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Abstract
The aim of the present study was to trace the influence of some environmental factors (w.temperature,
wind, transparency, depth) on the distribution of zooplankton communities in the system Reservoir Mandra and the ecotone zones formed at the confluence of rivers Fakiyska, Sredetska, Izvorska and Rusokastrenska. Four samplings were performed at seven sites between February 2020 and January 2021. After
determining the species composition and abundance, the results were subjected to structural analysis
and Canonical Correspondence Analysis (CCA). A total of 67 taxa were identified, constituting about
48% of the Rotifera group, 27% of Cladocera and 19% of the Copepoda and only 6% from Protozoa.
The Shannon-Weaver index for individual species diversity was between 2.37 and 0.62. The positive and
negative correlation of zooplankton distribution in CCA shows that the relative abundance of any species
depends on specific environmental variables. Analysis showed that temperature and wind had the strongest impact on the distribution of zooplankton.
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Introduction
The distribution of aquatic organisms in the environment is the result of influences of
biotic and abiotic factors as well as of the interactions between the organisms in the
different parts of the food webs (Menge and Sutherland 1976; Arnott and Vanni 1993;
Harley 2003; Abdul et al. 2016; Carter et al. 2017). Many authors have discussed the
influence of wind and other abiotic factors on holo-polymictic water basins (George
and Edwards 1976; Karabin et al. 1997; Naidenov 1998; Pehlivanov et al. 2004; Güher et al. 2011; Traykov and Vladimirova 2015; Güher 2016; Ismail and Adnan 2016,
Tyor et al. 2018; Hayee et al. 2021).
Shallow and deep lakes are affected differently by weather conditions and shallow polymictic fresh water ecosystems are particularly vulnerable to climate warming
(Mooij et al. 2005, 2007; Tuvikene et al. 2011; Jeppesen et al. 2014; Haberman and
Haldna 2017).
Zooplankton is not included in the European Union Water Framework Directive
(Directive 2000/60/EC) as obligatory biological quality elements, despite it being considered a key component of pelagic food webs. Many authors such as Stemberger and
Lazorchak (1994), Dodson et al. (2000, 2009), Pehlivanov et al. (2006), Imoobe and
Adeyinka (2009), Caroni and Irvine (2010), Tisheva and Kozuharov (2013), Haberman and Haldna (2014) report that zooplankton can be used as a good indicator in
assessing the trophic status of lakes.
Zooplankton is an integral part of aquatic ecosystems, playing a crucial role in
connecting primary producers and higher trophic levels, such as fish. Zooplankton
communities, on the other hand, are sensitive to changes in their resources and their
predators and therefore reflect the balance of food web processes through body size
distribution and taxonomic composition (Mills and Schiavone 1982; Carpenter et al.
1985; Hansson et al. 2007; Braun et al. 2021).
Mihailova-Neikova (1961) studies the food spectrum of fish in Lake Mandra.
On the basis of this study is clear that the food of all fish species contain species
from Copepoda, Cladocera, Rotifera groups and some chironomid larvae. It can be
concluded that the zooplankton in Mandra Reservoir is a major trophic resource for
both small and large fish.
Reservoir Mandra, situated in Southeastern Bulgaria, is part of the Mandra-Poda
complex, which is a protected area under the two main environmental directives of the
European Union – Directive 92/43 / EEC on the protection of natural habitats and
of wild flora and fauna and Directive 2009/147 / EU Wildlife Conservation. The Via
Pontica bird migration route passes over Mandra.
Earlier studies that were conducted on Mandra Reservoir (Kozuharov et al. 2021)
have shown the high indicative ability of zooplankton to reflect the state of the ecosystem and water quality. The article traces the changes in zooplankton complexes due to
the reconstruction of the coastal lake to the reservoir and the interrupted connection
with the sea. Results indicate an acceleration of the eutrophication process in Mandra
Reservoir. Some previous data that concern plankton in the reservoir have been given
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by Michev and Stoyneva (2007). In the previous research about zooplankton in this
reservoir (Kozuharov et al. 2021), we suggest that there might be a direct link between
the distribution of zooplankton and certain environmental factors, in particular wind.
To test this hypothesis, several field studies of Mandra Reservoir were conducted over
a one-year period.

Materials and methods
Mandra Reservoir covers an area of 33 km2 and the maximum depth reaches 7 m.
The strong winds common to coastal lakes and reservoirs define Mandra as a holopolymictic basin. The four sampling sessions (Feb 20, June 20, Sep 20, Jan 21) were
performed between 1 February 2020 and 1 January 2021, during which qualitative
and quantitative zooplankton samples were collected, as well as data on environmental factors. Our study is focused more on the dynamics in overlapping seasons when
plankton comes under strong environmental pressure. The geographical coordinates of
the sampling points (Fig. 1) were determined by using a Garmin Striker 5DV sonar
with highly sensitive GPS. It was also used to measure the depth of the water body at
the various stations, as well as the temperature. Transparency was measured by Secchi
disc. The values for the wind speed for the period under investigation were taken from
the information page of the National Institute of Meteorology and Hydrology in Bulgaria for the strength of the winds for the region on the respective day.
24 quantitative and 24 qualitative samples were collected by using an Apstein
plankton net 55 µm mesh size and via filtering of 100 dm3 of water through the net.
As the reservoir is shallow, in places between 1 and 2 meters (Table 2), it was not possible to use a Juday net for quantitative samples. Because of this reason, zooplankton
samples, each of 100 dm3 of water, were collected from various spots around each
station by means of a bucket and filtered through an Apstein plankton net. This
method of directly filtering a certain amount of water through Apstein plankton
net is widely used in the study of shallow holo-polymictic standing water bodies
such as the studied reservoir and in ecotone river-reservoir zones (EN–15110: 2006;
Kozuharov et al. 2007; Yakimov et al. 2016; Protasov et al. 2019). Samples, fixed in
4% formalin, were counted by using the method of V. Hensen modified by Dimoff
(1959) and Naidenow (1981). This method includes the following operations, applied to each sample:
• Samples are brought to volume of 100 ml and mixed intensively until all organisms were distributed randomly in the sample volume.
• 5 or 10 ml of sample (depending upon zooplankton density) are taken and
poured in the counting chamber of Dimov for count.
• All the organisms in this sample are counted through the use of stereomicroscope Leyca GZ6.
• The data obtained are then expressed in terms of cubic meters.
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Figure 1. Location of the sampling points on Mandra Reservoir. 1. 42°24.14'N, 27°19.26'E – the
mouth of the Rusokastrenska River; 2. 42°23.19'N, 27°18.84'E – the mouth of the Sredetska River;
3. 42°24.68'N, 27°20.41'E – northern dike; 4. 42°23.57'N, 27°22.57'E – the mouth of the Fakiyska
River; 5. 42°24.15'N, 27°26.06'E – the mouth of the Izvorska River; 6. 42°26.28'N, 27°26.11'E – dam;
7. 42°24.70'N, 27°22.65'E – central part.

We used three indicators that generally characterize the biological completeness of
water through the parameters of the species structure of communities. These indicators
are the Shannon-Weaver index for individual species diversity (H), Simpson’s index of
dominance (c) and the Pielou’s evenness index (e) after Shannon and Weaver (1949),
Pielou (1975). Margalef richness index was also used to express the degree of uniformity in the distribution of individuals among taxa in the study area. De Vries (1937) frequency of occurrence (pF), was calculated in %. A species with an encounter frequency
pF ≥ 70% is considered permanent. Canonical Correspondence Analysis (CCA) was
used in order to determine the influence of environmental variables on the abundance
and distribution of zooplankton (Czerniawski et al. 2013; Abdul et al. 2016). In this
analysis we used the species which are dominant in the abundance of zooplankton.

Results
A total of 67 taxa were identified during the laboratory processing of zooplankton
samples. 10 of them were found in very low quantities only in qualitative samples. The
list of taxa and their frequency of occurrence (pF) for the studied period are presented
in Table 1.
The abundance observed in February and June is relatively low, compared to the
other months (Fig. 2).
In February 2020, the highest numbers had Nauplius with 32 500 ind/m3, measured at sampling point 5. With a slightly lower number, but close in value, are Copepodites-Copepoda and Asplanchna priodonta. The maximum number of Copepodites-
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Table 1. List of zooplankton species found in Reservoir Mandra and their values of pF – frequency of
occurrence for the studied period.
Taxa
pF
Taxa
Testacea
Keratella hiemalis Carlin, 1943
Difflugia sp. Leclerc, 1815
4.17 Notholca squamula (Müller, 1786)
Arcella catinus Penard, 1890
12.50 Lepadella patella (O. F. Müller, 1773)
Ciliatea
Lepadella ovalis (O.F. Müller, 1786)
Stentor polymorphus
4.17 Asplanchna sieboldi (Leydig, 1854)
Stentor roeseli Oken, 1815
4.17 Asplanchna priodonta Gosse, 1850
Rotifera
Trichocerca sp.
Pompholyx complanata Gosse, 1851
79.17 Trichocerca similis (Wierzejski, 1893)
Testudinella sp.
20.83 Trichocerca cylindrica (Imhof, 1891)
Testudinella truncata (Gosse, 1886)
12.50 Trichocerca capucina (Wierzejski & Zacharias, 1893)
Filinia longiseta/ Triarthra longiseta
12.50 Trichocerca pusilla (Jennings, 1903)
(Ehrenberg, 1834)
Filinia terminalis (Plate, 1886)
8.33 Synchaeta sp. Ehrenberg, 1832
Lecane sp.
12.50 Polyarthra sp.
Lecane monostila (Harring & Myers, 1926)
4.17 Polyarthra remata Skorikov, 1896
Lecane luna (Müller, 1776)
4.17 Polyarthra dolichoptera Idelson, 1925
Epiphanes sp.
4.17 Polyarthra vulgaris Carlin, 1943
Euchlanis sp.
4.17 Polyarthra minor Voigt, 1904
Brachionus angularis Gosse, 1851
20.83 Polyarthra major Burckhardt, 1900
Brachionus calyciflorus Pallas, 1776
8.33 Cladocera
Keratella cochlearis (Gosse, 1851)
100.00 Diaphanosoma lacustris Korjinek, 1981
Keratella tecta (Gosse, 1851)
75.00 Bosmina longirostris (O. F. Müller, 1776)
Keratella quadrata (Müller, 1786)
54.17 Bosmina kessleri Uljanin, 1874
Bosmina coregoni Baird, 1857
83.33 Harpacticoida genus sp. G. O. Sars, 1903
Daphnia cucullata G.O. Sars, 1862
58.33 Cyclops sp.
Daphnia galeata G. O. Sars, 1864
37.50 Cyclops c.f. insignis
Daphnia pulex (O.F. Müller, 1785)
4.17 Tropocyclops prasinus (Fischer, 1860)
Daphnia sp. Juv.
12.50 Copepodites-Copepoda
Ceriodaphnia quadrangula (O.F. Müller, 1785)
4.17 Nauplius
Simocephalus vetulus (O.F. Müller, 1776)
4.17
Alona guttata Sars, 1862
8.33
Alonella nana (Baird, 1850)
4.17
Chydorus sp.
4.17
Chydorus sphaericus (O.F. Müller, 1776)
79.17
Chydorus latus G.O.Sars, 1862
4.17
Chydorus sp. Juv.
4.17
Pleuroxus sp. Baird, 1843
4.17
Leptodora kindti (Focke, 1844)
8.33
Copepoda
Eudiaptomus gracilis (Sars, 1862)
50.00
Cyclops strenuus Fischer, 1851
12.50
Cyclops vicinus Uljanin, 1875
29.17
Thermocyclops crassus (Fischer, 1853)
37.50
Acanthocyclops sp.
4.17
Acanthocyclops americanus (Marsh, 1893)
16.67

pF
75.00
8.33
4.17
8.33
50.00
50.00
4.17
33.33
4.17
25.00
4.17
12.50
20.83
62.50
62.50
62.50
16.67
8.33
33.33
12.50
54.17
4.17
4.17
8.33
12.50
100.00
100.00

Copepoda is 23 200 ind/m3, also measured at sampling point 5, and for A. priodonta,
respectively, 20 400 ind/m3, measured at sampling point 7.
Dominant in number in June 2020 are three taxa, with maximum numbers as
follows – Nauplius – 172 800 ind/m3, at sampling point 3, Chydorus sphaericus – 102
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Table 2. Hydrological values measured in Mandra Dam in the period 02.2020–01.2021.
date-sampling point
Feb 20-S4
Feb 20-S5
Feb 20-S6
Feb 20-S7
June 20-S1
June 20-S2
June 20-S3
June 20-S4
June 20-S5
June 20-S6
Sep 20-S1
Sep 20-S2
Sep 20-S3
Sep 20-S4
Sep 20-S5
Sep 20-S6
Sep 20-S7
Jan 21-S1
Jan 21-S2
Jan 21-S3
Jan 21-S4
Jan 21-S5
Jan 21-S6
Jan 21-S7

depth (m)
1.10
1.70
3.00
2.30
1.50
1.50
1.80
1.20
1.50
3.80
1.50
1.50
1.80
1.20
1.50
3.80
3.20
2.00
1.50
2.00
2.60
1.30
3.70
4.00

transparency Secchi (cm)
50
150
130
65
40
40
45
50
60
60
30
30
35
30
35
35
30
70
80
45
65
90
70
75

wind (m/s)
6
6
6
6
0
0
0
0
0
0
4
4
4
4
4
4
4
8
8
8
8
8
8
8

t (°C)
7.7
8.4
7.5
6.2
26
25
22
22
22
26
20.38
18.7
19.8
20.14
20.17
20.5
20.35
10.2
10
10.4
10.15
10.6
9
9.9

Figure 2. General zooplankton abundance in Mandra Reservoir for the studied period.

813 ind/m3, at sampling point 2, Polyarthra vulgaris – 72 500 ind/m3, measured at
sampling point 5.
In September 2020, the highest numbers had Keratella cochlearis – 339 000 ind/
3
m , measured at sampling point 5, Polyarthra vulgaris – 156 000 ind/m3, at sampling
point 5, Nauplius – 136 000 ind/m3, measured sampling point 3.
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Figure 3. General zooplankton biomass in Mandra Reservoir for the studied period.

While in the other seasons the dominants are followed by other species with a
slightly smaller value, in January the absolute dominant for the Mandra Reservoir is K.
cochlearis. The maximum number of 1 282 000 ind/m3 was measured at S2.
The highest and the lowest biomass within the four samplings were measured in
June (Fig. 3), respectively, at sampling point 2 with 3013 mg/m3 and at sampling
point 4 with 8.4 mg/m3. The high biomass of station 2 is due to the high number
of relatively large Cladocera C. sphaericus. This is euribiont, a species with a cosmopolitan distribution.
The ratio between the species composition of the different zooplankton groups
during the four periods is shown in Fig. 4.

Figure 4. Percent species composition of different plankton groups (February 2020, June 2020, September 2020, January 2021).
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Results of Shannon-Weaver diversity index (H), Simpson’s index of dominance (c),
Pielou’s evenness index (e) and Margalef richness index are shown in Fig. 5. It can be
seen that the trends of all indices are relatively constant during the different periods
except in June, when the values vary a lot.
For the study period, the Shannon-Weaver diversity index ranged between 0.52
at station 3 in June and 2.37 at station 6 in September. These are comparatively low
values of the index. The degree of dominance index was always inversely proportional
to the individual species diversity index. Its value was lowest at station 6 in September
(0.13) and highest at station 3 in June (0.75). This was the period of higher abundance
in the larval stages – Nauplius and Copepodites-Copepoda.
The Margalef richness index varies between 1.23 at station 4 in June and 4.09 at
station 7 in January. In general, there is a relatively constant trend between stations for
different periods, except for the June series. Then the index varies between 1.23 (station
4) and 3.26 (station 1). This trend is also observed in Pielou’s evenness index. The maximum and minimum values were reported at the same time – June, at station 5 (0.78)
and at station 3 (0.25). High values of Pielou’s index are registered when and where
abiotic factors often change and a species or group of species cannot be dominant.
The CCA (Fig. 6) of the samples and dominant zooplankton taxa abundance revealed that temperature, depth, transparency and wind correlated best with the first
axis 1, which accounted for a total variance of 91.45%. It was positively correlated
with depth, transparency and wind, but negatively correlated with temperature. Axis
2, showed 7.22% variation, and it was positively correlated with temperature, and
negatively correlated with the other factors.

Figure 5. Shannon-Wiener diversity index (H), Simpson’s index of dominance (c), Pielou’s evenness
index (e) and Margalef richness index after Shannon and Weaver (1949), Pielou (1975), (S1, S2, S3, S4,
S5, S6, S7 – sampling points).
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Figure 6. Canonical correspondence analysis (CCA) triplot for the ecological correlations between dominant zooplankton taxa in Mandra Reservoir and some environmental variables. (S1, S2, S3, S4, S5, S6,
S7 –sampling points).

Discussion
Some species like Keretella quadrata, Brachionus angularis, Trichocerca pusilla, Filinia
longiseta are considered indicative of advance processes of eutrophication (Imoobe and
Adeyinka 2009). These 4 species were recorded in the species composition of Mandra
Reservoir during our study.
The ratio between the groups of zooplankton taxa in different seasons and the predominance of the species diversity of organisms from the Rotifera type confirm the observations in the dominant complexes from a previous study (Kozuharov et al. 2021), which
indicate the effects of eutrophication. Light rotifers K. cochlearis showed strong correlation (0.76) with wind in January. Nauplius and Copepodites of Copepoda are strongly
influenced by the summer temperature when they are also the dominant group. The same
tendency can be seen from the structural analysis. Ch. sphaericus, which is indicatory species of eutrophic waters, showed strong correlation with warm water in September.
The analysis also shows that depth is not essential for the distribution of zooplankton
in this shallow polymictic basin. It showed weak positive correlation (0.09) with Axis 1.
According to one of the biocoenotic principles formulated by Thienemann (1931),
for aquatic communities, as early as 1920, the more variable the abiotic conditions of
a place, the richer in the species is the local community (Sladecek 1973).
The rare zooplankton taxa established only in qualitative samples could be called
casual components. Their quantities are lower than the range of quantitative parameters of the samples. That means very rare components.
Probably the main reason for the comparatively low values of the Shannon –
Weavers index is the stabile dominant species and complexes that have high quantitative values in the reservoir of zooplankton. The obtained high values of the index of
dominance confirm that conclusion.
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The significant differences in the values of the Simpson’s index of dominance show
that different conditions were observed in various parts of this comaratively large (in surface) reservoir during different samplings and seasons. Environmental factors have a great
influence, but, on the other hand, the low diversity and richness values might be result
of fish predation on site 3 and 4, moreover the observed data corresponded with lowest
zooplankton biomass at the seasons (Fig. 3). The presence of small rotifers and the lack
of large cladoceras and copepods might be an indirect sign of planktivorous fish pressure
(Mihailova-Neikova 1961; Carpenter et al. 1985; Stemberger and Lazorchak 1994; Imoobe and Adeyinka 2009) and coincides right after the breeding period of the fish species.
The results reveal the fish spawning and feeding key zones and should be used to increase
the efficiency of the conservation measures in a protected area, the part of the European
ecological network Natura 2000 and site of the “Via Pontica” bird migration route.
Winter and summer conditions show characteristics of two different water basins. Water basins in which Rotifera predominate go from mesotrophic to eutrophic. Large zooplankton organisms from the group Copepoda like Cyclops strenuus and Eudiaptomus gracilis, which have the highest biomass in winter, are typical indicators for mesotrophic conditions in the reservoir. As a whole, the conditions in the studied shallow artificial water body
are very dynamic during different seasons, which determines the dynamics in the structure
and the distribution of zooplankton complexes of the zooplankton in Mandra Reservoir.

Conclusions
Based on the results of our study and taking into account relevant data from numerous
zooplankton studies, we can conclude that the zooplankton can be used as key indicator
in the monitoring of shallow holo-polymictic water bodies such as Mandra Reservoir.
The results obtained for the calculated structural indices are normal for mesotrophic and eutrophic water basins. The obtained high values of the diversity index are determined by the more diverse habitat conditions along the reservoir and ecotone zones
of the inflowing rivers. However, biotic interactions may have adverse impact on the
formation of a community structure and should be the next step in our investigation.

References
Abdul WO, Adekoya EO, Ademolu KO, Omoniyi IT, Odulate DO, Akindokun TE, Olajide AE (2016) The effects of environmental parameters on zooplankton assemblages in
tropical coastal estuary, South-west, Nigeria. Egyptian Journal of Aquatic Research 42(3):
281–287. https://doi.org/10.1016/j.ejar.2016.05.005
Arnott SE, Vanni MJ (1993) Zooplankton assemblages in fishless bog lakes: Influence of biotic
and abiotic factors. Ecology 74(8): 2361–2380. https://doi.org/10.2307/1939588
Braun LM, Brucet S, Mehner T (2021) Top-down and bottom-up effects on zooplankton
size distribution in a deep stratified lake. Aquatic Ecology 55(2): 527–543. https://doi.
org/10.1007/s10452-021-09843-8

Zooplankton complexes in Mandra Reservoir

353

Caroni R, Irvine K (2010) The Potential of Zooplankton Communities for Ecological Assessment of lakes: Redundant Concept or Political Oversight? Biology and Environment
110B(1): 35–53. https://doi.org/10.1353/bae.2010.0025
Carpenter S, Kitchell J, Hodgson J (1985) Cascading trophic interactions and lake productivity. Bioscience 35(10): 634–638. https://doi.org/10.2307/1309989
Carter JL, Schindler DE, Francis TB (2017) Effects of climate change on zooplankton community interactions in an Alaskan lake. Climate Change Responses 4(1): e3. https://doi.
org/10.1186/s40665-017-0031-x
Czerniawski R, Pilecka-Rapacz M, Domagała J (2013) Zooplankton communities of interconnected sections of lower River Oder (NW Poland). Central European Journal of Biology 8: 18–29. https://doi.org/10.2478/s11535-012-0110-8
De Vries M (1937) Methods used in plant sociology and agricultural botanical grassland research. Herbage Reviews 5: 76–82.
Dimoff I (1959) Improved quantitative method for the counting of plankton. Dokladi na Bulgarskata Akademiâ na Naukite 12: 2–3. [In Russian, French summary]
Dodson SI, Arnott SE, Cottingham CL (2000) The relationship in lake communities between primary productivity and species richness. Ecology 81(10): 2662–2679. https://doi.
org/10.1890/0012-9658(2000)081[2662:TRILCB]2.0.CO;2
Dodson SI, Newman AL, Will-Wolf S, Alexander ML, Woodford MP, Van Egeren S (2009)
The relationship between zooplankton community structure and lake characteristics in
temperate lakes (Northern Wisconsin, USA). Journal of Plankton Research 31(1): 93–100.
https://doi.org/10.1093/plankt/fbn095
Directive 2000/60/EC (2000) The European Parliament and of the Council of 23 October
2000 establishing a framework for Community action in the field of water policy. Official
Journal L 327[22.12.2000]: 0001–0073.
George D, Edwards RW (1976) The effect of wind on the distribution of chlorophyll a and
crustacean plankton in a shallow eutrophic reservoir. Journal of Applied Ecology 13(3):
667–690. https://doi.org/10.2307/2402246
Güher H (2016) A faunistic study on Cladocera and Copepoda (Crustacea) species of Gala
Lake (Edirne). Trakya University Journal of Natural Sciences 17: 1–5. http://dergipark.
ulakbim.gov.tr/trkjnat/article/download/5000108643/5000167883
Güher H, Erdoğan S, Kırgız T, Çamur-Elipek B (2011) The dynamics of zooplankton in National Park of Lake Gala (Edirne-Turkey). Acta Zoologica Bulgarica 63: 157–168.
Haberman J, Haldna M (2014) Indices of zooplankton community as valuable tools in
assessing the trophic state and water quality of eutrophic lakes: Long term study of
Lake Võrtsjärv. Journal of Limnology 72(2): 61–71. https://doi.org/10.4081/jlimnol.2014.828
Haberman J, Haldna M (2017) How are spring zooplankton and autumn zooplankton influenced by water temperature in a polymictic lake? Proceedings of the Estonian Academy of
Sciences 66(3): 264–278. https://doi.org/10.3176/proc.2017.3.03
Hansson LA, Nicolle A, Brodersen J, Romare P, Anders Nilsson P, Brönmark C, Skov C (2007)
Consequences of fish predation, migration, and juvenile ontogeny on zooplankton spring
dynamics. Limnology and Oceanography 52(2): 696–706. https://doi.org/10.4319/
lo.2007.52.2.0696

354

Eleonora Fikovska et al. / BioRisk 17: 343–355 (2022)

Harley CDG (2003) Abiotic stress and herbivory interact to set range limits across a twodimensional stress gradient. Ecology 84(6): 1477–1488. https://doi.org/10.1890/00129658(2003)084[1477:ASAHIT]2.0.CO;2
Hayee S, Arshad S, Sundas R, Akhter N, Sulehria AQK (2021) Diversity analysis of Rotifers
from temporary spring pools of Jallo Park, Lahore, Pakistan. Pakistan BioMedical Journal
2: 33–39. https://doi.org/10.52229/pbmj.v2i1.31
Imoobe T, Adeyinka M (2009) Zooplankton-based assessment of the trophic state of a tropical forest river in Nigeria. Archives of Biological Sciences 61(4): 733–740. https://doi.
org/10.2298/ABS0904733I
Ismail A, Adnan A (2016) Zooplankton composition and abundance as indicators of eutrophication in two small man-made lakes. Tropical Life Sciences Research 27(3): 31–38. https://
doi.org/10.21315/tlsr2016.27.3.5
Jeppesen E, Meerhoff M, Davidson TA, Trolle D, Søndergaard M, Lauridsen TL, Beklioglu M,
Brucet S, Volta P, González-Bergonzoni I, Nielsen A (2014) Climate change impacts on lakes:
An integrated ecological perspective based on a multi-faceted approach, with special focus on
shallow lakes. Journal of Limnology 73(s1): 88–111. https://doi.org/10.4081/jlimnol.2014.844
Karabin A, Ejsmont-Karabin J, Kornatowska R (1997) Eutrophication processes in a shallow, macrophyte-dominated lake – factors influencing zooplankton structure and density in Lake Łuknajno
(Poland). Hydrobiologia 342: 401–409. https://doi.org/10.1023/A:1017003810282
Kozuharov D, Evtimova V, Zaharieva D (2007) Long-term changes of zooplankton and dynamics of eutrophication in the polluted system of Strouma River – Pchelina Reservoir
(South-western Bulgaria). Acta Zoologica Bulgarica 59: 191–202.
Kozuharov D, Fikovska E, Stanachkova M (2021) Population dynamics and structure of zooplankton community of Mandra Reservoir, Bulgaria. Ecologia Balkanica 13: 93–104.
Menge BA, Sutherland JP (1976) Species-diversity gradients – Synthesis of roles of predation, competition, and temporal heterogeneity. American Naturalist 110(973): 351–369.
https://doi.org/10.1086/283073
Michev T, Stoyneva M (2007) Inventory of Bulgarian wetlands; Part 1: Non-lotic wetlands.
Publ. House Elsi-M, Sofia, 364 pp.
Mihailova-Neikova M (1961) Hydrobiological research of the Mandra Lake with regard to its
importance as a fishing ground. Annuaire de l�Universitè de Sofia, Facultè de Biologie.
Gèologie et Gèographie 53(1): 57–122. [in Bulgarian]
Mills E, Schiavone Jr A (1982) Evaluation of fish communities through assessment of zooplankton populations and measures of lake productivity. North American Journal of Fisheries Management 2(1): 14–27. https://doi.org/10.1577/1548-8659(1982)2%3C14:EOF
CTA%3E2.0.CO;2
Mooij W, Hülsmann S, De Senerpont Domis L, Nolet B, Bodelier P, Boers P, Pires LMD, Gons
HJ, Ibelings BW, Noordhuis R, Portielje R, Wolfstein K, Lammens EHRR (2005) The
impact of climate change on lakes in the Netherlands. A review. Aquatic Ecology 39(4):
381–400. https://doi.org/10.1007/s10452-005-9008-0
Mooij W, Janse J, De Senerpont Domis L, Hülsmann S, Ibelings B (2007) Predicting the effect
of climate change on temperate shallow lakes with the ecosystem model PCLake. Hydrobiologia 584(1): 443–454. https://doi.org/10.1007/s10750-007-0600-2

Zooplankton complexes in Mandra Reservoir

355

Naidenov V (1998) Struktur und horizontalverteilung des zooplanktons in zwei kustenseen am
Schwarzen Meer in Nordostbulgarien (Schabla-See und Ezerez –See). In: Golemanski V,
Naidenow W (Eds) Biodiversity of Shabla lake system (symp. of papers).
National Institute of Meteorology and Hydrology in Bulgaria (2021) National Institute of Meteorology and Hydrology in Bulgaria, 51–68. https://www.meteo.bg/bg
Naidenow W (1981) Changes of the structure in the fresh waters biocoenosis as integrative
index for the anthropogenic influence. Hydrobiology 15: 3–8. [In Bulgarian]
Pehlivanov L, Tzavkova V, Naidenov W (2004) The Metazoan plankton of the Biosphere Reserve Srebarna Lake (North-Eastern Bulgaria). Lauterbornia 49: 99–105.
Pehlivanov L, Tzavkova V, Vasilev V (2006) Development of the zooplankton community in
the Srebarna Lake (North-Eastern Bulgaria) along the process of ecosystem rehabilitation.
Proceedings 36th International Conference of IAD. Austrian Committee Danube Research
/ IAD, Vienna, 280–284.
Pielou E (1975) Ecological Diversity. John Wiley and Sons, New York, 165 pp.
Protasov A, Barinova S, Novoselova T, Sylaieva A (2019) The aquatic organisms diversity, community structure, and environmental conditions. Diversity (Basel) 11(10): e190. https://
doi.org/10.3390/d11100190
Shannon CE, Weaver W (1949) The mathematical theory of communication. Urban. Univ.
Illinois Press, Illinois, 125 pp.
Sladecek V (1973) System of water quality from the biological point of view. Archiv für Hydrobiologie (Beiheft), 218 pp.
Stemberger R, Lazorchak J (1994) Zooplankton asemblage responses to disturbance gradients. Canadian Journal of Fisheries and Aquatic Sciences 51(11): 2435–2447. https://doi.
org/10.1139/f94-243
Thienemann A (1931) Der Productionsbegrieff in der Biologie. Archiv für Hydrobiologie 22:
616–622.
Tisheva M, Kozuharov D (2013) Structure of the Zooplankton Communities from Several Water Bodies in Natura 2000 Zones. Bulgarian Journal of Agricultural Science 19: 246–249.
Traykov I, Vladimirova M (2015) Relationships between trophic state and physicochemical
variables of some standing water bodies on the territory of East-Aegean River Basin Directorate, Bulgaria. Bulgarian Journal of Agricultural Science 21: 126–136.
Tuvikene L, Nõges T, Nõges P (2011) Why do phytoplankton species composition and “traditional” water quality parameters indicate different ecological status of a large shallow lake?
Hydrobiologia 660(1): 3–15. https://doi.org/10.1007/s10750-010-0414-5
Tyor A, Kumar P, Tanwar S (2018) Preliminary investigation of physico-chemical parameters
and plankton biodiversity of recreational lake Tilyar, Rohtak (Haryana) India. Journal
of Biological and Chemical Research 35: 80–90. http://jbcr.co.in/Current_Issue/Volume%2035%20(1)%20Part%20A,%20January%20to%20June%202018/10.%20Manuscript%20corrected%2080-90.pdf
Yakimov B, Shurganova G, Cherepennikov V, Kudrin I, Ilin M (2016) Methods for comparative assessment of the results of cluster analysis of hydrobiocenoses structure (by the example of zooplankton communities of the Linda River, Nizhny Novgorod region). Inland
Water Biology 9(2): 200–208. https://doi.org/10.1134/S1995082916020164

