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Abstract

Traykov, I., B. Boyanovsky and M. Zivkov, 2011. Composition and abundance of zooplankton 
in Kardzhaly reservoir. Bulg. J. Agric. Sci., 17: 501-511

The zooplankton community structure in “Kardzhaly” reservoir (South-East Bulgaria) was studied from July 
2000 to November 2002. The seasonal cycles and population dynamics of the main taxonomic groups are described 
and discussed. The zooplankton community was composed of 12 species of Rotifera, 13 species of Cladocera, 7 
species of Copepoda, 1 species of Ostracoda, 1 species of Cnidaria (Coelenterata), 1 species of Hydracarina and 
1 species of Ciliata. The abundance of the zooplankton increases, 5 times on average, between the limnetic and 
the riverine zone of the reservoir. The Copepoda dominated the limnetic zone, closely followed by Cladocera, 
while in the transitional and the riverine zones the opposite was true. The zooplankton community was mostly 
crustacean, with the following perennial species: Kellicottia longispina and Keratella cochlearis from the Ro-
tifera; Daphnia longispina, Bosmina longirostris and Bosmina coregoni from the Cladocera, as well as Cyclops 
vicinus, Eudiaptomus gracilis and the nauplii and copepodites of the Copepoda. Some relationships were found 
between the trophic state, the reservoir exploitation and the zooplankton community.
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Introduction

Deep valley reservoirs are characterized by an 
elongated morphometry and pronounced longitu-
dinal physical and chemical gradients imposed by 
the river inflow (Lind et al., 1993). The existence 
of such gradients in water quality and trophic state 
in reservoirs influences the horizontal distributions 
of phytoplankton (Fernandez-Rosado et al., 1994; 
Hejzlar and Vyhnalek, 1998) and zooplankton 
(Seda and Devetter, 2000; Fernandez-Rosado 

and Lucena, 2001) along the reservoir axis. Zoo-
plankton communities are highly sensitive to 
environmental variation. As a result, the changes 
in their abundance and composition can provide 
important indications of environmental change or 
disturbance (Gannon and Stemberger, 1978; Bays 
and Crisman, 1982; Pejler, 1983; Guntzel et al., 
2002). Nonetheless, variable responses of zoo-
plankton to thophic status are common (Hanson 
and Peters, 1984, Ravera, 1996; Pinto-Coelho et 
al., 2005). Naidenov and Baev (1987) suggested, 
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that the gradient of the planctonic communities 
along the reservoirs reflects their succession ac-
cording to the trophic state in different zones of the 
reservoirs. Several works have been published in 
the last decade concerning Kardzhaly Reservoir: 
the spatial heterogeneity of physical and chemi-
cal parameters and their effect on trophic state 
(Traykov et al., 2003), on the influence of the ex-
ploitation regime and the environmental factors on 
the spatial changes of the zooplankton abundance 
(Traykov et al., 2005), on the factors, determining 
the trophic state of reservoir (Traykov, 2005) and 
on the phytoplankton composition (Belkinova et 
al., 2007). The aim of this paper is to present data 
on the composition and abundance of the zoo-
plankton in Kardzhaly reservoir, and to analyze 
its temporal and spatial distribution in relation to 
the trophic state gradient in the reservoir.

Materials and Methods

Kardzhaly reservoir is located in southeast 
Bulgaria at 41o37’ N latitude and 25o20’ E lon-
gitude. It is the second largest (V=532.9 x 106 
m3; A=16.07 km2), deep (Zmax=74, Zm=33), 
hydroelectric (106.4 MW) impoundment in Bul-
garia with watershed area of 1882 km2. Average 
theoretical residence time is approximately 200 
days. The reservoir consists of a major basin 
receiving waters from Arda River and an embay-
ment on the inflow of Borovitsa River. The major 
basin is morphometrically divided into three sub-
basins: deep-broad part, canyon-shaped part and 

shallow broad part, corresponding respectively 
to lacustrine, transitional and riverside zones in 
the reservoir. Arda River supplies ca. 90 % of the 
reservoir’s annual water load. 

Sampling was carried out at 5 stations (Figure 
1). Sixteen observations were conducted in the 
lacustrine zone (eight occasions in 2001 and as 
many in 2002), 14 in the transitional zone, and 11 
in the riverside zone of the reservoir. 

Integrated samples from the epilimnion were 
collected for physicochemical analyses using stan-
dard methods and equipment (Wetzel and Likens, 
2000). On site measurements of water transpar-
ency (Secchi disc visability), dissolved oxygen 
(WTW OXI 196), electrical conductivity and pH 
(HI 98129) were conducted. Chemical analysis 
of water samples included total phosphorus (TP) 
and total nitrogen (TN) concentrations (colori-
metrically after CracTest digestion in autoclave, 
MERCK – PMB methods 14848 and 14773, cor-
respondingly), chlorophyll-a (acid corrected, ISO 
10260) and total alkalinity (ISO 9963-1. 2000). 
Non-algal turbidity (NAT, m-1) was calculated 
as: 1/Secchi – 0.025[Chlorophyll-а] according to 
Walker (1985). 

The zooplankton samples were collected with 
quantitative plankton net (“Juday” – 120 µm mesh 
size) by averaging two vertical hauls taken from 
the whole depth at the station. The samples were 
fixed with formaldehyde to a final concentration of 
approximately 4%. Zooplankton was counted and 
identified microscopically in a counting chamber 
according to the procedures described in Harris 
et al. (2000). All taxa were identified down to the 
lowest possible taxonomic level. 

Descriptive statistics were conducted for the 
studied variables. All analyses were performed 
using Statistica 6.0 software. 

Results and Discussion

Physicochemical environment
We present data on selected physical and chemi-

cal variables at the different sampling stations in 
Fig. 1. Map of Kardzhaly reservoir with positions

of the sampling stations
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Table 1
Average values of the main physicochemical variables along the reservoir
          

 
Sampling stations

1 2 3 4 5
SD m-1 3.52 3.36 2.61 1.8 1.6
pH 8.01 7.98 7.92 7.85 7.96
EC µS.cm-1 190.4 188.6 172.2 167.5 180.1
DO mg.l-1 9 9.2 9.5 10 9.5
TA meq.l-1 1.26 1.24 1.17 1.2 1.24
TP mg.l-1 0.075 0.06 0.125 0.129 0.112
DIN mg.l-1 0.66 0.6 0.44 0.64 0.63
Chl-a µg.l-1 5 4.8 6 8.5 12.7
NATm-1 0.185 0.215 0.401 0.584 0.421
n* 16 16 14 14 11
*- number of observations

Kardzhaly reservoir (Table 1). Kardzhaly reservoir 
is a warm monomectic water body with relatively 
long period of stratification – nine months. The 
stratification pattern and the morphometric charac-
teristics of the reservoir determine the pronounced 
longitudinal differences of the main physicochemi-
cal parameters. The ionic ration of N: P changes 
from 30 in the riverside zone to 50 in the lacustrine 
one, indicating that phosphorus is most likely the 
limiting nutrient. 

The trophic state of the reservoir also changes 
from eutrophic to slightly mesotrophic between the 
inflow and the dam part of the reservoir (Traykov 
et al., 2003).

Zooplankton composition 
The total number of zooplankton identified in 

the reservoir was 36 taxa (at genus and species 
level), of which: 12 Rotifera, 13 Cladocera, 7 
Copepoda, 1 Ostracoda, 1 Cnidaria (Coelenterata), 
1 Hydracarina and 1 Ciliata (Table 2).  The taxa 
identified show a wide ecological valence and 
are commonly distributed in the big reservoirs in 
Bulgaria.

Although the reservoir is characterized with 

relatively small number of observed taxa in com-
parison to the rest of the Bulgarian reservoirs - 109 
species (Naidenow, 1984), it still has the highest 
taxa richness compared to the reservoirs situated 
further down the river course. 

This has already been noted by Naidenow 
(1984), who states that the reservoirs from the 
Lower Arda River Cascade have the poorest 
species composition in Bulgaria due to the short 
retention time of the reservoirs. As the retention 
times and the observed taxa are as follows: for the 
Ivailovgrad Reservoir – 31 days and 12 species, 
for the Stouden kladenec Reservoir – 120 days and 
25 species, and for the Kardzhaly Reservoir – 205 
days and 36 taxa, we can confirm the relationship 
between the two parameters. Although, 2 new spe-
cies have been identified recently in Ivailovgrad 
Reservoir (Kozuharov, personal communication), 
the relationship still holds true.    

The perennial species among the zooplankton 
are Rotifers Kellicottia longispina and Keratella 
cochlearis, the Cladocerans Daphnia longispina, 
Bosmina longirostris and Bosmina coregoni, as 
well as the Copepods Cyclops vicinus and Eud-
iaptomus gracilis. 
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Table 2
Zooplankton taxa found in the pelagic zone of Kardzhaly reservoir
   
Ciliata Daphnia galeata Sars
Vorticella sp. Daphnia s. lat. longispina O.F.Muller
Cnidaria Daphnia sp. juv.
Craspedacusta sowerbyi Ceriodaphnia quadrangula (O.F.Muller)
Arachnida Ceriodaphnia reticulata (Jurine)
Hydracarina sp. Leptodora kindti (Focke)
Rotifera Bosmina s. lat longirostris O.F.Muller
Trichocerca sp. Bosmina coregoni Baird
Brachionus sp. Leydigia s.str. leydigii Leydig
Keratella cochlearis (Gosse) Chydorus sphaericus O.F.Muller
Keratella quadrata frenzeli (Eckstein) Alona sp.
Keratella quadrata quadrata Copepoda
Kellicottia longispina (Kellikott) Cyclops vicinus Uljanin
Synchaeta sp. Acanthocyclops robustus (Sars)
Asplanchna priodonta Gosse Acanthocyclops vernalis (Fisher)
Asplanchna sp. Thermocyclops crassus (Fisher)
Filinia longiseta (Ehrenberg) Diaptomus castor Jurine 
Polyarthra dolichoptera Idelson Eudiaptomus gracilis (Sars)
Polyarthra vulgaris Carlin Copepodites cyclopoida
Cladocera Nauplii
Diaphanosoma brachiurum Lieven Ostracoda
Daphnia s. lat. pulex Leydig Ostracoda spp.
Daphnia cuculata Sars  

Zooplankton abundance 
The zooplankton abundance increased ap-

proximately six times between the lacustrine and 
the riverside zones in the reservoir (Figure 2). 
The highest mean abundance for the period of 
investigation was encountered at station 5 – 26300 
ind.m-3, and the lowest – at station 2 – 4700 ind.m-3. 
The total numbers of the zooplankton in 2002 de-
creased between stations 5 and 4 more than twice 
(to 10300 ind.m-3), and between stations 4 and 3 
by 1/3 – (6300 ind.m-3).

A slight increase to 5600 ind.m-3 was observed 
at station 1, due to a combined effect of the specific 
morphometric, hydrodynamic and hydrochemical 
parameters of the region close to the dam. The 

main differences in the mean annual zooplankton 
numbers between 2001 and 2002 (as well as be-
tween stations) are observed in the riverside zone 
of the reservoir. In 2001 between stations 5 and 
2 the zooplankton abundance decreased steadily 
from 13 000 ind.m-3 to 5 900 ind.m-3

 and stayed 
more or less stable further on to the dam station. 
The most pronounced differences were observed 
in 2002 between stations 5 and 4, with a decrease 
from 42 900 ind.m-3 to 10 300 ind.m-3. The abun-
dance at stations 1 and 4 remained the same as 
in 2001, while almost a double decrease of the 
abundance was observed at stations 2 and 3 in 
comparison to those observed in 2001. 

Although there is an increase of the total zoo-
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Fig. 2. Changes in the annual abundance 
of the zooplankton in the five sampling 

stations and between the years of observation
plankton numbers along the reservoir, different 
trends are observed in the changes of the annual 
abundance of the zooplankton groups (Figure 3). 

Rotifera: The abundance of Rotifera varies 
broadly. In 2001 the density ranged from 4 to 6300 
ind.m-3, and in 2002 from 7 to 17 000 ind.m-3. The 
lowest densities were found in winter in the lacus-
trine zone and the maximum – during the summer 
in the riverside zone. The mean annual abundance 
of the Rotifera declines approximately three 
times between sampling stations 5 and 1 (to 1300 
ind.m-3). At the same time, their relative abundance 
triples to aproximately 30% (Figure 3). The most 
abundant rotifers are Kellicottia longispina, Fil-
inia longiseta and the representatives of the genus 
Asplanchna.  F. longiseta develops predominantly 
in the lacustrine zone, while Asplanchna sp. and 
K. longispina mostly in the transitional and the 
riverine zones. The rest of the rotifers are found 
sporadically at sampling sites 4 and 5 in the tran-
sitional zone. 

Cladocera: The Sididae family appears in the 
reservoir only at water temperatures higher than 
14оС, usually from late May to November. In 2001 
the density of the family changed from 30 ind.m-3 
at station 1 (June) to 5300 ind.m-3 at station 5 

(October), while in 2002 - from 5 to 3700 ind.m-3, 
correspondingly for November (station 1) and June 
(station 5). The mean annual abundance of the fam-
ily is relatively constant along the reservoir, with a 
slight increase in station 5. Their relative abundance 
decreases steadily between the lacustrine (14%) 
and the riverside zones (6.5%). We have observed 
a consecutive development of the families Sididae 
and Daphnidae throughout the year, which accord-
ing to Ferrara et al. (2002) could be attributed to 
competitive interactions between the species. The 
most abundant from the Daphnidae family are 
Daphnia s. lat. longispina and Daphnia cuculata, 
while the occurrence of Daphnia s. lat. pulex is low 
all over the reservoir (Figure 3).

The genus Ceriodaphnia is sparsely represented, 
with a peak development in the summer at stations 4 
and 5. The predaceous cladocerian Leptodora kindti 
is found between May and November throughout 
the reservoir, with a maximum in the transitional 
zone at the end of the period of stable stratification 
(September). In 2001 the density of the Daphnidae 
family changed between 20 ind.m-3 at station 3 to 6 
000 ind.m-3 at station 4, while in 2002 from 54 to 12 
000 ind.m-3 at station 5. The mean annual density in-
creases between the dam and the river inflow more 
than 4 times to 3 000 ind.m-3, while the maximum 
of their relative abundance is at station 3 – 23% and 
gradually declines toward stations 1 and 5 to 13% 
and 11%, correspondingly. The abundance of the 
Bosminidae family is mostly formed by the Bosmi-
na longirostris, which is one of the most important 
species in the transitional zone. Its lowest density in 
2001 was at station 1 – 5 ind.m-3 (February), and the 
maximum on July at station 3 – 10 800 ind.m-3. In 
2002 the corresponding figures were (21 ind.m-3) in 
April at station 4 and (95 100 ind.m-3) at station 5 in 
June. The family is characterized with the strongest 
longitudinal gradient of its mean annual abundance, 
with an increase of more than 60 times between 
the lacustrine and the fluvial part of the reservoir 
(Fig. 3). The density increases from 200 ind.m-3 to 
12 300 ind.m-3, and the relative abundance – from 
3.5% to 47%. The co-existence of the B. coregoni 
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Fig. 3. Density variations and relative abundance of the major components of the zooplankton in the five 
sampling stations. ROT - Rotifera; DAPH - Daphnidae; SID - Sididae; BOSM - Bosminidae; 

CYC - Cycolpoida; CAL - Calanoida
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and B. longirostris in Kardzhaly reservoir is due 
to the highly pronounced longitudinal gradients 
of the physicochemical and biological variables 
along the reservoir, as well as with depth. The cold 
hypolimnetic waters in the lacustrine zone provide 
the environment for the development of B. coregoni 
even during the summer months, when the species 
of the family develop mostly in the hypolimnion. 
The co-existence of the two species, according to 
Ravera (1996) is due to the fact, that Bosmina core-
goni is more likely to be crio-stenothermic species 
from the central and northern European regions, but 
not a strict indicator of oligotrophic conditions, as 
described by Mikulski (1978) and Karabin (1985b). 
As typical bento-planktonic dwellers, the species 
of the fam. Chydоridae are a minor component of 
the plankton. The density of Chydorus sphaericus 
is maximal in the riverside zone, while Leydigia 
s. str. leydigii prevails in the lacustrine part. The 
peak of the Chydоridae family was in July 2001 
(80 ind.m-3), with mean values seldom exceeding 
10 ind.m-3 for the lacustrine and 30 ind.m-3 for the 
riverside zone. 

Copepoda: The species from sub-order Cy-
clopoida are with highest densities in the riverside 
zone (station 5) – 17 400 ind.m-3 (June 2002). 
The density of the sub-order gradually decreases 
toward the dam. The changes in the numbers of the 
cyclopoids along the reservoir reflect the gradient 
of the trophic state between the riverside and the 
lacustrine zones (Karabin, 1985a). The prevalence 
of sub-order Cyclopoida over sub-order Calanoida 
in the riverside zone is determined by the eutrophic 
state of this part of the reservoir. The co-existence 
of the Acanthocyclops vernalis and Acanthocy-
clops robustus in the reservoir is worth noting, 
as both species have different environmental 
requirements. This, again, is a result of the highly 
diversified habitat in the big dendrite reservoirs. 
The sub-order Calanoida is represented mostly 
by Eudiaptomus gracilis. The abundance of the 
sub-order was relatively stable along the reservoir, 
with minimal densities of 30 ind.m-3, and maximal 
- 5800 ind.m-3 both at station 1 on February and 

July, 2001. The mean annual density of the sub-
order changes between 1200 ind.m-3 at station 1 
to 1700 ind.m-3 at station 5, which in contrast to 
the overall increase of the zooplankton abundance, 
leads to a decrease in their relative abundance 
from 22% to 6%, correspondingly. Similar to B. 
coregoni, Diaptomus castor is a typical northern 
species, reported occasionally for water bodies in 
south Bulgaria (Naidenov, 1966). The geographic 
locations of the big southern reservoirs in Bulgaria, 
which serve as resting points for migratory birds, 
determine the possibilities for avail transfer and 
development of typical northern species. 

Other planktonic organisms: The ciliates are 
frequently observed in the upper parts of the res-
ervoir, attached to detritus particles, and, in some 
occasions, as an epibionts on different species 
from order Copepoda. Throughout the period of 
stable stratification and temperatures above 24оС 
(June - August) the freshwater jellyfish Craspeda-
custa sowerbyi is found in the limnetic zone of 
the reservoir. According to Jankowski and Ratte 
(2001) C. sowerbyi is effective predator, which at 
higher abundances could alter the structure and 
the density of the crustacean zooplankton. Taking 
into account the relatively low densities of the 
freshwater jellyfish and the predatory Cladocera 
Leptodora kindti, we could expect their share into 
the predatory press to be low in comparison to 
that exerted by the zoo-planktivorous fish. Their 
significance as predators could be higher in the 
side arms of the reservoir, where their abundance 
could be higher than in the plelagial. A singular 
observation of Hydracarina sp. was made in the 
riverside zone of the reservoir in June 2002 at the 
station close to the Arda river inflow.

Zooplankton seasonal trends
Seasonal variation in the abundance of the ma-

jor zooplankton groups showed some differences 
between the lacustrine, transitional and riverside 
zones in the reservoir (Figure 4). 

The zooplankton numbers are low in winter, 
increase in spring and decline again in late autumn. 
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Fig. 4. Density variations of zooplanktonic groups in the different zones of the reservoir during the study 
period: A) - lacustrine zone; B) - transitional zone; C) - riverine zone and D) - average for the reservoir

A spring density maximum (March) is observed 
at all stations, primarily in the development of 
Rotifera and Copepoda – cyclopoida and nauplii. 
In April we have observed a sharp decline in the 
zooplankton abundance at all stations. This is most 
likely due to the rapid increase of the water level 
in the reservoir (on average 6.5 m), consequently 
of the volume of the epilimnion. This leads to di-
lution of the zooplankton numbers to a seemingly 
lower abundance.    

After the stabilization of the water level and the 
increase in temperature, a second summer peak 
in the zooplankton numbers is observed along 
the reservoir. The timing of this peak shifts with 

approximately a month toward the dam – from 
May-June in the riverside to July-August in the 
lacustrine zones.

Zooplankton spatial heterogeneity 
The vertical distribution of the zooplankton was 

studied in the lacustrine zone of the reservoir. As 
in the case with most Bulgarian reservoirs, an ep-
ilimnetic maximum was observed (Lyudskanova, 
1967; Naidenow, 1984; Naidenow and Baev, 1987; 
Kozuharov, 1996). On average, more than 80% 
of the zooplankton was concentrated in the upper 
mixed layer. 

The Rotifera prevailed slightly in the hypolim-
nion – 60%, Calanoida and Cyclopoida were con-

A B

C D
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Fig. 5. Variation of the average density of zooplanktonic groups at different stations in the reservoir 
during the study period: A) - station 1; B) - station 2; C) - station 3; D) - station 4 and E) - station 5

Rotifera Cladocera Copepoda

centrated exclusively in the epilimnion, with more 
than 90% and 80% of their numbers found there. 
Throughout the summer the daphniids prevailed 
in the epilimnion (76%), while with the autumnal 
deepening of the termocline, 56% of its numbers 
were found in deeper layers. The only component 
of the zooplankton which develops predominantly 
in the hypolimnion is the Bosminidae family – ap-
proximately 70%.

The main reason for the epilimnetic distribu-
tion of the zooplankton could be attributed to the 
strong metalimnetic gradients of the temperature 
and oxygen. The long period of stratification fa-
cilitates the establishment of extreme metalimnetic 
minimum of the oxygen concentration, with a 
formation of anoxic layer of moderate thickness 
(7m) (Traykov, 2005).  This confirms the findings 
of Hrabacek (1984) and Ravera (1996), according 
to which the main factor determining the epilim-

netic development and the vertical migrations 
of the zooplankton in the reservoirs is the depth 
distribution of the oxygen.   

The horizontal distribution of the zooplankton 
along the reservoir, both in space and in time, 
reflects the gradient in the physical and chemi-
cal variables and the corresponding increase in 
the trophic state from the dam to the Arda river 
inflow.  

In the reverie and the transitional zones, the 
Cladocerans are the most significant component 
of the zooplankton, followed by the Copepods 
and the Rotifers (Figure 5). This type of distribu-
tion of the main groups is described by Naidenov 
(1984) as standard for the Bulgarian reservoirs. 
The author points an upper value of 63% for the 
relative abundance of Cladocera. In Kardzhaly 
reservoir, due to the mass development of family 
Bosminidae, this value is exceeded in the reverie 

A B C

D E



510 I. Traykov, B. Boyanovsky and M. Zivkov

zone (stations 5). In the lacustrine zone the rela-
tive abundance of order Copepoda increases, and 
at station 2 it equals sub-order Cladocera, while 
at station 1 it is with 25% higher. The relative 
abundance of the Rotifers was highest at station 2 
(31%), probably due to the influence of the cage 
fish farm and the overall decrease in the density 
of the zooplankton.  

The prevalence of order Copepoda at station 1 
is determined mostly by the high densities of sub-
order Calanoida. According to Karabin (1985a, b), 
the abundance of the Calanoids increases between 
the reverie and the lacustrine zones, parallel to 
the overall decrease of trophic state in this direc-
tion in the reservoirs. Our results also confirm the 
conclusions of Ravera et al. (1986) and McNaugh 
(1975) that state the abundance of the Cladocerans 
increases with the increase in the trophic state, both 
in time and space (Figure 5). 

The food limited limnetic zone favors the devel-
opment of k-strategy (Calanoida) than the smaller 
r-strategy zooplankters (fam Bosminidae), which 
prevail under unstable conditions in the reverie 
and the transitional zones. Additional prerequisite 
for the fast development of the fam. Bosminidae 
(Bosmina longirostris) in the upper parts of the 
reservoir is their capability to ingest detritus par-
ticles, together with the attached bacteria, as an 
alternative food source (Muller, 1985).

Although there are no previous data for the 
composition and abundance of the zooplankton 
in Kardzhaly reservoir, our results confirm the 
general trends observed in deep reservoirs and 
lakes. Both, composition and abundance indicate 
that the different zones in Kardzhaly reservoir have 
features corresponding to the trophic gradient – from 
moderate to high productivity.  
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