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There are many lakes in the Sakha (Yakutia)
Republic. They are most numerous in the Vilyuiskaya,
Yano�Indigirskaya, and Kolyma�Indigirskaya Low�
lands, where from 10 to 60% of the territories are
occupied by lakes [1]. The numerous lake ecosystems
of Yakutia are poorly studied and developed, because
they are located in remote and hard�to�reach sites.
The majority of water bodies in the cryolithic zone of
Yakutia are small and shallow lakes of thermokarst and
floodplain origin, which are characterized by specific
thermal and chemical regimes, making them
extremely sensitive to climatic changes [2, 3].

The environmental conditions are extreme for the
hydrobionts that inhabit these unique freshwater eco�
systems: a short vegetation period (the water bodies are
ice covered for most of the year); low temperatures; a
high level of ultraviolet radiation; and often traces of
biogenic elements [4, 5]. Low annual temperatures
slow the destruction of soil organic matter. As a result,
only insignificant amounts of biogenic elements are
obtained from the catchment basins. Thus, the lakes
are often characterized as oligotrophic [6]. The low
productivity rate of water bodies and their simplified
species structure favor the formation of short food
chains that are dominated by one or several hydro�
biont species [7].

The majority of organisms that inhabit high lati�
tudes are adapted (highly specialized) to certain
extreme environmental conditions. In addition, Arc�
tic ecosystems, which are characterized by restricted
habitats, are the first ones to be influenced by global
climate change. According to the evaluations of the
Intergovernmental Panel on Climate Change (IPCC),

the temperature of the Earth’s surface has increased by
approximately (0.6 ± 0.2)°C during the 20th century
and the upcoming growth is expected to be 1.4–5.8°C
by the year 2100. Climate changes will cause not only
temperature growth in our environment but also vari�
ations in some other climate�dependent parameters,
such as: precipitation; the duration of the ice�cover
period; changes in the level regime; and thawing of the
permafrost, which increases the concentrations of ions
and biogenic elements in freshwater ecosystems [8]. It
is expected that warming will have a significant influ�
ence on the biota of freshwater bodies in the Arctic and
Subarctic regions and give rise to displacement and
narrowing of habitats due to permafrost thawing and
the disappearance of some lakes, as well as because of
bioinvasions from the regions located southward [9].

Therefore, a detailed and sequential ecological and
biological monitoring of the state of the Arctic fresh�
water ecosystems, their structure, and changes, both
general and minor ones, is needed.

Zooplankton is an important structural and func�
tional element of water ecosystems. In particular, it
takes part in the processes of self�purification, and
serves as a nutritive base for fish. Thus, it is used as an
indicator group of animals while monitoring the eco�
logical state of water bodies.

The tasks of this work are the following: to analyze
the structural characteristics of zooplankton that
inhabit the lakes of the middle and lower Anabar River
basin (northwest of Yakutia); to evaluate the ecological
state of these lakes based on the above�mentioned
analysis; and to reveal important environmental fac�
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tors that determine the changes in the structure of
zooplankton communities.

MATERIALS AND METHODS

Complex hydrological, hydrobiological, and pale�
olimnological investigations of 35 lakes were carried
out during the summer period of 2007 as part of the
joint Russian�German expedition to the Sakha (Yaku�
tia) Republic in the Anabar River basin located
between 71°50′–73°39′ north latitude and 110°82′–
115°75′ east longitude (Fig. 1). The Anabar River is
the largest river in the northwest of Yakutia. Its entire
catchment basin is located behind the Arctic Circle.
The river is 939 km in length; the area of the catch�
ment basin is 104461 km2 [10]. The Anabar River
flows from the north of the Central Siberian Plateau,
then runs along the hilly tundra of the North Siberian
Lowland and falls into the Laptev Sea forming the
Anabar Bay. The basin includes more than 22 000 lakes
[11]. Many of them are connected with the river and
each other by means of numerous channels and serve
as the feeding areas of young cisco and carp.

The area under study is characterized by a sharply
continental climate. The precipitation rate is low
(140–350 mm) but exceeds the annual evaporation
due to the dominance of low temperatures [12].

The entire territory of the basin is covered by per�
mafrost. The average annual temperature of the air is
–10…–13°C. In July, the average temperatures are
+10…+12°C. The lowest possible temperature is –65°C
[13]. The frost�free period lasts 43–51 days [10]. Con�
sequently, shallow rivers and lakes are ice�covered and
often stay frozen up to the bottom for 9 months, which
shortens the vegetation period of such invertebrates as
water fleas.

The plants are diverse depending on the site. The
forest–tundra is represented by light forests domi�
nated by Dahurian larch (Larix dahurica Turcz.) and
sprinkled with Siberian Larch (L. sibirica Tharandt.);
the shrub layer is formed by willow (Salix spp.), dwarf
birch (Betula exilis Sukaczev), and dwarf alder (Alnus
fruticosa Rupr.). In the tundra, the dominant species
are the following: dwarf birch; willows (wooly willow
(Salix lanata L.), gray willow (S. glauca L.), and
tealeaf willow (S. pulchra Cham.)); ledum (Ledum
spp.); and cotton�grass (Eriophorum spp.) [14].

In order to avoid mixing between limnic and reo�
philic complexes of zooplankton species, lakes that
have no channels that are connected to running water
systems that are not flooded during the high�water
period were included in the analysis. In addition, the
lakes under study were under minimal anthropogenic
pressure: amateur fishing was observed in only 5 of
35 lakes.

Zooplankton was sampled quantitatively by filter�
ing water (100 L) through a small�meshed Apstein net
(mill gauze no. 77, mesh size 64 μm), then fixed in a
4% formaldehyde solution. The qualitative samples
were taken by total vertical fishing of zooplankton
using the same kind of net. In all, 70 quantitative sam�
ples of zooplankton were processed. Cameral treat�
ment of the samples included the identification of
zooplankton species composition, abundance, and
biomass. The samples were examined under an
Axiostar plus (Carl Zeiss) microscope and identified at
the species level using special indicators [15–22]. The
biomass value was calculated based on exponential
equations that connect the length and the body weight
[23–35].

As the samples of zooplankton were being taken in
order to characterize the living conditions of aquatic
organisms, the major morphometric, hydrological,
and hydrochemical features of the water bodies were
obtained, including: lake height above sea level; type
of plant community in the adjacent territory; area of
the lakes; maximal depth via an echo depth�sounder;
and transparence using a Secchi disk. To measure
water temperature, the content of dissolved oxygen,
pH, and specific electrical conduction, we used a
WTW 340i portable analytic device with multiparam�
eters with the corresponding detectors (temperature
and specific electrical conduction: Tetracon 325; dis�
solved oxygen: CellOx® 325; pH: SenTix 41). In addi�
tion, the water samples were tested in the laboratory of
the Alfred Vegener Institute of Polar and Marine
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Fig. 1. The location of the region under study.
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Research (Potsdam, Germany) for the presence of the
following elements: dissolved organic carbon; chlo�

rides (Cl–), sulphates ( ), silicates (Si4+), nitrites

( ), nitrates ( ), ammonium ( ), total

phosphorus (P), carbonates ( ), and some met�

als (Al3+, Ca2+, Fetotal, Mg2+, Mn2+, and Na+).

The average temperature in July was calculated
using the “Gridded Climate Data” database [26],
which contains the results of measurements taken at a
height of 2 m above the ground level using standard
meteorological methods. The air temperature for each
lake is calculated by means of interpolation between
the height above sea level and the distance from the sea
shore. According to the calculations, these lakes are
located in a temperature gradient with an average tem�
peratures in July that varies from +10.20 to +12.10°C.
Although this temperature gradient does not reach
high values, it is still indicative of the actual tempera�
ture variations in the region and lies within the border
where plant zones change (typical tundra, subarctic
tundra, and light forest).

A statistical analysis was performed only using the
zooplankton taxa, which had been found at least in
two lakes and with an abundance equal to 2% or more
at least in one lake. Based on this criterion, 26 of 35
taxa found in the lakes were analyzed. The indirect
ordination method and detrended correspondence
analysis (DCA) were used to measure the length of the
total ecological gradient. This is needed to evaluate the
dependence (linear or unimodal) between the ecolog�
ical factors of the environment in the region under
study and the distribution of zooplankton communi�
ties [27]. DCA presupposes that all taxa have a similar
unimodal reaction to a hypothetical ecological gradi�
ent [28, 29]. DCA (data were converted by means of
the square root) allowed us to reveal that the gradient
length of axis 1 is 4.88 units of standard deviation. This
points to the fact that a nonlinear ordination method
should be applied, viz., canonical correspondence
analysis (CCA). CCA is used when a quite long eco�
logical gradient is analyzed (a gradient length of axis
1 > 2.5) and the taxa within it have a nonlinear reac�
tion to changes in the environment [29]. To reach a
normal distribution of the sampling, the values were
transformed by means of their logarithm. The ordina�
tion analysis was performed in the CANOCO 4.5 pro�
gram [30].

To check the complex of ecological variances for
multicollinearity, the analysis used variance inflation
factors (VIFs). Ecological parameters with VIF > 20
were removed one by one starting from the one with
the highest VIF and until the VIF values of all the
other factors were not lower than 20. The minimum
number of ecological parameters that is statistically
significant to explain the data variations in zooplank�
ton was evaluated using the forward�selection method.

SO4
2–

NO2
– NO3

– NH4
+

HCO3
–

In order to analyze the structure of the zooplank�
ton that inhabit lakes, we used the Shannon�Weaver
diversity index [31], which was calculated using the
values abundance (HN) and biomass (HB) obtained for
zooplankton organisms, as well as Pielou’s evenness
index [32]. Saprobity was evaluated using a method
based on “indicator” organisms that was designed by
Pantle and Buck in Sladechek’s modification [33, 34].
To find the trophic status of water bodies, the classifi�
cations of trophicity suggested by S.P. Kitaeva [35] and
Kh.M. Kurbangalieva [36] were used.

RESULTS AND DISCUSSION

The majority of lakes in the basin of the Anabar
River are of thermokarst origin; some of them are of
floodplain origin. Based on the chemical composition,
the water in the lakes belongs to the hydrocarbonate
type of the calcium group [11]. All the lakes were char�
acterized by a low mineralization level, because they
are enriched through the inflow of low�mineralized
melted and atmospheric water. The average values of
specific electrical conduction of water in the lakes are
(51.1 ± 8.3) mS/cm (Table 1). According to the hard�
ness category, the water of the lakes under study is
characterized as “extremely soft water.” The active
reaction of the medium in the water bodies is neutral
or subacid, but the pH values of several lakes were
below MAC (6.5–8.5). In particular, acid peat lakes
were registered near the village of Saskylakh, where
the pH was equal to 4.5 and 5.2.

The riverside and water plants are poorly devel�
oped. The tangle of macrophytes are homogenous and
dominated by bogbean (Menyanthes trifoliata L.),
marsh marigold (Caltha palustris L.), cowberry
(Comarum palustre L.), bladderworts (Utricularia
spp.), watermilfoil (Myriophyllum spp.), and pond�
weeds (Potamogeton spp.).

In 2007, 35 species of invertebrates were found to
form the zooplankton community in the catchment
basin of the Anabar River: 15 species of rotifers
(Rotifera), 11 species of water fleas (Cladocera), and
9 species of copepods (Copepoda). It is well�known
that the rheophilic zooplankton communities in the
Lower Anabar River are dominated by rotifers; water
fleas and copepods are subdominants, which is
because of their frequency and quantitative indices
[11]. In the lakes, the situation is somewhat different,
because the development of crustaceans is not effected
by the current and the dominant position transfers
naturally to the limnophilic Crustacea species. In tax�
onomic composition, the complex of copepods and
rotifers is well developed in the lakes: the species with
the highest abundance belonged, as a rule, to Rotifera,
and the biomass was more often formed by Copepoda.

There are 13–25 species of zooplankton in the
lakes. Some species are dominant for the majority of
water bodies: Kellicottia longispina (Kellicott, 1879);
Keratella cochlearis (Gosse, 1851); Chydorus sphaeri�
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cus (O. F. Müller, 1785); Heterocope borealis (Fisher,
1851); Cyclops scutifer G.O. Sars, 1863. In zooplank�
ton of the summer period that inhabit water bodies
with low pH values, acidophilic species can be found,
including the water flea Holopedium gibberum Zadd�
ach, 1855. Along with the common species, the zoop�
lnakton community was also represented by Cyzicus
tetracerus (Krynicki, 1839), which belongs to the rare
and relict Conchostraca ephemeroids and is charac�
terized by a short active phase of one generation, as
well as high rates of growth and development.

The abundance and biomass of zooplankton fluc�
tuated significantly: from 3600 to 85300 ind./m3 and
from 0.004 to 4.3 g/m3, accordingly (M ± m calculated
from abundance, (30.8 ± 9.1) thousand ind./m3, M ± m
calculated from biomass, (1.52 ± 0.04) g/m3). The biom�
ass in the vast majority of the lakes was due to large
predatory copepods from the genera Heterocope and
Cyclops. The dominant position of Copepoda in the
communities with low total abundance and zooplank�
ton biomass are characteristics of the northern olig�
otrophic lakes [37–40]. Nevertheless, according to the
classification of Kh.M. Kurbangalieva [36], the abun�
dance and biomass of zooplankton are represented in

our work by the values, which are typical for both
meso– and oligotrophic levels of trophia (51.4 and
48.6% of the lakes, accordingly). Using the trophicity
scale designed by S.P. Kitaev [35], we obtained similar
results; just one lake had a biomass value of zooplank�
ton equal to 4.3 g/m3, which allowed ascribing lake 07�
SA�06 to the category of eutrophic water bodies.
Comparison of data on the average biomass values of
zooplankton that inhabit tundra lakes, which are given
in the literature for the Russian European North,
namely, for the Kola Peninsula (0.91 g/m3, n =
24 lakes) and Bol’shezemel’skaya tundra (1.60 g/m3,
n = 44) ([35], P. 202, Table 15.12), to our data on Eastern
Siberia (1.52 g/m3, n = 35) revealed a zonal similarity
between the quantitative values of the zooplankton.

According to zoogeographic regionalization, the lake
fauna of the Anabar River is mainly represented by cos�
mopolite, palae�, and holarctic organisms (Fig. 2).
About half of the registered species are cosmopolites
(Brachionus calyciflorus Pallas, 1766; Keratella cochle�
aris; Chydorus sphaericus, Daphnia cf. longispina
O.F. Müller et al.), but cold�water species with
restricted habitat in the north more often influenced
the quantitative values. Thus, Cyclops scutifer, which

Table 1. The statistical values of the major limnological characteristics of the Yakutia lakes that were studied

Value Min Average Max Median SD Skew

Tair July, °C 10.20 11.18 12.10 11.00 0.51 0.09

Twater, °C 12.90 15.79 18.40 15.50 1.57 0.07

Dept hmax, m 0.90 4.38 10.00 4.70 2.53 0.23

Transparency, m 0.50 1.59 4.50 1.50 0.85 1.44

Electrical conductivity, µS   cm–1 16.00 51.14 277.00 33.00 49.21 3.25

pH 4.85 6.99 7.55 7.18 0.58 2.57

O2, mg L–1 5.00 8.63 12.00 9.00 1.47 0.00

Cl–, mg L–1 0.27 5.25 62.98 1.12 11.73 3.95

 mg L–1 0.09 0.66 9.94 0.22 1.74 4.91

  µg L–1 0.14 0.15 0.33 0.14 0.03 5.57

  µg L–1 4.12 15.84 36.14 13.73 9.23 0.77

 mg L–1 0.07 0.09 0.10 0.09 0.00 2.90

Al3+,  µg L–1 19.00 32.90 200.00 19.00 38.23 3.44

Ca2+,  mg L–1 0.94 3.78 9.49 3.42 2.21 0.96

Fetotal, µg L–1 24.70 243.46 587.00 198.50 146.77 0.68

Mg2+, mg L–1 0.48 1.73 4.96 1.66 1.01 1.03

Na+,  mg L–1 0.19 2.99 36.40 0.83 6.64 4.15

Mn2+,  mg L–1 19.00 21.49 106.00 19.00 14.71 5.92

Si4+,  mg L–1 0.09 0.28 1.29 0.15 0.29 2.04

Note: SD is the standard deviation, Skew is the skewness (n = 35).

SO4
2–

,

NO3
–

,

HCO3
–

,

Ptotal
–

,
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has the highest abundance among copepods (fre�
quency of occurrence 65.0%), is characterized as a
pelagic species of lake ecosystems that inhabits oligo�
and low�eutrophic water bodies in tundra and taiga
[41]. Kellicottia longispina (FO 45.0%), which is the

most frequent species among rotifers, is a cold�water
palaearctic species [15].

The trophic structure of plankton communities is
an integrated index [42, 43], based on which it is pos�
sible to evaluate the state of a water body and the

Table 2. The characteristics of zooplankton communities in the northwestern part of Yakutia

Value Average Median Min Max SD Skew

N taxa in lake 19.03 19.65 13 25 2.1 1.1

HN 1.73 1.70 0.20 3.25 0.56 0.56

HB 1.07 1.03 0.33 2.32 0.48 0.22

I (evenness) 0.88 0.89 0.80 0.96 0.04 0.51

S (saprobity) 1.53 1.44 1.20 2.80 0.35 1.90

Table 3. The list of zooplankton species that were included in the statistical analysis with the use of the indirect ordination
method (CCA)

Species; group Designation of taxa in CCA diagrams (see Fig. 3)

ROTIFERA

1.  Asplanchna priodonta Gosse,   1850 A.  priodonta

2.  Brachionus calyciflorus Pallas B.  calyciflorus

3.  Kellicottia longispina (Kellicott,   1879) K. longispina

4.  Keratella cochlearis (Gosse) K. cochlearis

5.  Keratella quadrata (O. F. Müller, 1786) K. quadrata

6.  Euchlanis dilatata Ehrenberg, 1832 E.  dilatata

7.  Filinia longiseta (Ehrenberg,  1834) F.  longiseta

CLADOCERA

8.  Holopedium gibberum Zadd., 1848 H. gibberum

9.  Daphnia galeata Sars,   1864 D. galeata

10.  D. cf. longispina O. F. M.,   1785 D. longispina

11.  D. pulex Leydig,   1860 D.  pulex

12.  Simocephalus vetulus (O. F. Müller, 1776) S. vetulus

13.  Eurycercus lamellatus (O. F. M., 1776) E.  lamellatus

14.  Chydorus sphaericus (O.F. Müller, 1785) Ch. sphaericus

15.  Bosmina (Eubosmina) cf. longispina Leydig,   1860 B.  longispina

COPEPODA

16.  COPEPODA Nauplii Nauplii

17.  COPEPODA Copepodita Copepodita

18.  Heterocope borealis (Fischer, 1851) H. borealis

19.  Heterocope appendiculata Sars, 1863 H. appendiculata

21.  Eudiaptomus gracilis (Sars, 1863) E. gracilis

22.  Eudiaptomus graciloides (Lilljeborg 1888) E. graciloides

23.  Eucyclops serrulatus (Fischer, 1851) E. serrulatus

24.  Acanthocyclops vernalis (Fischer,   1853) A. vernalis

25.  Cyclops kolensis Lillijeborg, 1901 C.  kolensis

26.  Cyclops cf. scutifer  Sars, 1863 C. scutifer

27.  Mesocyclops leuckarti (Claus, 1857) M. leuckarti
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changes in its water area, particularly changes in
anthropogenic pressure [44, 45]. Anthropogenic
eutrophication leads to the dominance of detritus food
chains in the communities and accelerates the
destruction of organic matter [46, 47]. It is commonly
considered that copepods are dominant in water with
the lowest organic load, and the ratio between the
abundance of Cladocera and Cyclopoida, which is
indicative of the approximate relationship between
nonpredatory and predatory forms of zooplankton
organisms, increases during eutrophication [42, 48].
In the total abundance of zooplankton that inhabit the
lakes of the Anabar River basin, the average share of
filter feeders was 45.9%, predators were 29.1, organ�
isms with mixed feeding were 15.5, and sedimentators
were 9.5%. A complex trophic structure developed in
the food chains of the communities inhabiting these
lakes. In most cases, the structure was dominated by
large filter feeders and predators, which is common for
oligotrophic lakes [49]. This fact points indirectly to
the absence of anthropogenic pollution, such as
anthropogenic eutrophication.

According to the Shannon–Weaver diversity indi�
ces, which were calculated from biomass (HB), the
water in the lakes is moderately polluted if one consid�
ers its quality [50]. Using the diversity indices calcu�
lated from abundance (HN), we obtained values that
indicated that these lakes belong to meso� and olig�

otrophic water bodies [42] (Table 2). The evenness
index (I), which characterizes stability of communi�
ties, is 0.88 on average, which provide evidence that
there are no dominants in communities and their
structure is stable [32].

The evaluation of saprobity made it possible to
characterize the majority of lakes as oligosaprobic. In
addition, the ratings of the saprobity index were often
on the border between oligo� and β�mesosaprobic
zones, and just 20.0% of the lakes can be characterized
as true β�mesosaprobic with the corresponding com�
plex of indicator species (see Table 2).

It is known that the composition of zooplankton
communities depends to a large extent on environ�
mental conditions. Many studies that apply modern
mathematical tools have been carried out. They were
aimed at finding environmental factors that have
greater influence on the formation of communities
based on the analysis of both the current state of zoop�
lankton and fossilized sediments of cladocerans using
paleolimnological methods [5, 51–54].

To discover the factors that are most significant for
the structure of zooplanktob communities, 26 taxa
were included in the statistical analysis with the use of
the indirect ordination method: 7 species of rotifers; 8
species of water fleas; and 9 species of copepods and
their larvae (Table 3).

CCA with the use of all ecological parameters (data
on the abundance of taxa were converted by means of
the square root, ecological parameters were obtained
using forward sampling, the Monte Carlo test with 999
unbounded variations) demonstrated that they explain
66.8% of the variations in the taxonimic composition
of zooplankton communities (λ1 = 0.174, λ2 =
0.157). Latitude, longitude, height above sea level,
Na+, Cl– had high levels of VIF (exceeding 20), i.e.,
they significantly correlated with each other. These
variables were excluded from the analysis one after
another until all the VIF values were not lower than 20.

Using the CCA method, we demonstrated that pH,
the average temperature of July in the region under
study, depth, and the content of Si4+ ions constitute
the minimal set of ecological parameters that is suffi�
cient to most reliably explain the variation in the abun�
dance of zooplankton organisms that inhabit the lakes
under study (Fig. 3). The values of axis 1 and 2 (λ1 =
0.485 and λ2 = 0.308) of four critical variables are 40.4
and 66.4% of the secular values of the CCA axes 1 and 2
for the critical variables, which indicates that exclud�
ing correlating variables had no significant effect on
the efficiency of our analysis. All the critical values
correlated negatively with axis 1, and TJuly correlated
negatively and critically with axis 2 (Table 4). The
major structure�forming abiotic factors that have the
most significant influence on the formation of zoop�
lankton communities were determined, either directly
or indirectly, by climate change [6, 8].

Table 4. The coefficients of the correlation between ecolog�
ical parameters and CCA ordinate axes 1 and 2

Ecologica
parameter

CCA

Axis 1 Axis 2

pH –0.8144 0.3172

Depth –0.5408 –0.1532

TJuly –0.5375 –0.4023

Si –0.2070 0.1935

100

80

60

40

20

0

%

Holarctic Palaearctic Cosmopolite

Rotatoria Cladocera Copepoda

Fig. 2. A zoogeographical characterization of the zoop�
lankton communities that inhabit lakes in the northwest�
ern part of Yakutia (Anabar River basin).
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According to the results of our study, one of the
most critical factors that determines the composition
of the zooplankton communities of the lakes is the
active reaction of the environment, or pH (p ≤ 0.001)
(see Fig. 3). Several earlier studies also revealed that
changes in the composition of zoolankton communi�
ties follow variations in acidity [55, 56]. When the
acid–base reaction of water ends in the increased
acidity of a water body, there are changes in the struc�
tural and functional relationships within a zooplank�
ton community, the fallout of acid�sensitive zooplank�
ton species, the decrease in species diversity, changes
in the total values of the biomass and the abundance of
water fleas [57, 58]. It is interesting that some species
of Chydoridae demonstrate a bimodal reaction to pH
changes. For example, Chydorus cf. sphaericus is the
species that is dominant in highly trophic lakes with
pH > 9 during the summer period, it is also common
in bogs with pH < 5 [51, 53]. At the same time, two dif�
ferent species can be meant here, because ephippial
males and females, which are quite rarely found during
sampling, are currently needed to perform differentia�
tion of these species [59].

The second important factor is the average air tem�
perature in July in the region (it explains 10.4% of all
faunistic variations, p ≤ 0.05). Temperature is one of
the critical factors that influences, either directly or
indirectly, zooplankton organisms, especially the ones
that inhabit Arctic and Subarctic water bodies that are
located on the border between different temperature
tolerance zones of many species. Based on the investi�
gation of modern communities, a close correlation
was found between the species diversity of zooplank�
ton and the temperature of the environment [37, 51,
52, 60, 61]. K. Patalas discovered that the number of
zooplankton species in Canadian lakes increased from
8 to 35 when the average temperature of July grew by
12°C [60]. M. Rautio observed that the species num�
ber of crustaceous zooplanktoon in lakes of Subarctic
Finland decreased as the geographic latitude became
higher [5, 53]. O.P. Dubovskaya et al. found that the
number of Cladocera species increased in 39 lakes of
Middle Siberia while moving from north to south. The
increase correlated with climate changes [37]. Tem�
perature can significantly influence the parameters of
the life cycles of zooplankton organisms [62].

Use of the linear (redundancy analysis, RDA) and
nonlinear ordination methods (canonical concor�
dance analysis) based on studying fossilized sediments
of cladocerans that inhabit the superficial bottom sed�
iments of lakes allowed placing temperature among
the factors that determine species composition, distri�
bution, and structure of the cladoceran communities
of zooplankton inhabiting Lapland (Finland) [63, 64],
Norway [65], and North America [6, 66, 67]. Despite
the fact that the average air temperature in July is
important to the organisms in the region, we did not
manage to find any close relationship between the
water temperature and the distribution of some zoop�

lankton taxa, which is probably explained by the insuf�
ficient representativeness the single measurements of
temperature, which are not reflective of the actual
temperature conditions in the regions. Similar results
with single measurements of water temperature have
been obtained by other researchers [68, 69].

Several earlier studies [70–73], just as our data,
provide evidence that the depth of a water body is one
of the most important abiotic factors that influences
the composition of zooplankton communities. Shal�
low lakes have, as a rule, homogenous biotopes, their
littoral area is more pronounced if it is compared to
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the pelagic and profundal parts of the water body [70].
It was found that the relative abundance of littoral spe�
cies that inhabit shallow lakes increases as the sizes of
macrophytes grow, while the number of pelagic species
increases with depth [69]. However, it is possible that
the development of zooplankton is not limited by
depth, and there are some environmental factors that
are associated with the latter (for example, food
resources, predators, etc.) that are critical in this case
[74–76].

Some interconnection between the concentration
of Si4+ ions and the composition of the zooplankton
community can be indirectly explained through
trophic relationships with diatoms. The representa�
tives of Bacillariophyta are often dominants in the
phytoplankton communities that inhabit Arctic and
Subarctic water bodies. This has been observed for
Western Siberia [77] and for the region under study
(the Anabar River basin) [78]. It is known that there is
a direct relationship between the seasonal develop�
ment of diatoms and changes in the content of dis�
solved silicon and phosphorus in water [79]. Silicon
can be a limiting factor for diatoms that need this ele�
ment to build the valve cells of their silicious shell [80].
In our study, despite the low content of silicon in water
(0.09–1.29 mg/L, see Table 1), the conditions in the
lakes were favorable for the development and domi�
nance of diatoms [81, 82]. The number of diatoms, in
their turn, influences the feeding conditions of some
zooplankton species, for which these algae serve as the
main food component. For example, according to the
data provided by D.G. Frey [83], Eurycercus spp. feeds
mainly on diatoms (Gomphonema spp., Tabellaria spp.).
A similar relationship between the concentration of
silicon ions and the composition of cladoceran com�
munities has been found for small high�mountain
lakes of Switzerland, whose abiotic condition are close
to Arctic and Subarctic lakes [84]. Therefore, when
there is a lack of biogenic elements in the northern
water bodies, silicon concentrations can influence the
communities of hydrobionts.

CONCLUSIONS

This study demonstrated that Arctic communities
of zooplankton are qualitatively and quantitatively
rich, but they are stable and even. The major factors
that influence the distribution of zooplankton are such
climate�dependent variables as pH, the average tem�
perature of July, and depth of a water body.

Due to the absence of structure�destroying anthro�
pogenic pressure, the lakes under study can be sug�
gested as model water ecosystems for mathematical
modeling during the investigations of paleoclimate
reconstruction.

ACKNOWLEDGMENTS

We are grateful to all the participants of the expedi�
tion to Northwestern Yakutia in the summer of 2007.
We also thank the reviewers of this manuscript for
helpful remarks and advice. This work was supported
by the German Research Foundation (DFG) and the
Federal Education Agency of Russia (project RNP
no. 2.2.2.3.16187).

REFERENCES

1. Domanitskii, A.P., Dubravina, R.G., and Isaeva, A.I.,
Reki i ozera Sovetskogo Soyuza (spravochnye dannye)
(Rivers and Lakes of Soviet Union (Reference Data)),
Moscow: Gidrometeoizdat, 1971, 361 p.

2. Agafonov, L., Strunk, H., and Nuber, T., Thermokarst
Dynamics in Western Siberia: Insights from Dendro�
chronological Research, Palaeogeogr. Palaeoclimatol.
Palaeoecol., 2004, no. 209, pp. 183–196.

3. Kumke, T., Ksenofontova, M., Pestryakova, L., Naz�
arova, L., and Hubberten, H.�W., Limnological Char�
acteristics of Lakes in the Lowlands of Central Yakutia,
J. Limnol., 2007, vol. 66, no. 1, pp. 40–53.

4. Hebert, P.D.N. and Hann, B.J., Patterns in the Com�
position of Arctic Tundra Pond Microcrustacean Com�
munities, Can. J. Fish. Aquat. Sci., 1986, vol. 43,
pp. 1416–1425.

5. Rautio, M., Community Structure of Crustacean
Zooplankton in Subarctic Ponds – Effects of Altitude
and Physical Heterogeneity, Ecography, 1998, vol. 21,
pp. 327–335.

6. Sweetman, J.N., Rühland, K.M., and Smol, J.P., Envi�
ronmental and Spatial Factors Influencing the Distri�
bution of Cladocerans in Lakes Across the Central
Canadian Arctic Treeline Region, J. Limnol., 2010,
vol. 69, no. 1, pp. 1–12.

7. Hansson, L.�A., Lindell, M., and Tranvik, L.J., Biom�
ass Distribution among Trophic Levels in Lakes Lack�
ing Vertebrate Predators, Oikos, 1993, vol. 66, pp. 101–
106.

8. Intergovernmental Panel on Climate Change (IPCC)
2007, Climate Change 2007: The Physical Science Basis,
Contribution of Working Group I to the Fourth Assess�
ment, Solomon, S., Qin, D., Manning, M., Chen, Z.,
Marquis, M., Averyt, K.B., Tignor, M. and Miller, H.L.,
Eds., Cambridge: Cambridge University Press, 2007,
996 p.

9. Samchyshyna, L., Hansson, L.�A., and Christoffersen, K.,
Patterns in the Distribution of Arctic Freshwater Zoop�
lankton Related to Glaciation History, Polar Biol..,
2008, vol. 31, pp. 1427–1435.

10. Chistyakov, G.E., Vodnye resursy rek Yakutii (Water
Resources of Rivers in Yakutia), Moscow: Nauka, 1964.

11. Biologiya reki Anabar (Biology of Anabar River), Kir�
illov, A.F., et al., Eds., Yakutsk: YaNTs SO RAN, 2007.

12. Kunitskii, V.V., Kriolitologiya nizov’ya Leny (Criolithol�
ogy of Low Lena), Yakutsk: IMZ SO Akad. Nauk
SSSR, 1989, 162 p.

13. Gavrilova, M.K., Klimaty kholodnykh regionov Zemli
(Climates of the Cold Regions of the Earth), Yakutsk:
IMZ SO RAN, 1998, 206 p.



CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 6  No. 1  2013

ANALYSIS OF THE EFFECTS OF CLIMATE�DEPENDENT FACTORS 9

14. Karavaev, M.N. and Skryabin, S.Z., Rastitel’nyi mir
Yakutii (Flora of Yakutia), Yakutsk, 1971, 137 p.

15. Kutikova, L.A., Kolovratki fauny SSSR (Rotifers in
Fauna of USSR), Moscow: Nauka, 1970, 745 p.

16. Manuilova, E.F., Vetvistousye rachki (Cladocera) fauny
SSSR (Water Fleas (Cladocera) in Fauna of USSR),
Moscow: Nauka, 1964, 328 p.

17. Opredelitel’ presnovodnykh bespozvonochnykh Rossii i
sopredel’nykh territorii. Nizhshie bespozvonochnye (Iden�
tification Key to the Freshwater Invertebrates of Russia
and Adjacent Territories: Low Invertebrates), Tsalo�
likhin, S.Ya., Ed., St. Petersburg: ZIN RAN, 1994,
vol. 1, 396 p.

18. Opredelitel’ presnovodnykh bespozvonochnykh Rossii i
sopredel’nykh territorii. Rakoobraznye (Identification
Key to the Freshwater Invertebrates of Russia and
Adjacent Territories: Crustacean), Tsalolikhin, S.Ya.,
Ed., St. Petersburg: ZIN RAN, 1995, vol. 2, 632 p.

19. Rylov, V.M., Cyclopoida presnykh vod. Fauna SSSR
(Rakoobraznye) (Freshwater Cyclopoida: Fauna of
USSR (Crustacean)), Moscow: Akad. Nauk SSSR,
1948, vol. 3, issue 3, 320 p.

20. Flössner, D., Die Haplopoda und Cladocera (ohne
Bosminidae) Mitteleuropas, Leiden: Backhuys Publish�
ers, 2000, 428 p.

21. Smirnov, N.N., Chydoridae fauny mira. Fauna SSSR.
Rakoobraznye (Chydoridae in the World Fauna, Fauna
of USSR: Crustacean), Leningrad: Nauka, 1971, vol. 1,
issue 2, 531 p.

22. Alonso M. Crustacea Branchiopoda Fauna Iberica,
Madrid: Museo Nacional de Ciencias Naturales CSIC,
1996, vol. 7, 486 p.

23. Balushkina, E.V. and Vinberg, G.G., Dependence
between Body Mass and Length of Planktonic Animals,
in Obshchie osnovy izucheniya vodnykh ekosistem (Gen�
eral Study Principles of Aquatic Ecosystems), Lenin�
grad: Nauka, 1979, pp. 169–172.

24. Balushkina, E.V. and Vinberg, G.G., Dependence
between the Body Mass and Length of Planktonic
Crustacean, in Eksperimental’nye i polevye issledo�
vaniya biologicheskikh osnov produktivnosti ozer (Exper�
imental and Field Studies of Biological Principles of
the Lake Productivity), Leningrad: Nauka, 1979,
pp. 58–72.

25. Metodicheskie rekomendatsii po sboru i obrabotke mate�
rialov pri gidrobiologicheskikh issledovaniyakh na pres�
novodnykh vodoemakh. Zooplankton i ego produktsiya
(Methodological Recommendations for Collection
and Treatment of Materials during Hydrobiological
Studies in Freshwater Reservoirs), Leningrad: Gos�
NIORKh, 1982, 33 p.

26. New, M., Hulme, M., and Jones, P., Representing
Twentieth Century Space�Time Climate Variability,
Part 2: Development of 1901–96 Monthly Grids of Ter�
restrial Surface Climate, J. Clim., 2000, vol. 13,
pp. 2217–2238.

27. Birks, H.J.B., Quantitative Palaeoenvironmental
Reconstructions, in Statistical Modeling of Quaternary
Science Data, Cambridge: Quaternary Research Asso�
ciation, 1995, pp. 161–254.

28. ter Braak, C.J.F. and Prentice, I.C., A Theory of Gra�
dient Analysis, Adv. Ecol. Res., 1988, no. 18, pp. 271–
317.

29. ter Braak, C.J.F. and Verdonschot, P.F.M., Canonical
Correspondence�Analysis and Related Multivariate
Methods in Aquatic Ecology, Aquat. Sci., 1995, no. 57,
pp. 255–289.

30. ter Braak, C.J.F. and Šmilauer, P., CANOCO 4.5, Refer�
ence Manual and CanoDraw for Windows, User’s Guide:
Software for Canonical Community Ordination (ver. 4.5),
Ithaca, NY: Microcomputer Power, 2002, 500 p.

31. Shannon, C.E. and Weaver, W., The Mathematical The�
ory of Communication, Urbana: Univ. Illinois Press,
1963, 117 p.

32. Pielou, E.C., The Measurement of Diversity in Differ�
ent Types of Biological Collections, Theor. Biol., 1966,
no. 13, pp. 131–144.

33. Makrushin, A.V., Biologicheskii analiz kachestva vod
(Biological Analysis of Water Quality), Leningrad:
Zool. Inst. Akad. Nauk SSSR, 1974, 59 p.

34. Sláde ek, V., System of Water Quality from the Biolog�
ical Point of View, Arch. Hydrobiol. Ergebnisse der Lim�
nologie, 1973, vol. 7, pp. 1–218.

35. Kitaev, S.P., Osnovy limnologii dlya gidrobiontov i ikhti�
ologov (Principles of Limnology for Hydrobiologists
and Ichthyologists), Petrozavodsk: Karel. Nauch.
Tsentr RAN, 2007, 395 p.

36. Kurbangalieva, Kh.M., Hydrobiological Characteristic
of Lakes, in Ozera Srednego Povolzh’ya (The Lakes of
the Central Povolzhie), Leningrad, 1976, pp. 123–129.

37. Dubovskaya, O.P., Kotov, A.A., Korovchinsky, N.M.,
Smirnov, N.N., and Sinev, A.Yu., Zooplankton of
Lakes in the Spurs of the Putorana Plateau and Adja�
cent Territories (North of Krasnoyarsk Krai), in Con�
temporary Problems of Ecology, 2010, vol. 3, no. 4,
pp. 401–434.

38. O’Brien, W.J., Barfield, M., Bettez, N.D., Gettel, G.M.,
Hershey, A.E., et al., Physical, Chemical, and Biotic
Effects on Arctic Zooplankton Communities and
Diversity, Limnol. Oceanogr., 2004, vol. 49, no. 4,
part 2, pp. 1250–1261.

39. Glushchenko, L.A., Dubovskaya, O.P., Ivanova, E.A.,
Shulepina, S.P., Zuev, I.V., et al., Hydrological
Description of Some Lakes in Ergaki Mountainous
Ridge (Western Sayan), J. Siberian Federal University,
Ser. Biol., 2009, vol. 3, pp. 82–98.

40. Stemberger, R.S. and Lazorchak, J.M., Zooplankton
Assemblage Responses to Disturbance Gradients, Can.
J. Fish. Aquat. Sci., 1994, vol. 51, pp. 2435–2447.

41. Borutskii, E.V., Opredelitel’ svobodnozhivushchikh pres�
novodnykh veslonogikh rakov SSSR i sopredel’nykh stran
po fragmentam v kishechnikakh ryb (Identification Key
to the Free Freshwater Fleas in USSR and Adjacent
Countries Based on Fragments Found in Fish Intes�
tines), Moscow: Nauka, 1960, 219 p.

42. Andronikova, I.N., Strukturno�funktsional’naya orga�
nizatsiya zooplanktona ozernykh ekosistem raznykh tro�
ficheskikh tipov (Structure and Functional Organiza�
tion of Zooplankton in the Lake Ecosystems Revealing
Different Trophic Types), St. Petersburg: Nauka, 1996,
189 p.

c

ˆ



10

CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 6  No. 1  2013

FROLOVA et al.

43. Chikov, Yu.S., Ecological Analysis of Composition and
Structure of Communities of Aquatic Animals as the
Method of Biological Monitoring of Water Quality,
Ekologiya, 1978, no. 5, pp. 53–57.

44. Haberman, J. and Laugaste, R., On Characteristics
Reflecting the Trophic State of Large and Shallow
Estonian Lakes (L. Peipsi, L. Võrtsjärv), Hydrobiologia,
2003, vols. 506/509, pp. 737–744.

45. Kononova, O.N., Trophic Structure of Zooplankton in
Small Flood Lakes of Vychegda River Basin, Izv.
Nauch. Tsentr., Ural. Otd., RAN, 2010, no. 3 (3),
pp. 32–37.

46. Lazareva, V.I. and Smirnova, S.M., Significance of
Rotifers in Zooplankton Community of Hypertrophic
Lake Nero (Yaroslavl Oblast), in Kolovratki (tak�
sonomiya, biologiya i ekologiya) (Rotifers (Taxonomy,
Biology and Ecology)), Yaroslavl: Yroslav. Gos. Tekh.
Univ., 2005, pp. 160–175.

47. Kononova, O.N., Structure and Dynamics of Zoop�
lankton in Reservoirs of the Basin in Mid�Flow of
Vychegda River, Extended Abstract of Cand. Sci. (Biol.)
Dissertation, Syktyvkar, 2009, 18 p.

48. Krylov, A.V., Zooplankton ravninnykh malykh rek
(Zooplankton of the Plain Small Rivers), Moscow:
Nauka, 2005, 263 p.

49. Derevenskaya, O.Yu., Trophic Structure of Zooplank�
ton in the Lakes of Central Volga, Biol. Vnutr. Vod,
2002, no. 2, pp. 46–50.

50. Magarran, E., Ekologicheskoe raznoobrazie i ego izme�
renie (Ecological Diversity and Its Measurement),
Moscow: Mir, 1992, 181 p.

51. Korhola, A. and Rautio, M., Cladocera and Other
Branchiopod Crustaceans, in Tracking Environmental
Change Using Lake Sediments; Vol. 4: Zoological Indica�
tors, Smol, J.P., Birks, H.J.B., and Last, W.M., Eds.,
Dordrecht: Kluwer Acad. Publ., 2001, pp. 125–165.

52. Frolova, L.A., Water Fleas (Cladocera Latreille, 1829,
Branchiopoda, Crustacea) in Paleoecological Studies,
in Metodicheskie podkhody k ispol’zovaniyu biolog�
icheskikh indikatorov v paleoekologii (Methodological
Approaches to Application of Biological Indicators in
Paleoecology), Nazarova, L.B., Ed., Kazan: Kazan.
Univ., 2011, pp. 52–87.

53. Rautio, M., Zooplankton Assemblages Related to
Environmental Characteristics in Treeline Ponds in
Finnish Lapland, Arctic, Antarctic, Alpine Res., 2001,
vol. 33, no. 3, pp. 289–298.

54. Anderson, N.J. and Battarbee, R.W., Aquatic Commu�
nity Persistence and Variability: A Palaeolimnological
Perspective, in Aquatic Ecology: Scale, Pattern and Pro�
cess, Giller, P.S., Hildrew, A.G., and Raffaelli, D.G.,
Eds, London: Blackwell Scientific, 1994, pp. 233–259.

55. Nilssen, J.P. and Sandoy, S., Recent Lake Acidification
and Cladoceran Dynamics: Surface Sediment and
Core Analyses from Lakes in Norway, Scotland and
Sweden, in Palaeolimnology and Lake Acidification,
Battarbee, R.W., Mason, J., Renberg, I., and
Talling, J.P., Eds., London: The Royal Society, 1990,
pp. 73–83.

56. Korhola, A., The Early Holocene Hydrosere in Small
Añid Hill�Top Basin Studied Using Crustacean Sedi�
mentary Remains, J. Paleolimnol., 1992, vol. 7, pp. 1–22.

57. Sandøy, S. and Nilssen, J.S., A Geographical Survey of
Littoral Crustacea in Norway and Their Use in Pale�
olimnology, Hydrobiologia, 1986, vol. 143, pp. 277–
286.

58. Carter, J.C.H., Distribution and Abundance of Plank�
tonic Crustacea in Ponds Near Georgian Bay (Ontario,
Canada) in Relation to Hydrography and Water Chem�
istry, Arch. Hydrobiol., 1971, vol. 68, no. 2, pp. 204–
231.

59. Smirnov, N.N., Korovchinskii, N.M., Kotov, A.A., and
Sinev, A.Yu., Taxonomy of Cladocera: Present Status
and Perspectives of Development, in Vetvistousye rak�
oobraznye: sistematika i biologiya: materially Vseros.
skoly�konf., IBBV im. I.D. Papanina (Proceedings of
All�Russian School�Conference on Water Fleas: Tax�
onomy and Biology, Papanin Institute of Biology of
Inland Waters), Nizhnii Novgorod: Vektor TiS, 2007,
pp. 5–73.

60. Patalas, K., Diversity of the Zooplankton Communities
in Canadian Lakes as a Function of Climate, Verh. Int.
Ver. Limnol., 1990, vol. 24, pp. 360–368.

61. Streletskaya, E.A., Review of the Fauna of Rotatoria,
Cladocera, and Copepoda of the Basin of the Anadyr’
River, Contemporary Problems of Ecology, 2010, vol. 3,
no. 4, pp. 469–480.

62. Allan, J.D., Life History Patterns in Zooplankton, Am.
Nat., 1976, vol. 110, pp. 165–180.

63. Korhola, A., Distribution Patterns of Cladocera in
Subarctic Fennoscandian Lakes and Their Potential in
Environmental Reconstruction, Ecography, 1999,
vol. 22, pp. 57–373.

64. Sarmaja�Korjonen, K., Nyman, M., Kultti, S., and
Valiranta, M., Palaeolimnological Development of
Lake Njargajavri, Northern Finnish Lapland, in a
Changing Holocene Climate and Environment,
J. Paleolimnol., 2006, vol. 35, pp. 65–81.

65. Hessen, D.O., Faafeng, B.A., Smith, V.A.,
Bakkestuen, V., and Walseng, B., Extrinsic and Intrinsic
Controls of Zooplankton Diversity in Lakes, Ecology,
2006, vol. 87, pp. 433–443.

66. Swadling, K.M., Pienitz, R., and Nogrady T., Zoop�
lankton Community Composition of Lakes in the
Yukon and Northwest Territories (Canada): Relation�
ship to Physical and Chemical Limnology, Hydrobiolo�
gia, 2000, vol. 431, pp. 211–224.

67. Carter, J.C.H., Dadswell, M.J., Rolf, J.C., and
Sprules, W.G., Distribution and Zoogeography of
Planktonic Crustaceans and Dipterans in Glaciated
Eastern North America, Can. J. Zool., 1980, vol. 58,
pp. 1355–1387.

68. Nazarova, L., Pestryakova, L.A., Ushnitskaya, L.A.,
and Hubberten, H.�W., Chyronomids (Diptera: Chi�
ronomidae) of Central Yakutian Lakes and Their Indic�
ative Potential for Palaeoclimatic Investigations, Con�
temporary Problems of Ecology, 2006, vol. 1(3),
pp. 335–345.

69. Sweetman, J.N. and Smol, J.S., Patterns in the Distri�
bution of Cladocerans (Crustacea: Branchiopoda) in
Lakes Across a North�South Transect in Alaska, USA,
Hydrobiologia, 2006, vol. 553, pp. 277–291.

70. Frey, D.G., Littoral and Offshore Communities of Dia�
toms, Cladocerans and Dipterous Larvae and Their



CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 6  No. 1  2013

ANALYSIS OF THE EFFECTS OF CLIMATE�DEPENDENT FACTORS 11

Interpretation in Palaeolimnology, J. Paleolimnol.,
1988, vol. 1, pp. 179–191.

71. Bos, D.G. and Cumming, B.F., Sedimentary Cladoce�
ran Remains and Their Relationship to Nutrients and
Other Limnological Variables in 53 Lakes from British
Columbia, Canada, Can. J. Fish Aquat. Sci., 2003,
vol. 60, pp. 1177–1189.

72. DeSellas, A.M., Paterson, A.M., Sweetman, J.N., and
Smol, J.S., Cladocera Assemblages from the Surface
Sediments of South�Central Ontario (Canada) Lakes
and Their Relationships to Measured Environmental
Variables, Hydrobiologia, 2008, vol. 600, pp. 105–119.

73. Kienast, F., Wetterich, S., Kuzmina, S.,
Schirrmeister, L., Andreev, A., et al., Paleontological
Records Prove Boreal Woodland Under Dry Inland
Climate at Today’s Arctic Coast in Beringia during the
Last Interglacial, Quaternary Science Reviews, 2010.
doi.10.1016/j.quascirev.2010.11.024.

74. Nevalainen, L., Intra�Lake Heterogeneity of Sedimen�
tary Cladoceran (Crustacea) Assemblages Forced by
Local Hydrology, Hydrobiologia, 2011. doi:
10.1007/s10750�011�0707�3.

75. Davidson, T.A., Sayer, C.D., Perrow, M.R., Bramm, M.,
and Jeppesen, E., The Simultaneous Inference of
Zooplanktivorous Fish and Macrophyte Density from
Sub�Fossil Cladoceran Assemblages: A Multivariate
Regression Tree Approach, Freshwater Biology, 2010,
vol. 55, pp. 546–564.

76. Davidson, T.A., Sayer, C.D., Langdon, P.G.,
Burgess, A., and Jackson, M., Inferring Past Zooplank�
tovourous Fish and Macrophyte Density in a Shallow
Lake: Application of a New Regression Tree Model,
Freshwater Biology, 2010, vol. 55, pp. 584–599.

77. Genkal, S.I., Shchur, L.A., and Yarushina, M.I., Dia�
toms of Some Water Bodies in Northeastern West Sibe�
ria, Contemporary Problems of Ecology, 2010, vol. 3,
no. 4, pp. 386–394.

78. Gabyshev, V.A. and Gabysheva, O.I., Water Quality of
the Anabar River Indicated by Phytoplankton Structure
and Hydrochemical Characteristics, Contemporary
Problems of Ecology, 2010, vol. 3, no. 4, pp. 395–400.

79. Rossolimo, L.L., Ozernoe nakoplenie kremniya i ego
tipologicheskoe znachenie (Lake Sedimentation of Sili�
con and Its Typological Importance), Moscow: Nauka,
1971, 104 p.

80. Sudnitsyna, D.N., Ekologiya vodoroslei Paskovskoi
oblasti. Uchebnoe posobie (Ecology of Algae in Pskov
Oblast: Study Manual), Pskov: PGPU, 2005, 128 p.

81. Pestryakova, L.A., Diatomovye kompleksy ozer Yakutii
(Diatom Complexes in the Lakes of Yakutiya), Yakutsk:
YaGU, 2008, 177 p.

82. Lukina, S.A. and Pestryakova, L.A., Diatoms in the
Lakes of Anabar River Basin (in the Area of Yuryung�
Khaya), Nauka i Obrazovanie, 2006, no. 2, pp. 13–17.

83. Frey, D.G., Comparative Morphology and Biology of
Three Species of Eurycercus (Chydoridae: Cladocera)
with a Description of Eurycercus macrocanthus sp. nov.,
Int. Rev. Ges. Hydrobiol., 1973, vol. 58, pp. 221–267.

84. Lotter, A.F., Birks, H.J.B., Hofmann, W., and Mar�
chetto, A., Modern Diatom, Cladocera, Chironomid,
and Chrysophyte Cyst Assemblages as Quantitative
Indicators for the Reconstruction of Past Environmen�
tal Conditions in the Alps: I. Climate, J. Paleolimnol�
ogy, 1997, vol. 18, pp. 395–420.


