee MOIIHBIH
dunpTpaTtop crnocobeH MomasiATh Oosiee Mesnkux C.
pulchella n C. quadrangula, mo3TOMy AOMUHHPOBAJ B
3apoCJIsX CTPEsIoJICTa. B cocefHUX 3apociiax ayioAen
ero obwiare CHU3MJIOCH, YTO MO3BOJIMJIO YBEJIMYUTHCS
obuuio C. pulchella v C. quadrangula. Takum o6pazom,
Pa3HOTUIIHEIE B MOP()OJIOTUYECKOM CTPOEHUU 3aPOCiIU
MakpoduToB GopMUpyOT O0Jiee HAIPAKEHHBIE KOHKY-
pPEHTHBbIE B3aVMOOTHOIIIEHUSI.

CKoppeKTUpoBaHHbIi R? nonHoit Mogenu = 74 58%
p-3HayeHue = 0.001
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Puc.7. OpauHanyoHHas JuarpamMma A1 npo6 3001utaHKToHa o3ep MasteieBckoe 1 Xanb3oBckoe. 1-20 — HOMepa CTaHIUI

(kpacHBIIl BT — OGUOTOII MaHHUKA C BOJIOKPAcoOM, 3eJIeHBII LIBET — GMOTOI POTOJINCTHUKA MOTPYyXXeHHOro, roy6oii — 6uoTon
MaHHMKa C CaJIbBUHUEH, PO30BBIIl — GOTOI CTPEJIOJIUCTA, XKeITHIN — GLOTOII 3JI0Aer, CUHUN U CEPHIN — OTKPHITAs BOAA).
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Jiia OoJsibIIMHCTBA O3ep OTMEUYeHO CHIKeHHe
BUAOBOro 60oraTcTBa Ha Kpaio 3apocjieil B 30He OTKpHI-
TO! BoAbl. MakcUMasibHO YMCJIO BHAOB HabJI01aj10Ch
B CMeIIAHHBIX 3apOCJIAX MaHHUKA C CaJbBHUHUEH B 03.
Xanb3oBckoe. Takkxe B 3TOM 03epe IIPOUCXOAUIIO CHU-
JKeHUe 4Kcja BUJOB B MeHee IUIOTHBIX 3apocyifAX CTpe-
JIOJIUCTA U yBeJIM4YeHNe B IJIOTHBIX 3apOCJIAX DJIOJEU.
Bcé ato moaTBepxpaeT ToT dakT, 4yTo OoJiee rerepo-
reHHble 3apocjii Makpo@UTOB IO3BOJIAIT (GOPMHUPO-
BaTbCA BBICOKOMY BHJOBOMY O0raTCTBYy COOOIIECTB
3o0ms1aHKTOHA (Basu et al., 2000; BakaHoB u Jip., 2001;
Kuczynska-Kippen, 2006; Basinska and Kuczynska-
Kippen, 2009; Kurbatova et al., 2017).

Jl714 Bcex o3ep OTMeueHHl camble HU3KHe 3Haye-
HUA oOmieli 6oMaccsl 300IIJIAHKTOHA B 30HE OTKPHITOM
BoAbl. OTHAKO MBI He 3aperucTpHpoBajl OJHOHAMpaB-
JIeHHOe CHIDKeHHe 6uomaccel oT Oepera K Kparo 3apoc-
Jel, Kak 3To HabJoganock B psje o3ep (bakaHos u ap.,
2001; YepeBuuko, 2007). HampoTuB, oTMeuyeHO BO3-
pacraHue ob1eli 6roMacchl 300IIJIAHKTOHA B 3apOCJIAX
MIOTPy>Xe€HHBIX MakpouTOB (POTrOJIMCTHUK U 3JI0fesd),
rpaHHYalliX C 3apOoCIAMU reJJOPUTOB U 30HON OTKPHI-
TOM1 BoJibl. [lorpyxxeHHble MakpopUTHI ¢ H6oJibIIel G1Oo-
Maccoil B HauboJiblllell cTelneHU yBeJIN4YUBaOT Qusu-
YecKyl0 CJIOXXHOCTb BOOHOHI cpefbl M co3faioT OoJjiee
Gy1aronpuATHBIE YCJIOBUA AJA BOAHBIX XUBOTHBIX, YeM
pactenus c 6oJiee IpocTeIM cTpoeHreM (Manatunge et
al., 2000; Kuczynska-Kippen, 2006; Choi et al., 2014;
Celewicz-Goldyn and Kuczynska-Kippen, 2017).

Bo Bcex o3epax oTMe4YeHO CHIDKeHUe J0JI Kja-
Joliep U yBeJn4yeHUe 0JIM KOJIOBPATOK B oO0Ilell uuc-
JIEHHOCTU U OroMacce 300ILIaHKTOHA Ha Kpalo 3apoc-
et makpoduroB. OcobeHHO pe3koe MajeHue OOUIINsA
KJIajonep HaOJIIOAaJoCch Ha IpaHuUlle NOrPYXXeHHBIX
MakpoduToB (POroJMCTHUKA U 3JI0Ae!) B 30He OTKpHI-
TOM BOJbL. OTO 3 PeKT MOXeT 0ObACHATHCA BbleJaHEeM

IUIAHKTOHOSIMHBIMU peibamu (Jeppesen et al.,
1997; Gliwicz, 2003). IlorpyXeHHbie MaKpPODUTHI
BBHINOJIHAIOT pojib pedyruyma ot xumHudectsa (Moss
et al., 1998; Kuczynska-Kippen and Nagengast, 2006;
CemeHnueHko u Pasmynkuii, 2009; Karpowicz et al.,
2016), mo3BoJiAA KJagolepaM KOHIEHTPHPOBATHCA
B Hux. CHI>XeHUe [oJIM KJIajoliep Ha Kpaw 3apociei
BBICBOOOXKJaeT OT KOHKYPEHLINU KOJIOBPATOK U II03BO-
JifeT UM HapalyiBaTh CBOI0 YHCJIEHHOCTD.

5. 3akniouenue

VcTaHOBJIEHO, YTO B PAa3HOTUITHBIX MaKpOUT-
HBIX [OCaX JIMTOPAJbHOM 30HBI MAaJIbIX O3€p Pa3BU-
BAIOTCA Pa3JINYAOIIUECs MO0 BHUIOBOI CTPYKTYpE 300-
MJIAaHKTOLIEHO3HI. biiarogaps pa3HOTUIIHOMY CTPOEHUIO
MakpobuTs JuTOpasu (GOPMHUPYIOT HampaBJeHHOE
HU3MeHEeHHEe CTPYKTYPH co00IIecTB U GaKTOPOB Cpejibl
B IPOCTPAHCTBE, YTO IO3BOJIAET OXapaKTEPU30BATh
3Ty 30HYy KaK 3KOKJIMH. V3MeHeHue KOJINYeCTBEHHBIX
XapaKTepUCTUK COOOIIECTB 300IUIAHKTOHA (YUCIIO0
BUJIOB, YHCJIEHHOCTb, OHUoOMacca) 3aBUCHUT OT IMPOU3-
pacTaHus MakpohUTOB Pa3HBIX IKOJIOTUIECKUX TPYIIL
Haubosbllee BIMSAHME HAa 300IJIAHKTOH OKAa3bIBAIOT
CMellIaHHbBIEe U MOrpyXeHHbIE 3apOC/Iv MaKpOGhUTOB.

679

BbaaropapHocTH
HUccienoBanue HOJIIepPXXaHo I'PAHTOM
Poccuiickoro Hayunoro ®onpma Ne 24-74-00016,

https://rscf.ru/project/24-74-00016/.

KoHpAUKT UHTEpecoB

ABTOpDHBI 3asBJAIOT 00 OTCYTCTBUU KOHQJIMKTA
HMHTEPECOoB.

CnucoK AuTepartypbl

BakanoB A.U., CronbynoBa B.H., {oBGHa WU.B. u np.
2001. )XuBoTHOe HacejieHUe 3apociiedl o3epa Hepo: dayna
pacTUTEJIbHBIX accolidanuil. buosiorus BHyTpeHHUX Bop 2:
43-52.

bakka C.B., Kucenera H.IO. 2009. Oco6o oxpaHs-
eMble IpUPOAHBIe Tepputopun Huxeroponckoii ob6sa-

ctiu. AHHOTUPOBaHHBIN mepeveHb. Hwxuuit Hosropon:
MuHUCTEPCTBO TNPUPOIHBIX pecypcoB  Huxeropomackoi
obsacTu.

Epmoxun M.B. 2007. IIpo6yieMsl 1 IepCHeKTUBH KCCJIe-
JIOBaHUA KpaeBBIX CTPYKTYp OMOII€EHO30B peK U BOJOEMOB
peyHbIX AoJIMH. B: AKTyasibHbIe BOIIPOCHI M3y4YeHUsA MUKpO-,
Merio3000eHTOCa U (payHBI 3apociieil TpeCHOBOAHBIX BOJOe-
MoB, C. 101-129.

3umbanesckas JI.H., [Lnurun 10.B., Xopomux JL.A. u 1p.
1987. CTpykTypa U CyKleCCUH JIMTOPAJIbHBEIX OHUOLIEHO30B
JIHerpoBckux Bopoxpanuiauil. Kues: Haykosa nymka.

Koposuunckuii H.M., KotoB A.A., BoiikoBa O.C. u ap.
2021. BetBucrtoyceie pakoobpasnsie (Crustacea: Cladocera)
CeBepuori EBpasum. T. I. MockBa: ToBapuiiecTBO HayYHBIX
nzganuin KMK.

KopoBuunckuii H.M., KotoB A.A., Cuués A.}0. u np.
2021. BetrBucrtoyceie pakoobpasnsie (Crustacea: Cladocera)
CeBepHoti EBpasuu. T. II. MockBa: ToBapuIecTBO HayYHBIX
nzganuin KMK.

JlutopanpHaa 30Ha Jlagoxckoro o3epa. 2011. B:
Kypamoga E.A. (pen.). Caukr-Iletep6ypr: Hectop-Ucropust.

MeTtoabpl ruApoOHOJIOTYECKUX UCCIeNOBAaHUN BHYTpPEH-
Hux Boa. 2024. B: KpsutoBa A.B. (pen.). bopok, fIpociaBckas
0061.: UBBB PAH; fApocaasib: ®@uiurpasb.

OmnpefnenuTesib 300IUIAHKTOHA U 3000eHTOCa Ipec-
HeIx Boa EBpomerickoit Poccum. T. 1. 3oomsankroH. 2010.
B: Anekceesa B.P., Lanomuxuua C.A. (pen.). Mocksa:
ToBapumecTBo HayuHbIx n3ganun KMK.

IMamyenko B.I'. 2001. PacTuUTespHBIN MOKPOB BOLOE-
MOB U BoaoTokoB Cpennero IloBosrkbsa. fApociasib: 1IMIT
MYBuHT.

Pamenckuii JI.T. 1924. OcHOBHbIE 3aKOHOMEPHOCTH pac-
TUTEJIBHOTO NOKpPOBa M MeTOoAbl MX HU3yuyeHu:A. B: BecTHuK
oneITHOro Jeynia CpenHe-UepHo3éMHOI obiyactu. fHBapb-
despasnb. Boponex: O6. pen. usg. komurera HK3, C. 37-73.

Cemenuenko B.IL., Pazmyuxuii B.M. 2009. ®axTopsl,
onpejiesiAlIe CyTOYHOE paclpefieleHne U IlepeMelleHus
300IUIaHKTOHA B JIMTOPAJIbHON 30HE INPECHOBOJHBIX O3Ep.
XKypuan Cubupckoro denepaispHoro yu-ra. Cepus buosorus
2:191-225.

Cemenuenko B.IL., Pasnmyukuii B.1., ByceBa X.®. et al.
2013. 300IJIAHKTOH JINTOPAJIbHON 30HBI 03Ep Pa3HOIo THUIIA.
MuHck: benapyckas HaByka.

Yurtekep P. 1980. CoobmmectBa u 3kocructemsl. MockBa:
IIporpecc.

YepeBuuko A.B. 2007. 300m1aHKTOH 3apocjell BBICIIEH
BOJHOU pactutesibHOCcTU o3epa [losmcro. B: AxTyasbHbIe
BOIIPOCHl UM3Yy4YeHUs MHUKpPO-, MeHo- 3000eHTOca U (ayHBI
3apocJieli IpecHOBOLHAIX BogoemoB, C. 297-300.


https://rscf.ru/project/24-74-00016/

laspurnko [.E. u dp. / Limnology and Freshwater Biology 2025 (4): 659-680

Cneu. sbinyck: «VIII-s5 MexdyHapooHasi
BepewazuHckas balikanbckasi KoHgbepeHyusi»

MIutukos B.K., Pozen6epr I'.C., 3unHuenko T.J. 2003.
KonnuectBeHHaA ruaposkoJiorus. Toasartu: UOBb PAH.

Attrill M.J., Rundle S.D. 2002. Ecotone or Ecocline:
Ecological Boundaries in Estuaries. Estuarine, Coastal and
Shelf Science 55: 929-936. DOIL: 10.1006/ecss.2002.1036

Barletta M., Amaral C.S., Correa M.F.M. et al. 2008.
Factors affecting seasonal variation in demersal fish
assemblages at an ecocline in a tropical-subtropical
estuary. Journal of Fish Biology 73: 1314-1336. DOL:
10.1111/j.1095-8649.2008.02005.x

Basinska A., Kuczynska-Kippen N. 2009. Differentiated
macrophyte types as a habitat for rotifers in small mid-forest
water bodies. Biologia 64(6): 1100-1107. DOI: 10.2478/
s11756-009-0178-4

Basu B.K., Kalff J., Pinel-Alloul B. 2000. The influence of
macrophyte beds on plankton communities and their export
from fluvial lakes in the St Lawrence River. Freshwater Biology
45(4): 373-382. DOI: 10.1046/j.1365-2427.2000.00635.x

Bolduc P., Bertolo A., Pinel-Alloul B. 2016. Does
submerged aquatic vegetation shape zooplankton community
structure and functional diversity? A test with a shallow
fluvial lake system. Hydrobiologia 778: 151-165. DOI:
10.1007/510750-016-2663-4

Borcard D., Gillet F., Legendre P. 2011. Numerical
Ecology with R. Springer: New York, NY, USA.

Celewicz-Goldyn S., Kuczynska-Kippen N. 2017.
Ecological value of macrophyte cover in creating habitat
for microalgae (diatoms) and zooplankton (rotifers and
crustaceans) in small field and forest water bodies. PLOS ONE
12(5): e0177317. DOI: 10.1371/journal.pone.0177317

Choi J.-Y., Jeong Kw.-S., Kim S.-K. et al. 2014. Role of
macrophytes as microhabitats for zooplankton community
in lentic freshwater ecosystems of South Korea. Ecological
Informatics 24: 177-185. DOI: 10.1016/j.ecoinf.2014.09.002

Choi J.-Y., Jeong Kw.-S., La G.-H. et al. 2015. The
influence of aquatic macrophytes on the distribution and
feeding habits of two Asplanchna species (A. priodonta and
A. herrickii) in shallow wetlands in South Korea. Journal of
Limnology 74 (1): 1-11. DOIL: 10.4081/jlimnol.2014.896

Clements F.E. 1916. Plant succession. An analysis of
the development of vegetation. Plant ecology. Washington:
Carnegie Institution of Washington.

Gleason H.A. 1926. The individualistic concept of the
plant association. Bulletin of the Torrey Botanical Club 53(1):
7-26.

Gliwicz Z.M. 2003. Between Hazards of Starvation
and Risk of Predation: The Ecology of Offshore Animals.
Excellence in Ecology 12: International Ecology Institute.

Jeong Kw.-S., Choi J.-Y., Jeong Kw.-S. 2014. Influence
of aquatic macrophytes on the interactions among aquatic
organisms in shallow wetlands (Upo Wetland, South Korea).
Journal of Ecology and Environment 37(4): 185-194. DOL:
10.5141/ecoenv.2014.022

Jeppesen E., Jensen J.P., Sondergaard M. et al. 1997. Top-
down control in freshwater lakes: the role of nutrient status,
submerged macrophytes and water depth. Hydrobiologia
342/343: 151-164. DOI: 10.1023/A:1017046130329

Karpowicz M., Ejsmont-Karabin J., Strzalek M. 2016.
Biodiversity of zooplankton (Rotifera and Crustacea) in water
soldier (Stratiotes aloides) habitats. Biologia 71/5: 563-573.
DOLI: 10.1515/biolog-2016-0068

Kuczynska-Kippen N. 2003. The distribution of rotifers
(Rotifera) within a single Myriophyllum bed. Hydrobiology 506-
509: 327-331. DOI: 10.1023/B:HYDR.0000008543.58859.f7

Kuczynska-Kippen N. 2006. Zooplankton structure in
architecturally differentiated macrophyte habitats of shallow
lakes in the Wielkopolska Region, Poland. International
Journal of Oceanography and Hydrobiology 35(2): 179-191.

680

Kuczynska-Kippen N. 2007. Interactions of con-generic
Lecane species (Rotifera) within different macrophyte patches
in a shallow lake. Polish Journal of Ecology 55(1): 91-100.

Kuczynska-Kippen N., Nagengast B. 2003. The impact
of the architecture of macrophytes on the spatial structure
of zooplankton of the Wielkowiejskie lake. Rocz. AR Pozn.
CCCLIV 6: 121-129.

Kuczynska-Kippen N., Nagengast B. 2006. The
influence of the spatial structure of hydromacrophytes
and differentiating habitat on the structure of rotifer and
cladoceran communities. Hydrobiologia 559: 203-212. DOIL:
10.1007/510750-005-0867-0

Kurbatova S.A., Lapteva N.A., Bykova S.N. et al. 2019.
Aquatic plants as a factor that changes trophic relations
and the structure of zooplankton and microperiphytone
communities. Biology Bulletin 46(3): 284-293. DOI: 10.1134/
$1062359019030051

Kurbatova S.A., Yershov 1Y. 2018. Zooplankton in
monospecies and mixed phytocenoses of Stratiotes aloides L. and
Sagittaria sagittifolia L. under experimental conditions. Inland
Water Biology 1: 46-55. DOIL: 10.1134/S1995082918010091

Kurbatova S.A., Yershov LY., Borisovskaya E.V. 2017.
Effect of hydrophyte thickets density on zooplankton. Inland
Water Biology 10: 83-91. DOI: 10.1134/51995082917010114

Lauridsen T.L., Jeppesen E., Sgndergaard M. et al. 1998.
Horizontal migration of zooplankton: predatormediated use
of macrophyte habita. The Structuring Role of Submerged
Macrophytes in Lakes. New York: Springer-Verlag, pp.
233-239.

Legendre P., Legendre L. 2012. Numerical ecology.
Oxford: Elsevier.

Lima A.R.A., Ferreira G.V.B., Barletta M. 2019.
Estuarine ecocline function and essential habitats for fish
larvae in tropical South Western Atlantic estuaries. Marine
Environmental Research 151: 104786. DOI: 10.1016/j.
marenvres.2019.104786

Lucena-Moya P., Duggan I.C. 2011. Macrophyte
architecture affects the abundance and diversity of littoral
microfauna. Aquatic Ecology 45: 279-287. DOIL: 10.1007/
§10452-011-9353-0

Makarewicz J.C., Likens G.E. 1975. Niche analysis of
a zooplankton community. Science 190: 1000-1003. DOIL:
10.1126/SCIENCE.190.4218.1000

Manatunge J., Asaeda T., Priyadarshana T. 2000. The
influence of structural complexity on fish-zooplankton
interactions: A study using artificial submerged macrophytes.
Environmental Biology of Fishes 58: 425-438. DOL
10.1023/A:1007691425268

Moss B., Kornijow R., Measey G.J. 1998. The effects
of nymphaeid (Nuphar Ilutea) density and predation by
perch (Perca fluviatilis) on the zooplankton communities
in a shallow lake. Freshwater Biology 39: 689-697. DOL
10.1046/j.1365-2427.1998.00322.x

R Core Team. R: A Language and Environment for
Statistical Computing. 2025. URL: http://www.R-project.
org/ (accessed on July 27, 2025).

Scheffer M. 2004. Ecology of Shallow Lakes. New York:
Springer Science & Business Media.

Stolbunova V.N. 2011. Zooplankton of macrophyte
overgrowths in the mouth of the Rybinsk reservoir
tributary. Inland Water Biology 4: 165-172. DOI: 10.1134/
$1995082911020192

van der Maarel E. 1990. Ecotones and ecoclines are
different. Journal of Vegetation Science 1: 135-138. DOL
10.2307/3236065

Walsh E.J. 1995. Habitat-specific predation susceptibilities
of alittoral rotifer to two invertebrate predators. Hydrobiologia
313: 205-211. DOI: 10.1007/978-94-009-1583-1 28



https://www.doi.org/10.1006/ecss.2002.1036
https://www.doi.org/10.1111/j.1095-8649.2008.02005.x
https://www.doi.org/10.2478/s11756-009-0178-4
https://www.doi.org/10.2478/s11756-009-0178-4
https://www.doi.org/10.1046/j.1365-2427.2000.00635.x
https://www.doi.org/10.1007/s10750-016-2663-4
https://www.doi.org/10.1371/journal.pone.0177317
https://www.doi.org/10.1016/j.ecoinf.2014.09.002
https://www.doi.org/10.4081/jlimnol.2014.896
https://www.doi.org/10.5141/ecoenv.2014.022
https://www.doi.org/10.1023/A:1017046130329
https://www.doi.org/10.1515/biolog-2016-0068
https://www.doi.org/10.1023/B:HYDR.0000008543.58859.f7
https://www.doi.org/10.1007/s10750-005-0867-0
https://www.doi.org/10.1134/S1062359019030051
https://www.doi.org/10.1134/S1062359019030051
https://www.doi.org/10.1134/S1995082918010091
https://www.doi.org/10.1134/S1995082917010114
https://www.doi.org/10.1016/j.marenvres.2019.104786
https://www.doi.org/10.1016/j.marenvres.2019.104786
https://www.doi.org/10.1007/s10452-011-9353-0
https://www.doi.org/10.1007/s10452-011-9353-0
https://www.doi.org/10.1126/SCIENCE.190.4218.1000
https://www.doi.org/10.1023/A:1007691425268
https://www.doi.org/10.1046/j.1365-2427.1998.00322.x
http://www.R-project.org/
http://www.R-project.org/
https://www.doi.org/10.1134/S1995082911020192
https://www.doi.org/10.1134/S1995082911020192
https://www.doi.org/10.2307/3236065
https://www.doi.org/10.1007/978-94-009-1583-1_28

	Spatial distribution of zooplankton communities in the littoral zone in small lakes of Nizhny Novgorod Region (European Russia
	1. Introduction

	2. Material and methods

	3. Results

	4. Discussion

	5. Conclusions

	Acknowledgements

	Conflict of interest

	References


	Пространственное распределение сообществ зоопланктона в литоральной зоне малых озер Нижегородской области (Европейская Россия
	1. Введение

	2. Материал и методы

	3. Результаты

	4. Обсуждение

	5. Заключение

	Благодарности

	Конфликт интересов

	Список литературы



