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Seasonal and vertical dynamics of the water temperature and oxygen content in Kardzhali 
reservoir, Bulgaria

1 2I. Iliev , L. Hadjinikolova *

1Department of Biochemistry and Microbiology, Faculty of Biology, University of Plovdiv Paisii Hilendarski, 24 Tzar Assen, 4000 Plovdiv,  Bulgaria
2Institute of Fisheries and Aquaculture, 248 Vasil Levski , 4003 Plovdiv, Bulgaria

Abstract. The aim of the study was to determine the seasonal and vertical dynamics of water temperature and oxygen content in the aquatory of Kardzhali 
Reservoir, situated in the Eastern Rhodope Mountains at the altitude of 290 m. Water samples from six sampling stations, set in order to fully cover the water 
area near the cage farms; the aquatory free from net cages and the part near the dam wall were analyzed.  In the surface layers for the period of the study, the 
water temperature ranges from 11.8°C to 25°C respectively in April and in July. With the increase of the air temperature in spring, the surface water layer is 
heated rapidly. The zone of the temperature shift (thermocline) of the stratifying lake is especially clearly observed during the months May – September 

-1 -1between 5–15 meters. During the period of the study were established significant variations in the oxygen content in the water between 2.98 mg.l –13.66 mg.l  
-1 -1 -1(0.5 m) and 0.16 mg.l  –10 mg.l  (30 m). The highest average values of this parameter in vertical in the range of 10.47 mg.l  were reported in April. 
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Introduction Material and methods

Kardzhali dam-lake is an artificial water reservoir, formed by The study was carried out in the aquatory of  Kardzhali reservoir 
damming the waters of river Arda and it is a part of the hydro-energy for the period May 2009 – April 2010. Water samples were collected 
complex “Lower Arda” cascade. The Dam lake is in a region with from six sampling stations, set in order to fully cover the water area 
transitional to Mediterranean climate. It is situated in the boundary near the cages (three stations), the aquatory free from cages (two 
between the lowland hilly and foothill part of the Eastern Aegean stations), and the part near the dam wall (one station), at which point 
basin, passing in the horizontal line of 300 – 350 m. Due to its long is the outflow of the reservoir (Figure 1). The location of each station 

in the reservoir was determined with a GPS receiver (Garmin 
-1Kardzhali dam is a multipurpose water body 76CSx). Water temperature and oxygen content (mg.l ) were 

used for the needs of energy generation, irrigation and aquaculture. determined in-situ at every meter from the surface layer (0.5 m) to 
It is among the first reservoirs in the country where fish were reared the bottom layer, which, depending on the topography of the bottom 
in net cages, and at present there are 7 net cage farms. During of the dam and the water level in the reservoir, at the different 
different periods of its utilization a number of studies on the stations reach 30–60 m. The measurements were performed with a 
ecosystem and the quality of the water were carried out. However combined depth Oximeter type WTW Oxi 1970i.
those studies were related mainly to the accumulation of heavy 
metals in the tissue of fish and the trophic state of the reservoir

(Veltcheva et al., 2000; Veltcheva, 1997; Traykov et al., 
2003; Traykov and Boyanovsky, 2003; Traykov et al., 2005). The 
data related to the dynamics of some abiotic indices, such as 
temperature and oxygen content in the water are very limited, while 
at the same time these indices have a significant impact on the life of 
hydrobionts (Zaykov, 2006). The knowledge on these dynamics 
would help to evaluate the impact of organic load from the net-cage 
farms on water quality, especially around the farms, as the utilized 
area and volumes of production of the farms are constantly 
increasing.

The aim of the study was to determine the seasonal and vertical 
dynamics of water temperature and oxygen content, as limiting 
environmental factors influencing the processes in the aquatic 
environment.

retention time (over 200 days) it is categorized as lake like reservoir 
(Straskraba, 1998). 
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Figure 1. Kardzhali Dam scheme (a – general scheme of
the reservoir, b – sampling stations in the studied area
of the dam)

a)

b)
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absolute value for this indicator, 25.6°C, was recorded in July at Results and discussion
station 6, with variation from 22.6°C to 25°C at the other stations in 
the epilimnion layer.The water temperature in Kardzhali dam goes through 

With the increase of the air temperature in spring, the surface significant seasonal and vertical changes. The values of the 
water layer is heated rapidly. This leads to a distortion of the free temperature in different parts of the reservoir, depending on season 
movement of water masses and initiates the formation of summer and depth of the water column are presented in Table 1. In the 
stratification. Heat accumulation in the surface layer is observed in surface layers for the period of the study, the water temperature 
April, but is weak and the process of stratification completes in May. ranges from 11.8°C to 25°C respectively in April and in July. The 
During this period, the surface layer (epilimnion) has a depth of zero minimum temperature at depth is measured at the station located in 
to 5 m and is characterized by a relatively constant temperature. proximity to the dam wall – 5.7°C in April 2010. The average 
During the summer months are also observed temperature temperature of the water layer varies between 8°C and 14.8°C and 
differences in the epilimnion itself, due to the abrupt temperature maximum values were reported in September 2009. The highest 

Table 1. Values of the water temperature in Kardzhali reservoir for the period May 2009 – April 2010.

Date

21/22.05.09

28/29.07.09

9/10.09.09

17/19.11.09

13/15.04.10

21/22.05.09

28/29.07.09

9/10.09.09

17/19.11.09

13/15.04.10

21/22.05.09

28/29.07.09

9/10.09.09

17/19.11.09

13/15.04.10

21/22.05.09

28/29.07.09

9/10.09.09

17/19.11.09

13/15.04.10

21/22.05.09

28/29.07.09

9/10.09.09

17/19.11.09

13/15.04.10

21/22.05.09

28/29.07.09

9/10.09.09

17/19.11.09

13/15.04.10

21/22.05.09

28/29.07.09

9/10.09.09

17/19.11.09

13/15.04.10

20.2

25.6

22.4

13.9

12.9

18.8

24.4

21.9

13.9

11.4

13.6

18.7

21.6

13.9

9.6

8.6

11.8

13.5

13.8

7.1

7

8.2

10

12.3

6.3

7.1

10.9

6.2

12.5

11.8

9.6

7.5

6.3

6.1

5.7

20.6

24.9

21.7

13.9

11.8

19.9

24.7

21.7

13.9

10.9

12.5

19.6

21.7

13.9

9.6

8.5

11.4

13.4

13.8

7.8

6.9

8.3

9.6

12.8

6.5

6.6

7.1

7.8

21.1

22.4

22

14.1

11.3

17

24.9

22

14

10.6

13.2

19.8

22

14

9.9

9.4

11.7

12.8

13.9

8.5

7.2

8.5

9.3

12.6

6.8

6.9

7.4

7.6

11.1

6.2

6.4

6.6

6.7

7.1

5.7

20.7

24.7

21.7

14.5

11.6

20.3

24.8

21.7

14

10.8

12.8

19.6

21.7

13.9

9.7

8.7

11.6

13.4

13.8

7.8

6.9

8.3

9.4

12.5

6.4

6.7

7.1

7.8

10.9

6

20.9

25

22.1

14.1

12.7

20.8

25

22.1

13.9

10.5

13

19.8

22

13.9

9.4

8.7

11.5

13.4

13.9

7.6

6.9

8.5

11

6.7

6.7

0.5

5

10

20

30

40

60

Water depth, m
1 2 3 4 5 6

Sampling station

6
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ovariations during the day and night. of 1 C. Temperature deviations are detected only at Station 1 (the 
The zone of the temperature shift (thermocline) of the stratifying wall), which is probably due to the mode of operation of the reservoir, 

lake is especially clearly observed during the months May – characterized by hipolimnion draining.
September between 5–15 meters. Differences in temperature at During the period of the study were established significant 
stations were reported only for the surface water layers and are variations in the oxygen content in the water (Table 2). The highest 

odetermined by the air temperature. They vary in the range of 2–3 C average values of this parameter in vertical in the range of 10.47 
-1depending on the period in which sampling is made. In September mg.l  were reported in April. This period is characterized by the 

and November, is observed a decrease in water temperature, accumulation of heat and the start of formation of temperature 
accompanied by subsidence of the depth of the thermocline, which stratification, while oxygen content is almost evenly distributed in the 
influences the stability of stratification. The boundaries of the water column, following the curve of the temperature. The 
metalimnion are not clearly defined. In November is observed the percentage of saturation varies between 62 and 132% for different 
autumn homothermy, with vertical temperature variation in the range horizons. The high oxygen content in the water layer during the 

-1Table 2. Values of the amount of dissolved oxygen (mg.l ) in Kardzhali reservoir for the period May 2009 – April 2010.

Date

21/22.05.09

28/29.07.09

9/10.09.09

17/19.11.09

13/15.04.10

21/22.05.09

28/29.07.09

9/10.09.09

17/19.11.09

13/15.04.10

21/22.05.09

28/29.07.09

9/10.09.09

17/19.11.09

13/15.04.10

21/22.05.09

28/29.07.09

9/10.09.09

17/19.11.09

13/15.04.10

21/22.05.09

28/29.07.09

9/10.09.09

17/19.11.09

13/15.04.10

21/22.05.09

28/29.07.09

9/10.09.09

17/19.11.09

13/15.04.10

21/22.05.09

28/29.07.09

9/10.09.09

17/19.11.09

13/15.04.10

8.87

4.2

4.2

6.8

14.23

9.24

3.92

3.9

6.61

12.2

8.1

2.54

3.13

6.66

10.12

5.92

1.64

0.09

5.93

10.17

6.6

1.66

0.16

5.38

9.6

2.15

2.58

9.2

14.2

13.32

11.23

10.37

10

9.77

7.66

7.57

3.58

6.221

7.34

13.2

7

3.04

5.88

7.25

11.65

7.33

1.29

5.88

7.21

11.2

7.15

1.45

3.4

7.29

10.5

7.57

1.46

4

7.76

10

7.3

1.8

6.53

9.5

8.2

4.25

2.98

6.9

13.66

9.24

3.88

2.96

6.68

12.43

7.14

1.2

2.81

6.66

11.28

7.11

2.2

3.13

6.6

10.73

7.6

2.61

4.28

3.23

10

7.4

3.18

5.51

2.82

9.85

6.67

2.68

5.48

0.1

8.74

7.55

4.85

3.98

6.85

13.21

7.25

4.85

3.92

6.47

11.75

6.77

1.57

6.8

6.4

11.1

6.5

2.88

3.4

5.94

10.42

6.91

3.35

5.43

4.45

9.79

6.57

3.44

4.64

1.26

9.51

7.98

3.78

5.75

7.1

14.05

8.16

3.72

5.56

6.82

12.17

7.26

1.3

5.18

6.59

11.35

6.97

2.43

2.84

6.56

10.48

7.23

2.44

2.89

10.2

6.7

0.5

5

10

20

30

40

60

Water depth, m
1 2 3 4 5 6

Sampling station
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spring months is largely due to the intensive development of Acknowledgement
phytoplankton. Formation of temperature stratification in May is 
associated with lower average levels of oxygen content as low as 7.2 The study was funded by the Scientific Research Fund to 
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differences in the measured oxygen content in the water layer. In the 
epilimnion during July the oxygen content levels in the area around References

-1the net-cage farms (stations 2, 3, 4) vary in the range 2.6 to 3.8 mg.l . 
These values are lower compared to those recorded for September 

-1(3.65 to 4.8 mg.l ) as well as compared to the spring and autumn 
levels. International review of Hydrobiology

Temperature stratification is accompanied by stratification of 
the oxygen curve. In late summer oxygen reaches its minimum. Proceedings of the Experimental Station of freshwater fish Plovdiv,
There is a typical clearly defined metalimnion minimum, related to 
oxygen deficiency. Oxygen content drops sharply to values around 1 

-1mg.l  immediately below the epilimnion layer. In July this minimum is 
-1reached at a depth of about 10 m (1 – 1.2 mg.l ), and in September at 
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Kennedy and Walker, 1990; Duras, 2001). International review of Hydrobiology, 83, 

In autumn due to the decrease of surface temperatures and the 1-13.
occurrence of partial water circulation, again was established 
equalization of the oxygen content in depth, accompanied by an 
increase in the percentage of saturation.

Conclusions

Dynamics in temperature and the content of dissolved oxygen 
in the water, depending on the depth of measurement and season 
were established.

The zone of the temperature shift (thermocline) of the stratifying 
Acta Zoologica Bulgarica, lake is manifested particularly clearly in the months from May to 

September between 5–15 meters. During the studied period were 
established significant variations in the amount of oxygen content in 

-1 -1 -1 Acta Zoologica water, between 2.98 mg.l  – 13.66 mg.l  (0.5 m) and 0.16 mg.l  –10 
-1 Bulgarica, mg.l  (30 m). Maximum average values of oxygen content in the 

-1water (10.47 mg.l ) and minimum temperature values in depth 
(5.7°C) were recorded in April 2010

The studies give the possibility to determine the periods and 
depth zones with optimal temperature and oxygen levels for growing 
thermophilic species, which can be used to optimize the 
technological process of cage aquaculture in Kardzhali reservoir.
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