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Effect of carp ponds on the nutrient composition
of riverine water supplying the Goczatkowice Reservoir*
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Abstract - A large amount of the water feeding the Goczatkowice Reservoir on the
River Vistula, storing drinking water for the Upper Silesia region flows through carp
ponds. The water feeding the ponds contains mainly nitrate nitrogen and phosphates,
and below the outflow of pond waters ammonia nitrogen and organic forms of
phosphorus and nitrogen. Fishponds eliminate 30-60% of nitrogen and phosphorus
from river water in the vegetation season.
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Wplyw stawéw karpiowych na sktad biogenéw w wodzie rzecznej zasilajacej
Zbiornik Goczatkowicki. Duza czgs¢ wody zasilajgcej zbiornik zaporowy Goczatko-
wice na rzece Wisle, magazynujacy wode pitng dla Gdrnego Slaska, przeptywa przez
stawy karpiowe. Woda zasilajgca stawy zawiera gtdwnie azot azotanowy i fosforany,
natomiast ponizej zrzutu wod stawowych azot amonowy i organiczne formy azotu
i fosforu. Stawy rybne w czasie sezonu wegetacyjnego eliminujg z wody rzecznej 30-
-60% azotu i fosforu.

1. Introduction

The dam reservoir on the River Vistula at Goczatkowice is one of the main
sources of drinking water for the Upper Silesia region. More than 900 ha of fish-
ponds are situated in the reservoir catchment. As a result of biological, physical,
and chemical processes and farming operations the water in the ponds significantly
changes its chemical composition as concerns both inorganic and organic
compounds. The effect of intensive fishery management on the environment is the
subject of many publications, most of which concern the pollution of the water with
organic and inorganic compounds with salmonid production or in marine
aquaculture (Alabaster 1982, De Voe 1994, Piedrahita 1994). Contrary to
flow-through ponds, in carp ponds, because of the long time of water retention,
phytoplankton develops intensively, enriching the water with both living and dead
organic matter. The mass growth of planktonic algae in the ponds changes the
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Fig. 1. Localization of investigated fishpond complexes in the catchment area of the
Goczatkowice Reservoir.

physico-chemical conditions of the environment, chiefly as a result of the
elimination of nutrients, the change in aerobic conditions, pH, and an intensive
vertical stratification of some physical and chemical factors in the pond water. On
the other hand, intensive fishery management causes loading of the ponds with
a large amount of nutrients, originating from their mineral fertilization and from
feed for fish. The concentration of inorganic and organic forms of phosphorus and
nitrogen in the pond water undergoes intensive fluctuations in the course of the
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vegetation season and depends mainly on its loading pond with these elements and
on their elimination resulting from biological and physico-chemical sorption. Wrdbel
and Wiodek (1991) paid special attention to the possibilities of the effect of the
ponds on the quality of water feeding the Goczatkowice Reservoir. According to
them, the processes occurring in the ponds can both contribute to the pollution of
the reservoir and reduce the concentration of the nutrients.

The aim of the present investigations was to find the effect of pond complexes
with intensive fishery management on the amount of nutrients in the water feeding
the Goczatkowice Reservoir.

2. Investigation area

The catchment of the Goczatkowice Reservoir is 532 km2, of which 328 kmz2 is
of montane character, and the remainder of a submontane one (Kasza 1980).
Arable lands constitute 46%, and forests 40% of the catchment (Kasza 1987). The
main rivers of this catchment are the Vistula, Bajerka, and Knajka (fig. 1). On the
border of the montane and submontane zones on the River Vistula, a weir is
situated from which water for the ponds situated on the right and left banks of the
river is carried by canals. The Bajerka is an artificial river, starting in the River
Vistula above Skoczéw. The River Knajka reaches the Vistula about 3 km above
the backwaters of the reservoir, and the water of the river is many times used by
fishponds in its catchment. The pond water is discharged to the same rivers and
canals, from which it is taken, with the exception of the left-bank canal of the river
Vistula, from which the water is discharged mainly to the River Knajka after
passing through pond complexes.

3. Material and methods

The investigations were carried out in the years 1992-1994, water samples for
analysis being taken from spring to autumn at two week intervals. Water for
physico-chemical analysis was taken from affluents of the rivers to the fishponds
and from the investigated rivers below the discharge of pond waters. The
physico-chemical analyses of water were carried out according to standard methods
(Hermanowicz 1976, APHA 1985).

4. Results

In the water feeding the ponds nitrogen occurred mainly in the inorganic form
(Table 1). The water feeding the ponds contained a small amount of organic
nitrogen because of a low concentration of organic matter in the feeding water —
BOD did not exceed 2 mg O2 dm-3. The water of the Vistula contained distinctly
more ammonia nitrogen than that of the Knajka. The concentration of N-NH4 in
the Vistula water varied in the range 0.25-3.7 mg N dm-3, and in the water of the
Knajka from 0.15-1.05 mg N dm-3. Periodically high concentrations of ammonia
nitrogen in the water of the Vistula could have been about by malfunctioning of
the biological treatment plants in the catchment of this river.

Below the discharge of pond waters into the Knajka the concentration of
particular nitrogen forms varied significantly in comparison with the concentration
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Fig, 2. Concentration of nitrate and ammonia nitrogen in the water of the River Vistula below
the discharge of the fishpond waters.

of these compounds in the water feeding the ponds. In the Knajka water below the
discharge of pond waters a significant increase in ammonia and organic nitrogen
concentration took place with a dramatic fall in the nitrate concentration.

The ponds situated on the right bank of the Vistula are fed with water from
the river Bajerka and the right bank canal of the Vistula. The Bajerka water
contains much less inorganic nitrogen than that of the right-bank canal of the
Vistula (Table I). Such a great difference in the nitrate concentration in the water
of the investigated canals is mainly caused by two factors. The Bajerka is fed with
water from the Vistula above Skoczow, the largest industrial centre in the
catchment; wastes, after biological treatment, are periodically discharged from the
treatment plant from Skoczéw to the right-bank canal of the Vistula, effecting
occasional high concentrations of inorganic nitrogen in the water, especially of
nitrates. There is an increase in concentration of organic and ammonia nitrogen
and a reduced of nitrate concentration below the discharge of pond waters into the
right-bank canal of the Vistula and in the Bajerka. Comparatively high
concentration of nitrates in the water of the right-bank canal of the Vistula below
the discharge of pond waters was the result of using trout ponds in the
Experimental Centre of the Polish Academy of Sciences at Gotysz. A large part of
the water from this canal flowed through trout ponds with a short retention time,
hence the reduction of nitrates was smaller than that in the remaining pond
complexes with a dominating carp (Cyprinus carpio L.) stock.

The concentration of inorganic and organic forms of phosphorus in the rivers
feeding the ponds situated in the catchment of the Goczatkowice Reservoir was
very diversified (Table I). In the water feeding the ponds, that of the Knajka, into
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Table I. Mean concentraton of nutrients (mg dm-3) in the waters supplying and flowing out
from ponds complexes at Gotysz in 1992-1994 (from spring to autumn).

Localization of the ponds  Nitrogen Phosphorus

N-NO3 N-NH4 Norg. P-PO4 Porg.

Left bank of the River Vistula

inflow: Vistula (1993) 1.24 111 0.31 0.230 0.033
Knajka 1.04 0.53 0.31 0.579 0.091
outflow 0.37 0.88 0.58 0.121 0.100

Right bank of the River Vistula

Vistula: inflow (1992) 2.15 0.57 0.27 0.274 0.065
outflow 0.96 0.77 0.89 0.206 0.146
Bajerka: inflow 1.25 0.39 0.35 0.176 0.053
outflow 0.33 1.06 0.56 0.079 0.116

Inflow of Vistula into Goczatkowice Reservoir

1992 0.77 0.58 0.28 0.090 0.070
1993 0.53 0.67 0.35 0.110 0.082

which after biological treatment wastes from a dairy are discharged, contained the
most phosphates. The water of the right-bank canal of the Vistula, affected by the
treatment plant in Skoczéw, also had a high concentration of phosphorus, and the
smallest amount of this element being found the water of the Bajerka, which is
slightly polluted with industrial and municipal wastes. In all the investigated
rivers the concentration of organic phosphorus increased and the concentration of
phosphates decreased to a significant degree below the discharge of pond waters.
The smallest elimination of phosphates occurred in the right-bank canal of the
Vistula, where the trout complex is situated.

The lowest concentration of phosphorus was found in the water in the sections
of the Vistula near its inflow into the reservoir, below the water discharge from
the ponds situated in the catchment area of this river (Table I). Similarly as on
the concentration of phosphorus, the ponds affect the concentration of inorganic
forms of nitrogen contained in the water in the section of the Vistula near its
inflow into the reservoir (fig. 2). The nitrate form prevails in spring, while in
summer and autumn there is more ammonia nitrogen, this being the dominant
form of inorganic nitrogen in the ponds, in this period of the vegetation season. The
highest concentration of ammonia nitrogen in the section of the river close to its
inflow into the reservoir was found in October at the time of catching in the ponds.

5. Discussion

The River Vistula, being the main tributary of the Goczatkowice Reservoir is
characterized by great fluctuations in its current 0.1-715 m3 s-1, on average 7.8 m3 s-1
(Winohradnik 1986). In periods of low water level almost all the water feeding the
Goczatkowice Reservoir flows through fishponds. Low water levels in the rivers
coincide with a decreased need of water exchange in the ponds, which occurs
mainly in the summer months, when the accumulation of organic matter in the
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pond water threatens the death of fish as a result of the oxygen deficiency. Carp
ponds are charged with a high concentration of nutrients, originating from three
main sources — with the water feeding the ponds, from mineral fertilization, and
from feed for the fish.

The concentration of biogenic compounds in the water feeding the ponds of the
catchment area of the Goczatkowice Reservoir has changed considerably during the
last fifty years. The first results given by Stangenberg (1938) more than half
a century ago showed a very low level of biogenic elements in the water of the pond
affluents. The concentration of phosphorus was most often below 0.02 mg P dm-3,
and of inorganic nitrogen below 1 mg dm 3. In the years a constant rise in
nutrients in the water feeding the fishponds was observed (Sowa 1959, Pasternak
1962, Wrdbel 1965, Lewkowicz et al. 1977). At present, the concentration of
nutrients in the water feeding the ponds, and especially that of phosphorus many
times exceeds the values given by authors in past years.

The low concentration of nutrients in the water feeding the ponds necessitated
mineral fertilization in order to increase fish production in previous years (Star-
mach 1958, Wrobel 1962).

The introduction of mineral fertilizers, both phosphorus and nitrogen, brought
about an intensive development of phytoplankton, causing an increased efficiency
of the ponds. At present in the fishery management of the upper Vistula region,
mineral fertilization is occasionally applied, and there are rather problems with
a surplus of nutrients in the pond water (Lewkowicz and Lewkowicz 1981).

An important source of nutrients in ponds with intensive carp production is fish
feed (Avnimelech and Lacher 1979, Boyd 1982), most of which undergoes minerali-
zation and constitutes a medium for planktonic algae or accumulates in the bottom
sediments. Ponds are able to eliminate large amounts of nutrients from the water
thanks to a mass development of planktonic algae. Low water hardness in most
pond complexes in the catchment area of the Goczatkowice Reservoir leads to a
water reaction often exceeding pH 10 during the mass growth of algae. Then occur
biological deprivation of calcium in the water and precipitation of phosphates. The
dominant form of nitrogen form in the water feeding the ponds are nitrates which
in ponds are not only taken by phytoplankton but are also denitrified in the layers
near the bottom. Ponds can eliminate over 400 kg of nitrate nitrogen calculated per
1 ha of the pond area (Pokorny at al. 1990). In spite of strong charging of the ponds
with nutrients the accumulation of inorganic forms of nitrogen and phosphorus in
the water is rarely observed (Miuller 1990). The accumulation of inorganic forms of
these elements occurs only in the period of mass algae decomposition, especially of
blue-green algae or in the ponds where large amounts of high protein pellets in
doses exceeding 10 t ha'l are applied. The water discharged from the ponds during
the vegetation season (leaking and exchange) contains mainly organic forms of
these elements or those contained in soil minerals, this leading to a possibility of
rapid sedimentation of their suspensions in the bottom sediments of the section of
the river at its entry to the reservoir. Along a 10 km section of the river course
between the weir at Ochaby and the backwater of the reservoir at Strumien the
concentration of total nitrogen in the water feeding the reservoir fell by 46%, and
that of total phosphorus 56% in 1992, and in 1993 42% and 30%, respectively.
Ponds are the third stage of purification of wastes in spite of a much higher charge
of nutrients than in the water feeding them. The magnitude of nutrient reduction
can be more effective when settling ponds are built below the pond complexes
(Wroébel and Wiodek 1991). Sedimentation of inorganic and organic suspensions in
the section of the river near the entry to the reservoir faciltates washing out of
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the nutrients during a greater water flow. Another important factor precipitating
the elimination of nutrients in the water of the rivers feeding the reservoir is the
presence of a large number of planktonic algae below the discharge of pond waters.
The numbers of algae is very low above the ponds, and species typical of montane
streams predominate (W. Urbaniec-Brézda unpubl.). Below the discharge of pond
waters, in the water of the Vistula and Bajerka planktonic species typical of ponds
are dominant with a density several scores higher than 10 km above the back-
waters of the Goczatkowice Reservoir. The phytoplankton in water discharged from
the ponds has good development conditions in the backwaters of the Goczatkowice
Reservoir. The slow water current and the environment rich in nutrients lead to
the intensive development of planktonic algae, advancing the elimination of
nutrients from the water environment to the sediments. The building of settling
ponds for the waters discharged from the fishponds would limit the possibility of
the nutrients discharged with the pond water being washed out into the rivers
feeding the Goczatkowice Reservoir.
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