
144

THERMAL AND OXYGEN CONDITIONS IN CARP PONDS DURING 
THE SUMMER PERIOD

Magdalena Wiśnios1, Włodzimierz Kanownik1

1 Department of Land Reclamation and Environmental Development, University of Agriculture in Krakow, 
Mickiewicza Av. 24-28, 30-059 Krakow, Poland, e-mail: rmkanown@cyf-kr.edu.pl

INTRODUCTION

The main source of dissolved oxygen in carp 
ponds is its diffusion from the atmosphere and 
photosynthesis constituting over 80% of oxygen 
incomes. However, the quality of photosynthesis 
is affected by a number of factors, among others: 
the temperature, solar radiation, water transpar-
ency but also by the content of nutrients and sub-
stances dissolved in water [Tokarczyk-Dorociak 
and Drabiński 2007, Jawecki and Krzemińska 
2008]. Physicochemical characteristics of wa-
ter in carp ponds undergoes constant dynam-
ics [Gál et al. 2003, Kanclerz 2005, Raczyńska 
and Machula 2006, Kanownik 2010, Dulic et al. 
2010]. Some of the water quality indices, such 
as dissolved oxygen content or degree of oxygen 
saturation are changing during the day, which is 
primarily influenced by the photosynthesis pro-
cess [Jawecki et al. 2013, Kanownik and Poli-
cht-Latawiec 2015]. Because the dimension of 
photosynthesis is conditioned by the solar ener-
gy, the level of oxygen dissolved in carp pond is 
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ABSTRACT
The work presents changes of oxygen indices in carp ponds during the summer season. 
The basis of the research were regular water tests conducted in two ponds: Mydlniki II 
intended for carp farming in the second year of fish production cycle and Bocian used for 
carp farming in the third (final) year of breeding. The temperature of pond water in July and 
August was optimal for development and farming of cyprinid fish and ranged from 16.6 
to 30.5 °C. The lowest value of oxygen dissolved in water (6.4 mg·dm-3) was registered in 
Mydlniki II pond and was higher than the oxygen optimum for carp (5 mg·dm-3). Oxygen 
saturation in water of fish ponds exceeded the optimum upper limit value (168%) on a 
few dates, however, it posed no lethal threat for fish. In August in Bocian pond oxygen 
saturation fell within the range of optimal values, creating better conditions for fish 
development. In the secondary pond (Mydlniki II) it was found that oxygen saturation 
in water on 12 dates was lower than the low optimal value (96%).

Keywords: fish pond, dissolved oxygen, water temperature.

increasing all day while after sunset the amount 
of oxygen diminishes [Whetstone 2009]. Diver-
sification of water oxygen saturation is strictly 
connected with physiological activity of fish and 
other aquatic organisms. Fluctuations of oxygen 
concentrations are the bigger, the more fertile 
the pond is. The degree of oxygen solubility 
is decreasing with increasing water tempera-
ture, which may cause a danger of insufficient 
amount of oxygen available to fish at their si-
multaneously intensified activity [Bieniarz et al. 
2003]. The amount of dissolved oxygen and the 
water temperature are among the most impor-
tant parameters conditioning the life of organ-
isms in the aquatic environment [Lutnicka 2011, 
Łysak et al. 2002]. According to Krzyczkowski 
[2000] there is a correlation between these fac-
tors, the value of oxygen solubility diminishes 
with increasing water temperature. Although the 
dependence is statistically significant, the corre-
lation coefficient reaches quite low value, rarely 
exceeding r = 0.5 [Jawecki 2008]. It is strictly 
associated with pond warming at high air tem-
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perature which may cause faster algae and other 
phytoplankton organism blooms in ponds.

MATERIALS AND METHODS

In order to assess the dynamics of oxygen 
indices in carp ponds during the summer season, 
water tests were conducted in two ponds – a sec-
ondary pond Mydlniki II (second year in the fish 
farming cycle) and in Bocian production pond 
(third year of the cycle) at the Fishery Experi-
mental Station of the University of Agriculture 
in Krakow. Measurements of the analyzed wa-
ter indices were conducted daily between 10 
a.m. and 12 p.m. for two months from 01.07 to 
31.08.2012. The places for water sampling were 
localized by the outlet boxes. Field tests in-
volved sample collection from the near-surface 
zone, about 0.20 m below the water table and 
from the near-bottom zone, about 0.20 m above 
the reservoir bottom. Water was sampled for 
analyses using bathometer. Water temperature 
[°C], dissolved oxygen content [mg·dm-3], oxy-
gen saturation in water [%] were assessed in the 
collected samples by Elmetron CO-411 oxygen 
meter using electrochemical method. Addition-
ally, air temperature was measured. The research 
was conducted in carp ponds located in Mydl-
niki (50°05’N, 19°49’E) in the urban area of 
Kraków, Bronowice quarter. The fish ponds are 
fed by the Rudawa river, which is a second order 
river flowing into the Vistula.

RESULTS

Cyprinid fish farming in artificial ponds re-
quires fulfilling certain conditions, among others 
proper water temperature, optimal content of dis-
solved oxygen and water saturation with oxygen 
in the reservoir. The paper presents an analysis of 
results obtained from two month measurements 
of two water oxygen indices and water tempera-
ture. On the basis of the collected data, the dy-
namics of the analyzed indices was described tak-
ing into consideration descriptive statistics and 
a correlation between the water temperature and 
its oxygen indices was demonstrated. Statistical 
analysis was conducted between the values of 
individual parameters in both ponds – secondary 
pond Mydlniki II and production pond Bocian.

On the basis of descriptive statistics it was 
found that water temperature revealed the low-
est variability in the secondary pond (13%) and 
oxygen saturation degree in the production pond 
(8%), irrespectively of the depth of sample col-
lection. Among the tested samples the greatest 
variability was observed for the degree of oxy-
gen saturation where the changes are on the level 
of 28 and 30%, respectively near the bottom and 
near the surface of Mydlniki II pond (Table 1).

The analysis of variation coefficient revealed 
that a similar variability of the values of the ana-
lyzed indices occurred near the reservoir surface 
than close to its bottom. The rule does not apply 
in Mydlniki II pond and only in case of water 
oxygen saturation and the content of dissolved 

Table 1. Descriptive statistics of water quality parameters in carp ponds

Descriptive statistics
Temperature [°C] Dissolved oxygen [mg·dm-3] Oxygen saturation degree [%]

near the
 surface

near the 
bottom

near the 
surface

near the 
bottom

near the 
surface

near the 
bottom

Mydlniki II Pond

Average 24.6 24.2 10.43 10.22 129 128

Minimum value 17.3 17.0 6.40 6.00 72 68

Maximum value 29.4 28.8 15.30 15.55 198 197

Interval 12.1 11.8 8.90 9.55 154 129

Standard deviation 3.3 3.2 2.5 2.5 38.3 35.4

Coefficient of variation [%] 13 13 24 25 30 28

Bocian Pond

Average 24.3 23.8 12.02 12.07 149 152

Minimum value 16.7 16.6 9.86 10.10 131 126

Maximum value 30.5 29.8 21.15 19.74 167 171

Interval 13.8 13.2 11.29 9.64 36 45

Standard deviation 3.8 3.7 1.6 1.5 11.3 11.7

Coefficient of variation [%] 16 16 13 13 8 8
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oxygen, but the differences between the values 
are small. The standard deviation values, evi-
dencing diversification between the observations 
and mean, reached higher values for the features 
measured close to the water surface. Both in case 
of the degree of oxygen saturation. the content of 
dissolved oxygen and temperature, higher values 
of standard deviation were registered in Mydlniki 
II pond water (Table 1). Values of water tempera-
ture are strictly connected with the thermal values 
of the atmospheric air. Water temperature both 
near the pond surface and its bottom was growing 
with increasing air temperature. Average values 
of water temperatures close to the pond bottom 
were by about 0.5 °C lower than by the surface. 
Also minimum and maximum values were al-
ways slightly lower in the benthic water. The dif-
ferences between these values and the median are 
not significant, which is caused by a constant wa-
ter circulation in the pond, resulting among oth-
ers from the movement of the organisms living 
in ponds. The effect of water facilities or atmo-
spheric conditions. The analyzed ponds do not re-
veal thermal stratification due to their small depth 
(up to 2 m).

Content of oxygen dissolved in water is 
counted among the most important water indices 
conditioning the possibility of fish farming and 
influencing the farm profitability. Oxygen de-
mands for carp range from 4 to 7 mg·dm-3 at the 
optimal value of 5 mg·dm-3 [Bieniarz et al. 2003]. 
Carp is classified to fish resistant to oxygen con-
tent in water, however, insufficient oxygen level 
may be the cause of many diseases, some of them 
lethal. The research was conducted in July and 
August, when oxygen conditions are most unfa-
vourable due to high temperatures. Despite that 
fact, the content of oxygen dissolved in the pond 
water was always higher than the minimal values 
conditioning fish welfare. The content of oxygen 
dissolved in water of both ponds was higher in 
July. In Mydlniki II close to the surface aver-
age oxygen concentration was 14.02 mg·dm-3, 
whereas close to the bottom 13.57 mg·dm-3. In 
August average oxygen amount was respectively 
8.96 and 9.02 mg·dm-3. In Bocian, in July aver-
age amount of dissolved oxygen near the surface 
and the bottom was the same 12.32 mg·dm-3. In 
August average oxygen concentrations were on 
the level of 11.71 mg·dm-3 close to the water table 
and 11.80 mg·dm-3 near the bottom.

In reservoirs of small depth, such as the 
investigated fish ponds, water saturation with 

oxygen may assume the values several times 
higher than full saturation. This state, described 
as oxygen over-saturation, results mainly from 
the amount of solar exposure which affects the 
intensity of plant development in the reservoir. 
In Mydlniki II the degree of saturation was char-
acterized by the greatest variability among the 
analyzed indices. Maximum value was 198% 
close to the surface and 197% near the bottom 
of the pond (Table 1). The lowest oxygen satura-
tion in the pond – 68% close to the surface was 
registered during the period from 14 to 16 Au-
gust and 69% from 17 to 18 August close to the 
reservoir bottom. Variation coefficient of oxy-
gen saturation in water close to the surface and 
near the bottom of Bocian production pond was 
the same. The degree of oxygen saturation close 
to the pond bottom was the lowest on 9 August 
(126%), whereas close to the surface on 13 Au-
gust (126%); the values exceeded full saturation. 
Research of Woźniewski [1992] on the effect of 
oxygen saturation on live activities of cyprinid 
fish revealed the oxygen optimum on the level of 
96–178%. The lowest required saturation ranges 
from 20 to 50%, but its decline below 20% may 
prove fatal for carp.

In Mydlniki II pond the relationship between 
the temperature and dissolved oxygen revealed a 
positive linear correlation. Pearson’s coefficient 
r = 0.83 in the near-surface water and r = 0.81 
close to the pond bottom pointed to a very high 
correlation between these indices (Figure 1).

In Bocian pond, a very weak linear correla-
tion was demonstrated between water tempera-
ture and dissolved oxygen. Coefficient r = 0.1 in 
near-surface water and -0.02 close to the pond 
bottom (Figure 2). The correlation between the 
degree of oxygen saturation and water temper-
ature in the secondary pond revealed a similar 
relationship as in case of dissolved oxygen. Per-
son’s coefficient between the indices was 0.88 
near water surface and r = 0.89 near the bottom 
points, which evidences a very high correlation 
(Figure 3).

Correlation between the degree of oxygen 
saturation and water temperature in the produc-
tion pond showed a slightly lower linear cor-
relation. Linear relationship is positive which 
denotes that the degree of oxygen saturation is 
incrementing with growing water temperature. 
Correlation coefficient near the surface was r = 
0.69, while r = 0.53 near the bottom point to a 
high correlation (Figure 4).
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In order to verify statistical significance of 
differences between values of indices for both 
ponds normality of distributions was checked 
using Sahpiro-Wilk test at significance level α = 
0.05. Due to a lack of distribution, normality of 
the values of all tested indices, the significance of 

differences was computed by means of U Mann-
Whitney nonparametric test [Stanisz 2006]. At 
significance level α = 0.05 it was revealed that 
the values are statistically significantly different 
for dissolved oxygen and degree of oxygen satu-
ration where the probability p was lower than 

Figure 1. Correlational relationship between dissolved oxygen and water temperature near the surface (a) 
and bottom (b) in Mydlniki II pond

Figure 2. Correlational relationship between dissolved oxygen and water temperature near the surface (a) 
and bottom (b) in Bocian pond
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Figure 4. Correlational relationship between oxygen saturation degree and water temperature near the surface (a) 
and bottom (b) in Bocian pond

Figure 3. Correlational relationship between oxygen saturation degree and water temperature near the surface (a) 
and bottom (b) in Mydlniki II pond

the assumed significance level both near the 
surface and close to the bottom of both ponds. 
A lack of significant differences in the analyzed 
samples was found for water temperature both 
close to the water table and near the reservoir 

bottom. Statistical analysis showed that the val-
ues of dissolved oxygen and the degree of oxy-
gen saturation are significantly higher in water 
of Bocian pond in comparison with Mydlniki II 
pond (Table 2).
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CONCLUSIONS

The analysis of results obtained from investi-
gations of water features on various depths in sec-
ondary and production ponds in the summer season 
allowed to formulate the following conclusions:
1. Water temperature in ponds oscillated with-

in the 16.6–30.5 °C range and was optimal 
for development and keeping cyprinid fish. 
Mean water temperature in secondary ponds 
was about 0.4 °C higher than in the produc-
tion pond, which is beneficial for younger fish 
farming, which require slightly higher water 
temperature than older fish.

2. In July, oxygen saturation in water of fish 
ponds exceeded the optimum upper limit val-
ue (168%) on a few dates, however, it posed 
no lethal threat for fish. In August oxygen sat-
uration fell within the range of optimal values, 
creating better conditions for fish develop-
ment. In August only in the secondary pond it 
was found that oxygen saturation in water on 
12 dates was lower than the low optimal value 
(96%). Minimum oxygen saturation in water 
was 68% and was much higher than the value 
critical for carp (20%).

3. Irrespective of the depth from which water was 
sampled in fish ponds, its concentrations of dis-
solved oxygen and degree of oxygen saturation 
were increasing with growing water tempera-
ture. Correlation coefficient between the degree 
of oxygen saturation and water temperature 
showed a very high linear correlation.

3. Significantly higher values of dissolved oxy-
gen concentrations and degree of oxygen satu-
ration were registered in the production pond 
than in the secondary pond. Bigger differences 
of the medians of indices between the ponds 
occur in near-surface than in benthic waters. 
The differences for dissolved oxygen near the 
surface and near the bottom are respectively 
1.80 and 1.66 mg∙dm-3 and degree of oxygen 
saturation 23 and 15%.
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