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Cladocera is a primarily-freshwater monophyletic group, an important component of the
microcrustacean zooplankton, inhabiting pelagic, littoral, and benthic zones.

During the analysis of the samples, collected in the Lake Dridzis in 2010 and 2011, three
zooplankton groups, i.e. Rotatoria, Cladocera and Copepoda groups, and 59 zooplankton taxa
were identified in 2010, but 51 zooplankton taxa were identified in 2011. Rotatoria were the
most dominant group consisting of 27 species in 2010 and 25 species in 2011, followed by
Cladocera with 17 species in 2010 and 16 species in 2011. In its turn 15 species were identified
in Copepoda group in 2010, and 10 species in 2011. The dominant species were Polyarthra
vulgaris, Keratella cochlearis, Kellicottia longispina, Conochilus hippocrepis, Diaphanosoma
brachyurum, Daphnia cucullata, Daphnia cristata, Chydorus ovalis, Bosmina crassicornis,
Bosmina longispina, Eudiaptomus gracilis, Eudiaptomus graciloides, Megacyclops viridis,
Eurytemora lacustris, Thermocyclops oithonoides, Thermocyclops crassus and Mesocyclops
leucarti.

Having carried the analysis of the changes in zooplankton taxa vetrical structure Daphnia
cucullata was identified in Dridzis at all depths in the spring, summer and autumn.

Daphnia cucullata has a positive correlation with Daphnia cristata, Bosmina crassicornis,
Bosmina longispina, Diaphanosoma brachyurum (Cladocera), Keratella cochlearis, Kellicottia
longispina, Gastropus stylifer, Filinia longiseta, Conochilus unicornis (Rotifera), Megacyclops
viridis, Cyclops sp. and Nauplii (Copepoda). Negative correlation coefficient was obtained for
Asplanchna priodonta (Rotifera) and Eurytemora lacustris (Copepoda), it is suggested that
there is negative interaction among these species.

Key words: Zooplankton taxa, Daphnia cucullata, Lake Dridzis, Spearman’s rank correlation,
Shannon - Wiener species diversity index, redundancy analysis (RDA).
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INTRODUCTION

Zooplankton plays an important role in the
structure and functioning of ecosystems as a
secondary trophic chain of aquatic ecosystems.
Zooplankton is an index of the productivity of
a water body, because it is the food source for
various planktophagous fish and juvenile fish.
(Chang & Hanazato 2004, Cimdins 2001, Hebert
1982, Malone & McQueen 1983, Pinel-Alloul
1995, Wetzel 2001).

Zooplankton as a primary consumer of the
production of water bodies (consuming phyto
and bacterioplankton) plays an important role
in ensuring the self-cleaning processes. The
potential of zooplankton as a bioindicator is
very high because its development and spread
depends on many abiotic (e.g. temperature,
dissolved oxygen, pH, transparency, wind, social
aggregates, water turbulence, trophic gradient,
salinity, stratification, pollution, etc.) (Bengtsson
1986, Bertilsson et al. 1995, Berzin§ & Pejler
1987, 1989a, 1989b, Dagg 1977, Dumont et
al. 1973, Fernandez-Rosado & Lucena 2001,
Hanazato 1991, 1992, Horppila et al. 2000,
Locke & Sprules 2000, Malone & McQueen
1983, Pinel-Alloul 1995, Seda & Devetter 2000,
Tallberg et al. 1999, Wetzel 2001, IIuaraiiko
1984) and biotic parameters (e.g. food, predation,
competition) (Chang & Hanazato 2004, Cimdins
2001, Dodson 1984, Escribano & Hidalgo 2000,
Harris et al. 2012, Hebert 1982, Larsson &
Dodson 1993, Malone & McQueen 1983, Pinel-
Alloul 1995, Weider & Pijanowska 1993, Wetzel
2001, JIazapesa 2010). Carrying out the complex
study of the zooplankton coenosis composition,
researchers should never forget about the
seasonality of zooplankton taxa i.e., if they want
to obtain the most accurate information about the
zooplankton species living there, their mutual
interactions, the samples should be collected in
spring, summer and autumn from different places
of water bodies (Mergeay et al. 2005, CmupHOB
1979).

Since the spatial and temporal apect of the
composition of zooplankton species in Lake
Dridzis has not been sufficiently studied recently,

the aim of this research is to study the spatial
distribution of the composition of zooplankton
species in Lake Dridzis in the course of several
years covering spring, summer and autumn
seasons, so the author could get the fullest
possible view of the current composition of
zooplankton species in Lake Dridzis, their
mutual interactions, interactions with different
environmental factors, and place of one of the
most common Cladocera species- Daphnia
cucullata and its role in zooplankton species
composition. Based on data of the past studies
of zooplankton species diversity in deep Latvian
lakes (Brakovska & Paidere 2012, Brakovska
& Skute 2007, 2009, Brakovska et al. 2012,
Brakovska et al. 2013, Jurevics et al. 2012) it
has been revealed that the Cladocera plays an
important role between occurring zooplankton
groups in terms of biomass and species number.
Daphnia cucullata species can be considered as
one of the leading species in this group, since
they were found in the samples throughout
the entire season. It forms also an important
part of the vendace food (Sutela & Huusko
1997,Viljanen 1983). In addition, Cladocera
genera (e.g. Daphnia) have frequently been
used as model organisms for ecological genetic
research (Colbourne & Hebert 1996, Harris et al.
2012) and also used in other scientific disciplines,
including chemistry, physiology and freshwater
ecology (Lampert 2006, Larsson & Weider 1995).
Moreover, there have not been carried out any
separate studies of prevalence and location of
Daphnia cucullata in the zooplankton coenosis
composition in Lake Dridzis so far.

MATERIAL AND METHODS
Location of reseach

Lake Dridzis is the deepest lake in Latvia.
Moreover, it is the deepest lake in Baltia. The
maximum depth of the lake is 65.1 m and the
average 12.8 m. Lake Dridzis is situated in
the Hillock of Dagda of the Latgale Highlands
(705390.852/208462.077), in Skaista and
Kombulu Parishes, Kraslava Region. It is the
area of Natura 2000 (Brakovska & Skute 2007,
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Brakovska et al. 2013, www.ezeri.lv database
(accessed 30.06.2013)).

Physico-chemical measurements

Water physico-chemical parameters (water
temperature (°C), pH, conductivity (uS cm™),
total dissolved solids (gl"), dissolved oxygen
(mg™), oxygen saturation (%), oxidation-
reduction potential-ORP (mV), chlorophil o
(ng"), turbidity (NTU)) per one imagined line
were determined using a HACH DSS5 probe in
the deepest locality of Lake Dridzis. During the
study the sonde was lowered to the bottom of the
water bodies. When the physical and chemical
parameters became stabilize on the sonde display,
they were saved to the sonde memory. Then the
sonde was moved to one meter up. The activities
were repeated until the sonde reached the water
surface. The final measurements were taken at
depths of one meter and half a meter (Brakovska
& Skute 2007, Brakovska et al. 2012, Brakovska
et al. 2013).

Collection and analyses of zooplankton
samples

The collection of the zooplankton samples and
their quantitative and qualitative analysis was
performed using the APHA standard methods
procedure for the water and wastewater analysis
(APHA 2005, Wetzel & Likens 2000).

For the study of taxonomic classification of
zooplankton and for the study of Daphnia
cucullata location in composition of zooplankton
cenosis the zooplankton samples were taken in
the period from May to September in 2010 —
2011. Depth-integrated zooplankton samples
were taken from the deepest site of the lake with
a Hydro-bios Apstein type plankton net with an
opening.closing mechanism (mesh size 64 um),
preserved with 37- 40% formaldehyde solution
(4% final concentration), and stored in 0.33 L
bottles (Brakovska et al. 2013).

The samples of zooplankton were analysed by
using Zeiss Primo Star upright light microscope
(100- 400 x magnification). The samples of

zooplankton were analysed repeatedly by
Gridded Sedgewick Rafter counting chamber
with the volume of 1 ml, in total 6 ml sample’s
subvolume examined (1 ml x 6) (Wetzel &
Likens 2000). Having studied the samples in
the light microscope the zooplankton organisms
were then calculated and identified as species
or families. We used the following zooplankton
guides (Benzie 2005, Dagg 1977, Dumont &
Negrea 2002, Dussart & Defaye 2001, Flossner
1972, Flossner 2000, Flossner 2002, Hudec
2010, Kotov 2006, Krauter & Streble 1988,
Lieder 1996, Nogrady & Segers 2002, Paidere
& Skute 2011, Pontin 1978, Radwan et al. 2004,
Rivier 1998, Ruttner-Kolisko 1974, Scourfield &
Harding 1994, Segers 1995, Segers 2007, Sloka
1981, Smirnov 1996, Kytukosa 1970, Kytukopa
& Crapoboraros 1977, Manyiinosa 1964,
OmnpenenuTens 300IUIAHKTOHA U 3000€HTOCA. ..
2010, OnpenenuTens MPecHOBOJAHBIX ... 1995).

The following formula was used to calculate the
number of organisms in a sample:
N= (a x b x 1000) / (¢ x d), where
(1)

a- 1is a calculated number of organisms

(average);

b- is a volume of concentrated sample;

c- is a sample volume;

d- is a volume of filtered water;

N- is a number of organisms per m™.

Dominance (D) frequency was calculated by the
following formula:
@)
D =100x (a /b), where
a- 1isthe number of individuals of a certain
species;
b- is the total number of all individuals in
the sample.

If D value is > 10% it indicates the dominant
species, but 5-10% indicate the subdominant
species (Schwerdtfeger 1975).

Shannon - Wiener species diversity index (H )
was calculated by the following formula (Krebs
1999, Margalef 1958):
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M
H = - Z(pz’)(lnpz’) » where
3) it : .
H' - species diversity index;
S - total number of species;
pi —i-the number of individual species of total
individual number of all species.

Since the values obtained are bits, in order to
convert the bits to the generic unit, we used the
following equation (Krebs 1999; MacArthur
1965): \
N, = e
“4)

a- 2.71828 (base of natural logs);

w here

H'- Shannon—Wiener function (calculated with
base e logs);

N,- the number of equally common species that
produce the same diversity as H’

Statistical data analysis (Spearman’s rank
correlation) was conducted using /BM SPSS
Statistics 20. Redundancy analysis (RDA) run in
CONOCO 4.5 (Gotelli & Ellison 2004; Leps &
Smilauer 1999; Leps & Smilauer 2003; Quinn &
Keough 2002) was used to analyse the covariance
structure of interspecies and environmental
variables. Zooplankton species were scored as
presence/absence and abundance records from
different depths of Lake Dridzis. Rare species
were downweighted.

RESULTS AND DISCUSSION

During the research three zooplankton groups
were identified in Lake Dridzis, i.e. Rotifera,
Cladocera and Copepoda. In 2010 59 zooplankton
taxa were identified: Rotifera- 27, Cladocera-
17 and Copepoda- 15 in 2010 (Table 1). The
following Rotifera species were identified as
dominant in Lake Dridzis depending on the
season: Polyarthra dolichoptera, Polyarthra
vulgaris, Keratella cochlearis, Kellicottia
longispina, Conochilus hippocrepis, Conochilus
unicornis, the dominant species in Copepoda
group were as follows Eudiaptomus gracilis,

Eudiaptomus graciloides, Megacyclops viridis,
Eurytemora lacustris, Cyclops scutifer. In
turn, 51 zooplankton taxa were identified in
2011, i.e.: Rotifera- 25 species, Cladocera- 16
species and Copepoda- 10 species (Table 2).
The dominant species in Rotifera group were
the following species: Polyarthra vulgaris,
Polyarthra major, Keratella cochlearis and
Kellicottia longispina, while in Copepoda group:
Thermocyclops oithonoides, Thermocyclops
crassus, Mesocyclops leucarti, Eurytemora
lacustris, Eudiaptomus gracilis, Eudiaptomus
graciloides and Megacyclops viridis. In turn,
the following species in Cladocera group were
dominant in both years (2010 and 2011), i.e.
Diaphanosoma brachyurum, Daphnia cucullata,
Daphnia cristata, Chydorus ovalis, Bosmina
crassicornis and Bosmina longispin. The highest
number of Rotifera taxa throughout the season
2010 was identified in mid-May and August.
Cladocera taxa were mainly found from mid-
June to September, but Copepoda taxa in June,
August and mid-September samples (Table 1). In
samples collected in 2011 the largest number of
Rotifera taxa was found in May, June and August,
Cladocera in early June, August and September.
In turn, the largest number of Copepoda taxa was
found in July and August (Table 2). Moreover,
Daphnia cucullata in Dridzis was identified the
samples collected in spring, summer and autumn
at all depths.

Summarizing the data obtained during the
research, it was revealed that the representatives
of Cladocera group take an important place
among the other zooplankton groups in Dridzis.

According to literature data (Line 1966) there
are some Rotifera species, such as Keratella
cochlearis, Kellicotia longispina, Polyarthra
remata, Filinia longiseta, which are found in the
lake throughout the year. Most Rotifera, Cladocera
and Copepoda species are characterized by a wide
range of temperature tolerance (Bertilsson et al.
1995, Bérzins & Pejler 1989a). Many studies
have shown that the higher temperature variation
over a specified period in lakes is, the greater is
the species diversity (Beaver & Havens 1996,
Gilbert 2011, Shurin et al. 2010).
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It is accepted that due to the adaptations to certain
environmental conditions, the same population
of species is separated in different water layers
and can be distinguished by their development
cycles. Overall, Rotifera species have a wide
temperature range (0 - 30 °C) at which the species
can exist (Berzins & Pejler 1989a). By contrast,
the optimum temperature for the existence of
Cladocera and Copepoda is within 0- 24 °C
(Bertilsson et al. 1995). However, the level of
dissolved oxygen of Rotifera must be within the
range 0 - 16 mg ' (Berzins & Pejler 1989b), but
of Cladocera and Copepoda must be within the
range 2 - 13 mg ! (Bertilsson et al. 1995).

The water temperature in the upper layer (0-5
m) of Lake Dridzis ranged from 17.5 °C to 26.8
°C in May and July 2010. The level of dissolved
oxygen ranged from 7.3 mg ! in late August to
8.6 mg ' in mid-July, but chlorophyll-a ranged
from 0.4 pg'in May to 1.55 pg! in early August.
By contrast, water temperature on the surface of
Lake Dridzis was from 14.3 °C to 25.6 °C in May
and June in 2011. The level of dissolved oxygen
ranged from 7.6 mg ' in July / September to 11
mg "' in May, but the chlorophyll-a ranged from
0.6 ng! in August to 4.6 pug' in September.

If I compare the literature data with the data
received during our research in the corelation
of Rotifera, Cladocera and Copepoda species
with water temperature and dissolved oxygen
(Bertilsson et al. 1995, Bérzins & Pejler 1989a,
Bérzins & Pejler 1989b, Doulka & Kehayias
2011, Elliott 1977, Field & Prepas 1997,
Kaya et.al. 2010, Kessler & Lampert 2004,
Kizito & Nauwerck 1995, Taylor et. al. 1993),
I can conclude that the species described in my
research coincide with the optimal temperature
and dissolved oxygen range specified in the
literature. According to the samples of Rotifera
species collected during my research such
species as Polyarthra major, Polyarthra vulgaris,
Polyarthra dolichoptera, Asplanchna priodonta,
Kallicottia longispina, Keratella cochlearis have
the highest range of dissolved oxygen i.e. 1-13
mg ' (Bérzins & Pejler 1989b). By contrast, in
according to the temperature data, such species

as Polyarthra dolichoptera, Keratella quadrata,
Keratella cochlearis, Synchaeta pectinata
have the widest range for optimal existence,
i.e 0-23 °C are (Berzin$ & Pejler 1989a). For
certain Cladocera species e.g. Diaphanosoma
brachyurum, Daphnia cucullata, Daphnia
cristata and Bosmina longispina the temperature
optimum is within 7- 23 °C, but for Bosmina
crassicornis- 14- 15 °C (Bertilsson et al. 1995).
The situation is similar to the Copepoda species.
In turn, the optimal amount of dissolved oxygen
both in Cladocera and Copepoda species is within
the range 5- 11 mg ' (Bertilsson et al. 1995).

Summarizing the data obtained during the
research, it was revealed that the representatives
of Cladocera group take an important place
among the other zooplankton groups in Dridzis.
Spearmans rank correlation was used for the
analysis of changes in zooplankton taxa vertical
structure depending on the depth (Krebs 1999).
The depth is a determinant for the following
taxa in Lake Dridzis, i.e. Ascomorpha ovalis,
Trichocerca capucina, Polyarthra vulgaris,
Polyarthra major, Conochilus unicornis,
Diaphanosoma brachyurum, Daphnia cucullata,
Daphnia cristata, Bosmina crassicornis,
Eudiaptomus gracilis, Eudiaptomus graciloides.
Having analysed the interaction of Daphnia
cucullata with other zooplankton species
(according to the Spearmans correlation
coefficient), a negative correlation coefficient
was obtained for Asplanchna priodonta (Rotifera)
r =-0.5 (0-5m depth) and Eurytemora lacustris
(Copepoda) r = -0.89 (20 - 25m depth), it
allows the author to suggest that there is
negative interaction among these species. In
turn, Daphnia cucullata has a positive correlation
with Daphnia cristata, Bosmina crassicornis,
Bosmina longispina, Diaphanosoma brachyurum
(Cladocera), Keratella cochlearis, Kellicottia
longispina, Gastropus stylifer, Filinia longiseta,
Conochilus unicornis (Rotifera), Megacyclops
viridis, Cyclops sp. and Nauplii (Copepoda).
This could be explained by the fact that there
is no competition between these species. The
correlation coefficient (r) is different depending
on the sampling depth.
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Having performed the Redundancy data analysis
(RDA), the results obtained over the years are
different. In accordance with the RDA ordination
analysis of the data in 2010, Daphnia cucullata
has close interaction with Daphnia cristata,
chlorophyll- a and sampling time (Fig. 1). The
dissolved substances content and conductivity
- with certain species of Copepoda group, but
turbidity and temperature was identified closer
interaction with Diaphanosoma brachyurum and
Polyarthra major (Fig. 1). Oxygen saturation
and pH affect the development of Copepoda
(Bertilsson et al. 1995). The dissolved oxygen
content and oxygen saturation interact with
Asplanchna priodonta, Polyarthra dolichoptera
and Synchaeta sp., but conductivity and total
dissolved solids with Megacyclops sp., Gastropus

stylifer and Cyclops scutifer (Fig. 1).

By contrast, in accordance with the RDA analysis
of samples collected in 2011, different results
were obtained. In this case, Daphnia cucullata is
in close interaction with Bosmina crassicornis,
Gastropus stylifer, total dissolved solids and
conductivity (Fig. 2). Chlorophyll- o.and pH affect
Polyarthra major and Eudiaptomus gracilis,
while Chlorophyll- a, the dissolved oxygen
content and the oxygen saturation influence
Asplanchna priodonta, Polyarthra vulgaris,
Keratella quadrata and Copepodite. The turbidity
and the oxidation reduction potential affect
Daphnia cristata, Diaphanosoma brachyurum,
Eudiaptomus graciloides. On the other hand,
the depth and temperature affect Keratella

=
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ishdive i .cncnllata
Total dissalv dcshoi ids _Agcr:‘smza
HOPNI BN quplii
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Fig. 1. Redundancy analysis (RDA) ordination plot for zooplankton abundance from Lake Dridzis
during the sampling period of May to September 2010. Abbreviations: ORP- Oxidation-reduction

potential; NTU- Turbidity.
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cochlearis, Conochilus unicornis, Bosmina
longispina, Megacyclops viridis, Eurytemora
lacustris and Cyclops (Fig. 2). In accordance
with the RDA data analysis performed in 2011
the species diversity (according to Shannon)
was dependent on the turbidity and sampling
time (Fig. 2).

The research results could be explained by the
fact that the vertical structure of zooplankton
population varies seasonally because specimens
choose the most optimal ecological niche
for themselves as a result of the variety of
physiological and behavioral mechanisms. Water
masses from deepwater pelagic lake are not
homogeneous due to the influence of different
abiotic and biotic factors, and it directly affects
the structure of zooplankton community.

Differences in number and composition of species
depend on a number of influencing factors, such
as lake trophy, the depth from which the sample is
taken, water temperature, pH, water transparency,
dissolved oxygen, vegetation, season and so on

(Beaver & Havens 1996, Berzins & Bertilsson
1990, Berzins & Pejler 1987, Berzins & Pejler
1989a, Berzins & Pejler 1989b, Doulka &
Kehayias 2011, Elliott 1977, Field & Prepas
1997, Field & Prepas 1997, Hebert 1982, Jacobs
1977, Ka et.al 2006, Kaya et.al. 2010, Kessler
& Lampert 2004, Kizito & Nauwerck 1995,
Kubar et. al. 2005, Line 1966, Paidere & Skute
2011, Taylor et. al. 1993). Itis accepted that due to
adaptations to certain environmental conditions,
the same species of populations are separated in
different water layers and can be distinguished
by their development cycles.

It is considered that the variability of these factors
is mainly subject to the seasonality, when many of
thee influencing factors change, e.g. temperature,
oxygen content, chlorophyll concentration,
the presence of predators (both of vertebrates
and invertebrates), as well as the competition
among species. Beides the lake morphology and
anthropogenic activities in the lake basin are also
of great importance.
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Fig. 2. Redundancy analysis (RDA) ordination plot for zooplankton abundance from Lake Dridzis
during the sampling period of May to September 2011. Abbreviations: ORP- Oxidation-reduction

potential; NTU- Turbidity.
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CONCLUSIONS

1. During the research three zooplankton groups
were identified in Lake Dridzis both in 2010 and
2011, i.e. Rotifera, Cladocera and Copepoda.
In 2010 the total of 59 zooplankton taxa were
identified, while 51 zooplankton taxa in 2011.

2. Both in 2010 and in 2011, Rotifera group
was dominant (beased on zooplankton species),
followed by Cladocera and Copepoda.

3. Depending on the season, Diaphanosoma
brachyurum, Daphnia cucullata, Daphnia
cristata, Bosmina crassicornis and Bosmina
longispina were dominant species in Cladocera
group both in 2010 and in 2011 in Lake Dridzis.
In addition, Daphnia cucullata in Lake Dridzis
was identified in spring in summer and in autumn
season at all depths.

4. Daphnia cucullata has a positive correlation
(based on Spearmans correlation coefficient)
with Daphnia cristata, Bosmina crassicornis,
Bosmina longispina, Diaphanosoma brachyurum
(Cladocera), Keratella cochlearis, Kellicottia
longispina, Gastropus stylifer, Filinia longiseta,
Conochilus unicornis (Rotifera), Megacyclops
viridis, Cyclops sp. and Nauplii (Copepoda).

5. Daphnia cucullata has a negative correlation
(baed on Spearmans correlation coefficient) with
Asplanchna priodonta (Rotifera) and Eurytemora
lacustris (Copepoda).

6. Based on the RDA Daphnia cucullata was
in a close interaction with Daphnia cristata,
chlorophyll a and sampling time in 2010, while
with Bosmina crassicornis, Gastropus stylifer,
the dissolved substances and conductivity in
2011.

ACKNOWLEDGMENTS

I would like to thank Dr. biol., Jana Paidere, for
her help in identifying zooplankton species and
for her valuable comments on the resulting data
analysis.

14

REFERENCES

[APHA] American Public Health Association.
2005. Standard Methods for the Examina-
tion of Water and Wastewater. 21st edn.
Washington, D.C.

Beaver J. R., Havens K. E.1996. Seasonal and
spatial variation in zooplankton commu-
nity structure and their relation to possible
controlling variables in Lake Okeechobee.
Freshwater biology, 36: 45- 56.

Bengtsson J. 1986. Life histories, interspecific
competition between three Daphnia species
in rockpools. Journal of Animal Ecology, 55
(2): 641-655.

Benzie J.A.H. 2005. Cladocera: The genus Daph-
nia (including Daphniopsis). Kenobi Product
& Backhuys Publ., Ghent, Leiden, Pp. 376.

Bertilsson J., Bérzins B., & Pejler B. 1995. Occur-
rence of limnic micro-crustaceans in relation
to temperature and oxygen. Hydrobiologia,
299: 163-167.

Beérzin§ B., Bertilsson J. 1990.Occurrence of
limnic micro-crustaceans in relation to pH
and humic content in Swedish water bodies.
Hydrobiologia, 199: 65- 71.

Berzins B., Pejler B. 1987. Rotifer occurrence
in relation to pH. Hydrobiologia, 147: 107-
116.

Bérzins B., Pejler B. 1989a. Rotifer occurrence
in relation to temperature. Hydrobiologia,
175:223-231.

Berzins B., Pejler B. 1989b. Rotifer occurrence
in relation to oxygen content. Hydrobiologia,
183: 165-172.

Brakovska A. Paidere J. 2012. Composition
dynamics of zooplankton species in the
Lake Svente (Latvia) from 2006 to 2011.
In MexayHaponHast mikosia- KOH(pepeHIus
»AKTyanbHbIe TPOOJIEMbl H3y4YECHUS
paxkooOpa3HbIX KOHTUHEHTAJIBbHBIX BOA 05.-



Daphnia cucullata Sars, 1862 (Crustacea: Cladocera) distribution and location in composition of zooplankton.....

09.11.2012 Bopok, Poccust. Pp. 140-144.

Brakovska A. Skute R. 2009. Ecological evalu-
ation of zooplankton groups in Lake Gera-
nimovas-Ilzas and Lake Garais. /n Proceed-
ings of the 7th International Scientific and
Practical Conference, 2: 43-50. R&zeknes
Augustskola, Rézekne.

Brakovska A., Skute R., Skute A. 2012. Het-
erogeneity of distribution and community
composition of zooplankton in upper lay-
ers of Lake Svente. Zoology and Ecology,
22(34): 172-180.

Brakovska A., Paidere J., Skute R., Skute N.,
Skute A. 2013. Occurrence of Cladocera and
the genetic diversity of Daphnia cucullata
in the pelagic zone of Latvian salmonid
lakes. Estonian Journal of Ecology, 62 (4):
244 - 264.

Brakovska A., Skute R. 2007. Ecological char-
acteristic of groups of zooplankton in the
deepest Lakes of East-Latvia. Acta Bio-
logica Universitatis Daugavpiliensis, 7 (2):
165 - 174.

Chang K.-H. & Hanazato T. 2004. Diel vertical
migrations of invertebrate predators (Lepto-
dora kindtii, Thermocyclops taihokuensis,
and Mesocyclops sp.) in a shallow, eutrophic
lake. Hydrobiologia, 528: 249-259.

Cimdin$ P. 2001. Limnoekologija. Macibu
gramata, Riga.

Colbourne J. K., Hebert, P. D. N. 1996. The
systematics of North American Daphnia
(Crustacea:Anomopoda): a molecular
phylogenetic approach. Philosophical
Transactions of the Royal Society of London.
Series B, 351: 349-360.

Dagg M. 1977. The Biology of Calanoid Cope-
pods: The Biology of Calanoid Copepods.
Pp. 710.

Dodson S. I. 1984. Predation of Heterocope
septentrionalis on two species of Daphnia:
morphological defenses and their cost.
Ecology, 65: 1249-1257.

Doulka E., Kehayias G. 2011.Seasonal vertical
distribution and diel migration of zooplank-

ton in a temperate stratified lake. Biologia,
66(2): 308-319.

Dumont H. J., Negrea V. 2002. Introduction
to the Class Branchiopoda. Guides to the
Identification of the Microinvertebrates of
the Continental Waters of the World. Vol.
19. Backhuys Publishers, Leiden.

Dumont H.J., Miron 1., Dall’ Asta U., Decraemer
W., Claus C., Somers D. 1973. Limnological
aspects of someMoroccon Atlas Lakes, with
reference to some physical and chemical
variables, the nature and distribution of the
Phyto- and Zooplankton, including a note on
possibilities for the development of an inland
fishery. Hydrobiologia, 58: 33—60.

Dussart B. H., Defaye D. 2001. Introduction to
the Copepoda. 2nd revised and enlarged
edn.Guides to the Identification of the Mi-
croinvertebrates of the Continental Waters
of the World. Vol. 16. Backhuys Publishers,
Leiden.

Elliott J.I. 1977. Seasonal changes in the
abundance and distribution of planktonic
rotifers in Grasmere (English Lake District).
Freshwater biology, 7: 147- 166.

Escribano R., Hidalgo P. 2000. Spatial distribu-
tion Spatial distribution of copepods in the
north of the Humboldt Current region off
Chile during coastal upwelling. Journal of
the Marine Biological Association of the UK,
80: 283-290.

Fernandez-Rosado M.J., Lucena J. 2001. Space-
time heterogeneities of the zooplankton
distribution in LaConcepcidn reservoir
(Istan, Malaga; Spain). Hydrobiologia, 455:
157-170.

15



Brakovska A.

Field K.M., Prepas E.E. 1997. Increased abun-
dance and depth distribution of pelagic
crustacean zooplankton during hypolimnetic
oxygenation in a deep, eutrophic Albert lake.
Canadian Journal of Fisheries and Aquatic,
54:2146-2156.

Flossner D. 1972. Krebstiere, Crustacea, Kiemen-
und Blattfiisser, Branchiopoda, Fischlduse,
Branchiura. Tierwelt Deutschlands, 60:
1-501.

Floéssner D. 2000. Die Haplopoda und Cladocera
(ohne Bosminidae) Mitteleuropas. Leiden.
Backhuys Publishers, Pp. 428.

Floéssner D. 2002. Die Haplopoda und Cladocera
Mitteleuropas. Backhuys Publishers, Leiden.
Pp. 428.

Gilbert J.J. 2011. Temperature, kairomones and
phenotypic plasticity in the rotifer Kera-
tella tropica (Apstein, 1907). Hydrobiologia,
678(1): 179- 190.

Gotelli J. N., Ellison A. M. 2004. A Primer of
Ecological Statistics. Sinauer Associates.
Pp. 492.

Hanazato T. 1991. Pesticides as chemical agents
inducing helmets formation in Daphnia
ambigua. Freshwater Biology, 26: 419-424.

Hanazato T. 1992. Insecticide inducing helmet
development in Daphnia ambigua. Archives
in Hydrobiology, 123:451-457.

Harris K. D. M., Bartlett N. J., Lloyd V. K. 2012.
Daphnia as an emerging epigenetic model
organism. Genetic Research International,
1D 147892.

Hebert P. D. N. 1982. Competition in zooplankton
communities. Annales Zoologici Fennici,
19: 349-356.

Horppila J., Malinen T., Nurminen L., Tallberg

P., Vinni M. 2000. A metalimnetic oxygen
minimum indirectly contributing to the low

16

biomass of cladocerans in Lake Hiidenvesi
— a diurnal study on the refuge effect.
Hydrobiologia, 436: 81-90.

Hudec 1. 2010. Fauna Slovenska. Anomopoda,
Ctenopoda, Haplopoda, Onychopoda (Crus-
tacea, Brachiopoda). VEDA: Vydavatel’stvo
Slovenskej akademie vied Bratislava. Pp.
496.

Jacobs J. 1977. Coexistence of similar zooplank-
ton species by differential adaptation to
reproduction and escape, in an environment
with fluctuating food and enemy densities.
J.A. Model. Oceanologia, 29(3): 233- 247.

Jureviés P., Skute A., Brakovska A., Stepanova
M. 2012. Spatio-temporal distribution of
fish in the northern part of Lake Svente.
In Proceedings of International Scientific
Conference The Current State and Perspec-
tive of the Coregonid Lakes. Acta Biologica
Universitatis Daugavpiliensis, Supplement
3,50-61.

KaS., Pagano M., BaN., Bouvy M., Leboulanger
C., Arfi R., Thiaw O. T., N’dour E. M.,
Corbin D., Defaye D., Cuoc C., Kouassi E.
2006. Zooplankton distribution related to
environmental factors and phytoplankton in
a shallow tropical lake (Lake Guiers, Sen-
egal, West Africa). International Review of
Hydrobiology, 91: 389- 405.

Kaya M., Fontaneto D., Segers H., Altindag A.
2010. Temperature and salinity as interacting
drivers of species richness of planktonic ro-
tifers in Turkish continental waters. Journal
of Limnology, 69: 297- 304.

Kessler K., Lampert W. 2004. Depth distribu-
tion of Daphnia in response to a deep-water
algal maximum: the effect of body size and
temperature gradient. Freshwater biology,
49:392- 401.

Kizito Y.S., Nauwerck A. 1995. Temporal and
vertical distribution of planktonic rotifers
in a meromictic crater lake, Lake Nyahirya



Daphnia cucullata Sars, 1862 (Crustacea: Cladocera) distribution and location in composition of zooplankton.....

(Western Uganda). Hydrobiologia, 312/314:
303-312.

Kotov A.A. 2006. Cladocera: Family Ilyocryp-
tidae (Branchiopoda: Cladocera: Anomopo-
da). Kenobi Productions, Ghent & Backhuys
Publishers, Leiden. Pp. 172.

Krauter D., Streble H. 1988. Das Leben im Was-
sertropfen. Mikroflora und Mikrofauna des
Siipwassers. Kosmos, Stuttgart.

Krebs J.Ch. 1999. Ecological Methodology.
Second Edition. Addison Wesley Longman.
Pp. 620.

Kubar K., Agasild H., Virro T., Ott 1. 2005.
Vertical distribution of zooplankton in
a strongly stratified hypertrophic lake.
Hydrobiologia, 547: 151- 162.

Lampert W. 2006. Daphnia: model herbivore,
predator and prey. Polish Journal of Ecology,
54: 633-652.

Larsson P. Weider L. J. 1995. Cladocera as model
organisms in biology. Developments in
Hydrobiology, 107: 1-307.

Larsson P., Dodson S. 1. 1993. Chemical com-
munication in planktonic animals. Archiv
fiir Hydrobiologie, 129: 129-155.

Leps N., Smilauer P., 1999. Mulivariate Analysis
of Ecological Data. Faculty of Biological
Sciences, University of South Bohemia
Ceské Budejovice. Pp. 110.

Leps N., Smilauer P., 2003. Mulivariate Analysis
of Ecological Data. United States of America
by Cambridge University Press, New York.
Pp. 283.

Lieder U. 1996. Crustacea: Cladocera/Bosmini-
dae. Siisswasserfauna von Mitteleuropa, Bd.
8, H. 2-3, Stuttgart, Jena, Liibeck, Ulm:
G.Fischer. Pp. 80.

Line R. 1966. Latvijas PSR austrumu un
centralas dalas ezeru zooplanktona sastavs,
kvantitativa attisttba un perspektiva
izmantoSana. Disertacija. Latvijas PSR
Zinatnu akadémijas Biologijas institits.
Riga. Pp. 279.

Locke A., Sprules W.G. 2000. Effects of pH, food
quality and quantity on survival and condi-
tion of Bosmina longirostris and Daphnia
pulex. Hydrobiologia, 437: 187-196.

MacArthur R.H. 1965. Patterns of species diver-
sity. Biological Reviews, 40: 510-533.

Malone B. J., McQueen D. J. 1983. Horizontal
patchiness in zooplankton populations in
two Ontario kettle lakes. Hydrobiologia,
99: 101-124.

Margalef D.R. 1958. Information theory in ecol-
ogy. General Systems, 3: 36- 71.

Mergeay J., Verschuren D., De Meester L. 2005.
Cryptic invasion and dispersal of an Ameri-
can Daphnia in East Africa. Limnology and
Oceanography, 50: 1278-1283.

Mergeay J., Verschuren D., DeMeester L. 2005.
Daphnia species diversity in Kenya, and a
key to the identification of their ephippia.
Hydrobiologia, 542: 261- 274.

Nogrady T., Segers H. 2002. Rotifera. Vol-
ume 6. Asplanchnidae, Gastropodidae,
Lindiidae, Microcodidae, Synchactidae,
Trochospohaeridae and Filinia. Guides to
the Identification of the Microinvertebrates
of the Continental Waters of the World 18.
Backhuys Publishers, Leiden.

Paidere J., Skute R. 2011. Virpotaji (Rotifera) un
to fauna Latvija. Daugavpils Universitate,
Daugavpils.

Pinel-Alloul B. 1995. Spatial heterogeneity as

a multiscale characteristic of zooplankton
community. Hydrobiologia, 300/301: 17-42.

17



Brakovska A.

Pinel-Alloul B., Niyonsenga T., Legendre P.
1995. Spatial and environmental components
of freshwater zooplankton structure.
Ecoscience, 2-19.

Pontin R. M. 1978. A Key to the Freshwater
Planktonic and Semi-planktonic Rotifera
of the British Isles. Freshwater Biological
Association Scientific Publication, No. 38.

Quinn P.G., Keough M. J. 2002. Experimental
Design and Data Analysis for Biologists
Cambridge University Press. Pp. 556.

Radwan S., Bielanska-Grajner 1., Ejsmont-
Karabin J. 2004. Wrotki (Rotifera). Fauna
stodkowodna Polski. Polskie Towarzystwo
Hydrobiologiczne. Universytet £odzki.
Oficyna Wydawnicza Tercja: Lodz. Pp. 447

Rivier I.K. 1998. The predatory Cladocera
(Onychopoda: Podonidae, Polyphemidae,
Cercopagidae) and Leptodoridae of the
world. Backhuys Publ. Amsterdam. Pp. 213.

Ruttner-Kolisko A. 1974. Plankton Rotifers. Bi-
ology and Taxonomy. Négeleu. Obermiller:
Stutgart. Pp. 146

Schwerdtfeger R. 1975. Okologie der Tiere,
Synodkologie. P. Parey Verlag, Hamburg
and Berlin.

Scourfield D. J., Harding J. P. 1994. A Key to the
British Species of Freshwater Cladocera,
with Notes on their Ecology. Freshwater
Biological Association Scientific Publica-
tion, No. 5.

Seda J., Devetter M. 2000. Zooplankton com-
munity structure along a trophic gradient in
a canyon-shaped dam reservoir. Journal of
Plankton Research 22, 10: 1829—-1840.

Segers H. 1995. Rotifera. Vol. 2. The Lecanidae
(Monogononta). Guides to the Identification
of the Microinvertebrates of the Continental
Waters of the World 6. SPB Academic
Publishing, The Netherlands.

18

Segers H. 2007. Annotated checklist of the
rotifers (Phylum Rotifera) with notes on
nomenclature, taxonomy and distribution.
Zootaxa, 1564: 1-104.

Shurin J.B., Winder M., Adrian R., Keller W.,
Matthews B., Paterson A.M., Paterson M.,
Pinel-Alloul B., Rusak J.A., Yan N. 2010.
Environmental stability and lake plankton
diversity: contrasting effects of chemical
and thermal variability. Ecology Letters,
13(4): 453- 463.

Sloka N. 1981. Latvijas PSR dzivnieku noteicgjs:
Latvijas kladoceru (Cladocera) fauna un
noteicgjs. LSU, Riga.

Smirnov N.N. 1996. Cladocera: the Chydorinae
and Sayciinae. Backhuys Publ. Amsterdam.
Pp. 197.

Sutela T. Huusko A. 1997. Food consumption of
vendace Coregonus albula larvae in Lake
Lentua, Finland. Journal of Fish Biology,
51:939-951.

Tallberg P., Horppila J., Vdisdnen A., Nurminen
L. 1999. Seasonal succession of hyto-
plankton and zooplankton along a trophic
gradient in a eutrophic lake — implications
for food web management. Hydrobiologia,
412: 81-94.

Taylor B.E., DeBiase A. E., Mahoney D. L.
1993. Development of the zooplankton as-
semblage in a new cooling reservoir. Archiv
fiir Hydrobiologie, 128: 129- 148.

Viljanen, M. 1983. Food and food selection of
cisco (Coregonus albula L.) in a dysoligo-
trophic lake. Hydrobiologia, 101: 129-138.

Weider L. J., Pijanowska J. 1993. Plasticity of
Daphnia life histories in response to chemi-
cal cues from predators. Oikos, 67: 385-392.

Wetzel R. G. 2001. Limnology. Lake and River
Ecosystems. 3rd edn. Academic Press.



Daphnia cucullata Sars, 1862 (Crustacea: Cladocera) distribution and location in composition of zooplankton.....

Wetzel R. G., Likens G. E. 2000. Limnological
Analyses. Springer Science, Business Media,
New York.

Kytnkosa JI. A. 1970. Kanosparku aynst CCCP.
Jlennnrpan: Hayxa. Pp. 743.

Kyruxosa JI. A., Crapo6oraros f.1. 1977.
Onpenenurenns IPECHOBOAHBIX €BPONEHCKOI
yactn CCCP (mmankToH m OGeHTOC).
Jlennnrpan: 'mapomerousnar. Pp. 512

Jlazapesa B. U. 2010. Crpykrypa u
JMHAMHKa 300TJIaHKTOHA PBIOMHCKOTO
Bogoxpanmuma. Mocksa: ToBapumiecTso
Hay4HBIX W3qaHui. Pp. 183.

Manyiinosa E.®. 1964. BeTBuctoycele pauku
¢paynsr CCCP. Mocksa: Hayka. Pp. 328.

OmnpenenauTenb 300IIaHKTOHA B 3000€HTOCA
npecHbIx Box EBponeiickoit Poccun. 2010.
Tom 1. 3oonnmanktoH. ToBapumecTBo
HayuHbIX n3ganuii KMK: Mocksa- CaHKT-
[etepOypr. Pp. 494

OnpenenuTens TPeCHOBOIHBIX OE3MT03BOHOYHBIX
Poccun u conpenensHeix ctpad. Tom 2.
Proobpasznusie. 3oonornuecknii MacTuTyT
PAH, 1995. Pp. 627.

IInnraiiko M.A. 1984. 30011aHKTOH BOJOESMOB
Espomnetickoii vact CCCP. Mocksa: Hayka.
Pp. 207.

Cmupnos H.H. 1979. Kapuunonoruueckuit
aHanu3. B kaure: YacTHbIe METOIbI H3yUEHUS
HCTOPHHU COBPEMEHHBIX DKOCHCTEM. MOCKBa:
Hayxka. Pp. 100- 121.

Received: 20.10.2014.
Accepted: 25.11.2014.

19



