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Abstract

TRAYKOV, I. and M. VLADIMIROVA, 2015. Relationships between trophic state and physicochemical variables 
of some standing waterbodies on the territory of East-Aegean river Basin directorate, Bulgaria. Bulg. J. Agric. Sci., 
Supplement 1, 21: 126–136

The objectives of the study were to describe the physicochemical variables and to assess the trophic state of the reservoirs 
Ovcharitsa, Byal Kladenets, Skalitsa, Zhrebchevo and the fi shponds of Nikolaevo. Sampling was conducted at four occasions 
between April and August 2013. The concentrations of nutrients and the Carlson’s trophic state indices were used to assess the 
trophic state of the water bodies. The trophic state spans over several trophic categories – from oligo-mesotrophic to hypertro-
phic, with majority of the water bodies being eutrophic. Very strong positive correlation was observed between the transpar-
ency and the chlorophyl trophic state indices. Weaker, but still strong correlation was observed between the transparency and 
the phosphorus trophic state indices. The relationships between the trophic state indices depended on the depth of the water 
body and the infl uence of the heated waters from the thermal power station “Maritsa Iztok-2”. The trophic state of the water 
bodies depends not only on the amount of the available nutrients, but also on the circulation pattern and the length of the veg-
etation period. The thermal pollution from large steam electric power plants not only changes the environmental factors, but 
also the relationships between the physicochemical variables and the biological communities in the water bodies. Our results 
show the different response of the studied variables in thermally infl uenced water bodies, compared to different unaffected by 
heated waters systems.
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Introduction

The major part of the inland waters in Bulgaria are small 
and shallow artifi cial lakes (Michev and Stoyneva (eds.), 
2007), however, the investigations of lentic water bodies is 
dominated by researches in the big, multipurpose reservoirs 
(Naidenow (1970); Saiz (1981; 1987); Naidenov (1984); 
Naidenov and Baev (1987); Beshkova (1996); Beshkova and 
Botev (1994); Kalchev (1994; 1999); Kalchev et al. (1996; 
2003; 2004); Kalchev and Boumbarova (1996); Kozuharov 
(1994; 1996; 1999); Traykov (2005); Kozuharov et al. (2007; 
2009). These studies revealed that different aspects such as 

geographical position and morphometry play an important 
role in determining the lake trophic state and corresponding 
biological communities. The relationship between the envi-
ronmental variables and the trophic state of the water bodies 
is extensively studied and described in the big reservoirs, es-
pecially in the temperate regions where distinct seasonality 
is an annual occurrence (Reynolds, 1984; Elliott et al., 2002; 
Grover and Chrzanowski, 2006). On the other hand, anthro-
pogenic environmental alterations, such as nutrient pollu-
tion, agricultural runoff, cage and open water fi sh farming, 
as well as changes in the thermal regimes of the water bodies 
induce modifi cations in the physical and chemical character-
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istics of the water, as well as in the biological communities 
(Yoshev, 1972; Zhivkov and Groupcheva, 1987; Hubenov, 
2005; Cheshmedjiev et al., 2010; Stanachkova et al., 2010; 
Kalff, 2002; Pearl and Huisman, 2008; Elliott et al., 2006; 
Elliott and May, 2008; Elliott, 2012a и Elliott, 2012b; Stoy-
chev and Danova, 2012). 

In order to evaluate the infl uence of different environ-
mental alterations on the relationship between the main 
physicochemical variables and the trophic state of the reser-
voirs, we selected water bodies with different management 
and exploitation regimes. 

Our aims were to: (i) provide data and test the relation-
ships between the selected physicochemical parameters in 
defi ned water bodies in the East Aegean Basin Bulgaria, and 
(ii) determine the infl uence of different management and ex-
ploitation regimes on the relationship between the physico-
chemical variables, the biological variables and the trophic 
state of the water bodies. 

Materials and Methods

Four reservoirs on the territory of the East Aegean River 
Basin Directorate: Ovcharitsa (Ov), Byal Kladenets (BK), 
Skalitsa (SK) and Zhrebchevo (Zhr), as well as the fi shpond 
complex of Nikolaevo (NF) were investigated in April, May, 
June and August 2013. 

The reservoirs Ovcharitsa, Byal kladenets and Skalitsa 
are part of a complex used to supply and recirculate waters 
for additional water cooling for the steam electric power 
plant (SPP) Maritsa Iztok II. The water used as a coolant 
is withdrawn from the dam part of Ovcharitsa reservoir and 
consequently returned to the Byal Kladenets from where it 
fl ows back again into the middle sections of Ovcharitsa reser-
voir. The waters lost through evaporation are replenished by 
the transfer of river waters from Tundzha River by the open 
canal Hanovo – Skalitsa reservoir – Ovcharitsa reservoir. 
The fi shpond complex of Nikolaevo is situated upstream of 
Zhrebchevo reservoir on Tundzha River. The morphometric 
characteristics of the water bodies are given in Table 1. Dur-
ing the sampling period the bottom sluices-gate of Skalitsa 

reservoir was under reconstruction, and the water level in the 
reservoir was kept low.

The sampling was done on one main site in the deepest 
part of the reservoirs and from the biggest water basin in the 
fi shpond complex. Additional sampling sites were selected 
in the reservoirs as follows: two additional sampling sites in 
the middle and the upper part of Ovcharitsa reservoir; two 
additional sampling sites in the middle and the upper part 
of Zrebchevo reservoir and one additional sampling site in 
the upper part of Byal kladenets reservoir. The data from the 
main sites is used in the comparison between the reservoirs, 
while the data from the additional sampling sites is used to-
gether with the main stations data in the assessment of the 
relationships between the studied variables within the water 
bodies. At each sampling station, fi eld measurements were 
made of physical variables including temperature, dissolved 
oxygen, pH, specifi c conductance and Secchi disk visibility. 
Integrated water samples were taken from the epilimnion, 
according to Wetzel and Likens (2000) for laboratory de-
termination of chemical variables including total alkalinity 
(ISO 9963-1) and nutrients concentrations: total and phos-
phate phosphorus (EN ISO 6878); ammonium nitrogen (ISO 
7150/1); nitrate and total nitrogen (MERCK – PMB method 
14773). Biological variables included chlorophyll-a (ISO 
10260) and phytoplankton abundance (Bürker hemocytom-
eter chamber and a straight light microscope). Carlson’s tro-
phic state indices (TSI) were used to assess the trophic state 
of the water bodies (Carlson, 1977; Carlson and Simpson, 
1996). TSI values between 40 and 50 are associated with 
mesotrophic conditions, between 50 and 70 with eutrophic 
conditions, while below 40 and above 70 – with oligotrophic 
and hypertrophic conditions, respectively.

Descriptive statistics, Spearman rank correlation and re-
gression analysis were performed using PAST software. 

Results and Discussion

Physicochemical variables
We present data on selected physicochemical variables in 

the studied water bodies grouped in two complexes – Zhreb-
Table 1
Attributes of the water bodies, included in the study
Reservoir Elevation, m a.s.l. Surface aria, km2 Max. depth, m–1 Volume, m3 × 106 Average depth, m–1

Ovcharitsa 135 6.3 15 45 7.2
Byal kladenets 138 3.2 12 6.3 11.9
Skalitsa 143.5 u.n. 8.5 (≈ 1.5*) 11.1 (u.n.*) ≈ 0.7*
Zhrebchevo 260 25.8 41 400 15.5
Nikolaevo fi shponds 265 2.84 4 u.n. u.n.

* – approximate parameters at low water level; u.n. – unknown
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chevo complex (Zhr and NF) and Ovcharitsa complex (Ov, 
BK and SK) (Table 2), and the correlation matrix between 
the main variables (Table 3).

Comparison of water temperatures showed clear differ-
entiation between the water bodies. The thermally infl uenced 
reservoirs (Ov and BK), have higher ranges of temperature 
fl uctuations (14 and 14.9°C) as well as higher maximum 
temperatures. Minimum and maximum temperatures ob-
served in this group were 17.2°C in April at Ov and 33.9°C 
in August at BK, respectively (Figure 1). The infl uence of 
the SPP on the thermal regime of the reservoirs in this com-

plex is toward prolonging the growth season in contrast to 
the comparable reservoirs in the region. Average tempera-
tures in 2013 were signifi cantly lower (2.8°C and 4.3°C, re-
spectively) at Ov and BK reservoir stations as compared to 
the observed in the beginning of the 1980’s by Zhivkov and 
Groupcheva (1987). 

Temperatures at SK station were typically 2 to 3°C lower 
than at Ov and BK reservoir stations, with a range of 12°C 
and a maximum of 29.3°C. The temperature regime at SK 
station is infl uenced mostly by the transfer of waters from 
Tundzha River, which brings in cooler river waters.  

Table 2
Physicochemical variables and biological attributes at main sampling station in the studied water bodies. AM – arithmetic 
mean; CV% – coeffi cient of variation
       Water                
body
Variable

Zhrebchevo – 
(Zhr)

Nikolaevo fi shponds 
– (NF)

Ovcharitsa –  
(Ov)

Skalitsa – 
(SK)

Byal kladenets – 
(BK)

AM CV% AM CV% AM CV% AM CV% AM CV%
T°C 22.1 24.1 24.3 21.0 25.9 23.7 24.7 21.1 28.1 23.7
O2% 115.3 9.8 135.5 19.1 124.3 37.1 161.8 43.7 100.1 19.0
O2 mg/l 10.0 6.0 10.9 14.4 10.1 36.0 14.1 54.1 8.0 24.3
SD m 3.6 69.9 0.5 58.1 1.8 12.0 0.4 26.1 1.1 11.0
pH 8.60 4.0 8.69 3.8 8.58 1.6 8.94 2.4 8.54 1.2
EC μS/cm 304.5 10.4 371.75 9.2 824 1.9 691.5 28.9 835.75 2.3
PO4-P mg/l 0.03 0.0 0.05 31.6 0.12 46.4 0.10 109.3 0.13 51.6
NH4-N mg/l 0.07 23.6 0.22 106.9 0.07 42.1 0.12 77.0 0.06 59.2
NO3-N mg/l 1.8 54.1 2.3 29.9 1.8 44.7 2.0 30.3 2.1 21.2
TP mg/l 0.06 21.9 0.37 72.4 0.23 43.9 0.44 32.7 0.25 33.5
TN mg/l 2.5 38.6 4.1 21.7 2.5 28.4 3.5 18.4 2.7 17.5
TA meq/l 2.35 17.5 2.81 10.9 4.01 5.4 3.90 18.4 4.05 4.3
N × 103 cells/ml 30.5 99.0 361.2 66.6 27.4 88.5 352.6 67.2 66.1 61.3
Chl-а μg/l 8.12 67.7 161.91 117.9 12.07 46.1 161.89 49.2 22.95 45.2
TSI(Chl) 48.4 19.7 75.3 15.3 54.3 8.3 79.5 6.4 60.7 6.5
TSI(Sd) 44.1 23.4 73.1 12.2 51.6 3.3 75.0 4.6 58.2 2.7
TSI(TP) 62.3 5.5 85.9 14.1 81.1 8.3 91.2 5.3 83.3 5.9
Avrg TSI 51.6 13.5 78.1 13.7 62.3 4.9 81.9 4.4 67.4 3.4

Table 3 
Correlation matrix between physicochemical variables and biological attributes in the water body complexes – Ovcharitsa 
complex (grey shading) and Zhrebchevo complex (no shading). The signifi cant correlations (p < 0.05) are in bold
 Chl-а, μg/l SD, m N, cells/ml O2, mg/l T. oC ЕС, μS/cm pH
Chl-a, μg/l 1 –0.427 0.951 0.651 0.211 0.410 0.534
SD, m –0.604 1 –0.539 –0.309 –0.450 –0.082 –0.689
N, cells/ml 0.802 –0.569 1 0.560 0.215 0.511 0.524
O2, mg/l 0.532 –0.257 0.609 1 –0.276 0.282 0.266
T, °C –0.200 0.044 –0.010 –0.441 1 –0.027 0.634
ЕС, μS/cm –0.594 0.279 –0.367 –0.206 0.099 1 –0.267
pH 0.779 –0.493 0.704 0.643 –0.186 –0.653 1
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Average growth season temperatures were signifi cantly 
lower (3.8°C to 6.1°C) at NF and Zhr stations than at ther-
mally infl uenced reservoir stations. Minimum and maximum 
temperatures observed in this group were 14.3°C and 27.4°C 
in Zhr and NF, respectively. Temperatures range is minimum 
at NF station (10.7°C), but comparable to the range at Zhr 
reservoir station (11.3°C). The temperature regime of this 
complex is unaffected by thermal pollution, with stronger in-
fl uence of the river waters at NF station and slower increase 
of surface temperatures in the limnetic zone of Zhrebchevo 
reservoir.

Dissolved oxygen levels varied from 5.7 mg.l–1 at Ov 
station to 24.7 mg.l–1 at SK station (Figure 1). The average 
oxygen levels at thermally infl uenced reservoir stations de-
pended mostly on the water temperature (Table 3), with low-
est average oxygen levels (8 mg/l) at BK station. 

In the rest of the water bodies, the average oxygen levels 
depended on the phytoplankton development. The maximum 
oxygen levels at SK station were observed during the phyto-
plankton bloom in the reservoir. Differences with time were 
typically minimal at Zhr and NF stations, as evident by the 
low coeffi cient of variation, than at the thermally infl uenced 
stations. The average oxygen level at Ov station in 2013 

was 0.4 mg/l lower than the observed in 1981 (Zhivkov and 
Groupcheva, 1987), while at Zhr station it was 2.0 mg/l high-
er, compared to the average from the corresponding periods 
from 2000 to 2012 (REI, 2013), and 1.5 mg/l higher than the 
observed by Kalchev et al. (2013) in the period 2009-2011. 
The latter authors also observed a tendency of increasing 
oxygen levels and relate it to the invasion of the Dreissena 
polymorpha mussels in the reservoir. Our results suggest that 
oxygen levels in the water bodies are controlled mainly by 
the amount of the phytoplankton. Near-surface oxygen val-
ues, at all sampling stations, almost always exceed saturation 
levels due to photosynthesis within the euphotic zone. In rare 
cases oxygen content dropped below saturation levels at Ov 
and BK reservoir stations due to rapid increase in tempera-
tures, and correspondingly the respiration and decomposi-
tion of organic matter.

Water clarity, as indicated by Secchi disk visibility, gen-
erally decreased with the reduction of depth of the sampling 
station. Thus, mean visibility (Table 2) increases in the order 
SK, NF, BK, Ov and Zhr stations, though the lowest vis-
ibility (0.2 m) was observed in August at NF station, dur-
ing a massive phytoplankton bloom (Figure 2). The highest 
visibility (7m) was observed at Zhr station in April. In the 
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present study the mean transparency at Zhr station is 7% 
lower than the reported by Kalchev et al. (2013) and 3 times 
higher than the sited by Size fore the reservoir (Saiz, 1981). 
The slight difference between our results and the reported 
by Kalchev et al. (2013) is most probably due to the dif-
ferent periods of sampling. Nonetheless, our results confi rm 
the observed by the author’s signifi cant increase in the water 
transparency after the invasion of D. polymorpha. 

Overall mean pH values for the sampling period varied 
from 8.1 to 9.1 pH units at Zhr and, both, SK and BK reser-
voir stations, respectively (Figure 2). The lowest variability 
was observed at the reservoir stations in the Ovchritsa com-
plex, where average coeffi cient of variation was less than 
2%, while in Zhrebchevo complex it was approximately 4%. 
In our study the pH values are by 0.5 units higher than the 
observed by Kalchev et al. (2013).

Overall mean specifi c conductance (ЕС μS/cm) shows 
clear differentiation between the two complexes. In the 
Ovcharitsa complex the mean specifi c conductance ranges 
from 691 to 835 μS/cm during the sampling period (Figure 
3). The highest variability was observed at SK reservoir sta-
tion due to the input of river waters through the supply canal. 

Specifi c conductance values differed between Ov and BK 
stations sampled during the same day, with higher values ob-
served at BK. Throughout the sampling season the specifi c 
conductance increased at the thermally infl uenced stations 
and decreased at Zhr reservoir station. The opposite trends 
are due to increase in the concentration of the total dissolved 
solids through evaporation at thermally infl uenced Ov and 
BK stations, and due to biological decalcifi cation throughout 
the active growth season at Zhr station. 

Total alkalinity varied within the range of 1.9 to 4.6 
meq/l. Mean total alkalinity values were similar at thermally 
infl uenced reservoir stations – 3.9, 4.01 and 4.05 meq/l at 
SK, Ov and BK, respectively (Figure 4). The mean TA val-
ues in Zhrebchevo complex were 2.35 and 2.81 meq/l at Zhr 
and NF stations. Total alkalinity values varied little at Ov 
and BK stations and their variation increased at NF and Zhr 
stations. Similar to the specifi c conductance, the variation of 
the TA values was maximal at SK station due to the infl u-
ence of the river water input. The observed differences of 
alkalinity with time at some stations were a result of biologi-
cal decalcifi cation throughout the active growth season or, as 
defi ned by Wetzel (1983), due to photosynthetic utilization 
of CO2 in the trophogenic zone. 

Concentrations of ammonium nitrogen (NH4-N), nitrate 
nitrogen (NO3-N), and total nitrogen varied within the fol-
lowing ranges: NH4-N, 0.03 to 0.52 mg/L; NO3-N, 0.8 to 3.2 
mg/L; and total nitrogen, 1.6 to 4.9 mg/L (Figure 4). Con-
sistent differences associated with reservoir complexes and 
water body uses were apparent. The highest values (Table 2) 
of the mean concentrations of ammonium, nitrate and total 
nitrogen were at the intensive aquaculture sites – NF station, 
followed by the SK station. The lowest mean values were 
measured, usually, at the deepest stations Zhr and Ov. Only 
the lowest mean value of the ammonium nitrogen was mea-
sured at the thermally infl uenced BK station.   

Orthophosphate phosphorus and total phosphorus con-
centrations during the sampling period ranged from less than 
0.03 to 0.27 mg.l–1 and from 0.04 to 0.67 mg.l–1, respectively. 
Orthophosphate phosphorus and total phosphorus content of 
samples collected from the thermally infl uenced stations 
shows consistent increasing trends with time. Total phos-
phorus concentrations showed higher values at the SK and 
NF stations due to the constant fertilization and input of fi sh 
food in the fi sh basins.

The mean concentration of orthophosphate phosphorus 
at OV station was comparable to the reported values in 1981 
by Zhivkov and Groupcheva (1987) and higher than the re-
ported concentrations for the period 1968-1970 (Yoshev, 
1972). The amount of ammonium nitrogen doubled and that 
of nitrate nitrogen tripled since 1981 at Ov station.  This is 
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mostly due to the concentration of the dissolved solids by 
evaporation with time. Zhivkov and Groupcheva (1987) 
have noted signifi cant increase of the major ions, including 
the nutrients, as well as of the organic content of the waters 
in Ovcharitsa reservoir since the works of Yoshev (1972). 
Obviously, the main effect of sustained higher temperatures, 
due to thermal pollution, on the chemical variables is the in-
crease of the dissolved solids with time. 

The comparison of the mean values of the chemical vari-

ables in Zhrebchevo reservoir with the mean values for the 
water body, available from the national monitoring program 
for the period between 2000 and 2012 (REI, 2013), showed no 
differences, except for the amount of nitrate and total nitrogen, 
which are signifi cantly higher at the present study. The mean 
values of the variables are, generally, comparable also to the 
reported by Kalchev et al. (2013) and confi rm the observed 
by the author’s tendencies, in the values of the chemical vari-
ables, due to the invasion of D. polymorpha in the reservoir.
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Biological variables
Chlorophyll-a (Chl-a) content of samples during the 

sampling period ranged from 1.6 to 440 μg.l–1 at Zhr and NF 
stations, respectively. Mean Chl-a values were equal at both 
fi sh farms stations, 161.9 μg.l–1 at SK and 162 μg.l–1 at NF. 
The lowest mean value was observed at Zhr reservoir station 
– 8.1 μg.l–1, while the thermally infl uenced stations had mean 
values of 22.9 μg.l–1 and 12 μg.l–1 at BK and Ov, respectively 
(Table 2). Chl-a levels at Ov and SK stations peaked in April 
and August, with a decline in between. A single peak was 
observed at BK station in May during a reduced production 
of electricity due to maintenance works at the SPP (Figure 
5). Chl-a content at NF was highly variable and gradually 
increased throughout the sampling period. The peak of Chl-a 
content at Zhr station was in June.

The mean Chl-a content at the stations with minimum 
variance, Zhr and Ov, were similar to the mean values re-
ported by the REI for the period 2008/2012 – 7.4 μg.l–1 and 
11 μg.l–1, for Zhr and Ov stations, respectively (REI, 2013).  

Phytoplankton abundance during the sampling period 
ranged from 1.1 × 103 to 708 × 103 cells.ml–1at Zhr and NF 
stations, respectively (Table 2, Figure 6). The abundance at 

Ov reservoir station changed between 9.7 × 103 and 63 × 
103 cells.ml–1, respectively in May and July. At BK station 
the minimum abundance values of 19.4 × 103 cells.ml–1 were 
observed in April, followed by a 5.5 fold increase to a maxi-
mum value of 117.8 × 103 cells.ml–1in May. 

Phytoplankton abundance at SK station is character-
ized by strong bimodal distribution throughout the growth 
season. The maximum abundance of 643 × 103 cells.ml–1 

developed in April during a phytoplankton bloom. In May 
the abundance crashed to its minimum value of 102.5 × 103 

cells.ml–1, followed by a secondary peak of 434 × 103 cells.
ml–1 in August. The abundance of the phytoplankton is also 
bimodal at NF station with a smaller peak in the spring 255 × 
103 cells.ml–1, minimum in May (160.4 × 103 cells.ml–1) and 
a maximum of 708 × 103 cells.ml–1 in August.

The minimum in the phytoplankton abundance at Zhr 
reservoir station was observed in April, followed by a grad-
ual increase to a value of 72 × 103 cells.ml–1 in August. The 
seasonal dynamics in the phytoplankton abundance at Zhr 
station corresponds well to the previously described seasonal 
patterns in Zhrebchevo reservoir (Saiz, 1981). According to 
Saiz the gradual increase in the phytoplankton abundance 
close to the dam is due to a combined infl uence of the ex-
ploitation regime and wind induced currents. Beshkova et al. 
(2014) have shown that the invasion of D. polymorpha in the 
reservoir results in increased abundance and decreased bio-
mass of the phytoplankton. This, according to the authors, is 
due to an adaptation of the phytoplankton to the increased 
fi ltration rates by the D. polymorpha, i.e. replacement of the 
k-strategists with r-strategists. 

The Chlorophyll-a content of the samples refl ects the 
amount of the phytoplankton.  The relationship between the 
two variables was very strong (Figure 7) for the log trans-
formed data. The strength of the relationship varied in the 
different water body complexes. It was strongest in the data 
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set of the intensive fi sh farm stations – NF and SK (Figure 
7d), slightly lower in Zhrebchevo reservoir (Figure 7c), and 
weaker, but still signifi cant, in the thermally infl uenced res-
ervoir stations (Figure 7b). We have excluded single points 
out of the data sets from both, fi sh farm stations and ther-
mally impacted stations. The omitted data represented the 
development of bigger plankton species in lower abundance, 
but with high Chl-a content. Our data suggests that despite 
the apparent differences between the water bodies the rela-
tionship between phytoplankton abundance and its chloro-
phyll-a content is constant and varies little with regard to 
exploitation regime and anthropogenic infl uence. Normally, 
the relationship is strongest in the fi sh ponds, where factors, 
such as fertilization and food chain interactions increase the 
relationship. In Zhrebchevo reservoir, the relationship is 
infl uenced by different factors along the water body. Thus, 
turbidity, induced by the main river infl ow, alters the Chl-a 
content of the phytoplankton in the upper reservoir section, 
while the infl uence of nutrient limitation and zooplankton 
grazing increases toward the dam. 

Trophic state
Carlson trophic state index (TSI) is a commonly applied 

method to determine the trophic state of the water bodies. 
According to the TSI values the trophic state increases 

slightly between the lower and upper stations in Ovcharit-
sa reservoir, but remains within the eutrophic boundaries 
(Table 4, Figure 8). The trophic state at SK and NF stations 
is stable and corresponds to hypertrophic conditions. The 
TSI values at Byal kladenets reservoir also increase toward 
the upper reservoir sections, refl ecting a change from eutro-
phic to hypertrophic conditions. The upper reservoir station 
in Zhrebchevo reservoir is eutrophic and gradual decrease 
to mesotrophic conditions is observed toward the limnetic 
zone.  

Beshkova et al. (2014) also report for a discrepancy in 
the trophic state assessment of Zhrebchevo reservoir. The 
authors classifi ed the reservoir as eutrophic to hypertrophic 
according to the phosphorus content in the waters, and as 
oligo-mesotrophic, according to the biomass of the phyto-
plankton.
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The observed higher values of the index, based on the 
total phosphorus content (TSITP), refl ect the potential tro-
phic state, i.e. the maximum achievable trophic state if 
all of the phosphorus is transformed into phytoplankton 
biomass. As this is unlikely to happen in the real world, 
due to limitation by other nutrients and food chain inter-
actions, the TSITP values always tend to predict higher tro-
phic state than the Secchi depth (TSISD) and Chlorophyll-a 
(TSICHL) based indices. Beshkova et al. (2014) pointed out 
that the observed discrepancies in Zhrebchevo reservoir 
are partly due to the invasion and mass development of D. 
polymorpha in the reservoir and partly to nitrogen limita-
tion. 

Our results also indicate nitrogen limitation, especially 
in the upper reservoir station and at all Zhr stations, in Au-
gust. As such discrepancies were observed in the reservoir 
prior to the invasion of the zebra mussels (Saiz, 1981), as 
well as in other non infested reservoirs in Bulgaria (Tosheva 
and Traykov, 2012; Traykov et al., 2010; Savchovska et al., 
2013; Mihailova et al., 2013) we think that the role of D. 
polymorpha in this case is exaggerated. 

The individual TSI values change differently at a given 
station, depending on the local conditions such as depth, and 
the amounts of total suspended solids, dissolved organic sub-
stances and seston concentration. The values of such vari-
ables are more stable in the shallower upper reservoir sta-
tions; this is refl ected by the small variation of the TSI there. 

The above mentioned additional factors infl uence the re-
lationship between the trophic state indices. The Spearman 
correlation coeffi cient is highest when relating TSICHL to 
TSISD (r = 0.946, n = 40, p < 0.01), followed by the relation 
of TSISD to TSITP (r = 0.786, n = 40, p < 0.01). The correlation 
between the TSITP to TSICHL is weakest, but still signifi cant (r 
= 0.701, n = 40, p < 0.01).

Conclusions

The simultaneous increase of temperature and nutri-
ent concentration has strong effect on the abundance and 
chlorophyll-a content of the phytoplankton. The increase of 
the temperature has lower effect than the increase in nutri-
ent concentration. This is due to the fact, that phytoplankton 

Table 4. 
Mean values of individual trophic state indices at sampling sites in 2013. Avrg represents average of the individual TSI 
values at each station. 
 Ov-lower Ov-middle Ov-upper SK BK-lower BK-upper NF Zhr-upper Zhr-middle Zhr-lower
TSICHL 54.3 56.8 59.5 79.5 60.7 65.1 75.3 59.0 44.4 48.4
TSISD 51.6 58.3 60.2 75.0 58.2 65.2 73.1 53.5 41.9 44.1
TSITP 81.1 83.9 86.0 91.2 83.3 84.6 85.9 67.4 63.1 62.3
 Avrg 62.3 66.4 68.6 81.9 67.4 71.6 78.1 60.0 49.8 51.6
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development is directly related to nutrients concentration in 
the water, while the increased temperatures infl uence nutri-
ents dynamics and transformation, i.e. increasing denitrifi ca-
tion and shifting the system toward nitrogen limitation later 
in the summer. It was evident that the main effect of long-
term thermal pollution on the physicochemical variables of 
the water bodies is the increase of the dissolved solids with 
time. Our data suggests that despite the apparent differences 
between the water bodies the relationship between phyto-
plankton abundance and its chlorophyll-a content is constant 
and varies little with regard to exploitation regime and an-
thropogenic infl uence. The relationship is strongest in shal-
low, fertilized water bodies, while in the big reservoirs the 
relationship is infl uenced by different factors along the water 
body. Turbidity alters the Chl-a content of the phytoplankton 
in the upper reservoir sections, while nutrient limitation and 
zooplankton grazing increases toward the dam. These rela-
tionships determine the observed changes in the trophic state 
along the water bodies. 
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