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Abstract

There is still a controversy about the environmental impact of fishponds, especially on their ability to retain
nutrients. This paper presents some basic rules of nutrient cycling in running and stagnant waters and the biotic
and abiotic transformation of nutrients delivered to dam reservoirs and fishponds. Based on these common prop-
erties of eutrophic stagnant waters, some critical remarks are presented on papers that claim to prove the capacity
of fishponds to retain nutrients (mainly nitrogen) during fish production and after pond drainage. Finally, some
ways of reducing negative environmental impacts of fishpond effluents are described as an indirect evidence that
such impacts really pose a threat to water quality.
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INTRODUCTION

Carp production in fishponds is one of the most
common aquaculture worldwide. Known since the
ancient times it is still developing due to increasing
demand for fish food [KESTEMONT 1995]. Fish pro-
duction is usually carried out in earthen ponds of dif-
ferent size from less than one to several hundred hec-
tares or often in complexes of several interconnected
ponds. Fish rearing may be extensive or intensive and
thus differ in the fish stock, in the amount and type of
feed given to fish (pelleted high protein feed versus
cereals or natural feed sources), and in pond manage-
ment (fertilisation and liming). Pond management
may also differ depending on the growth stage of fish
(fry, fingerlings or market-size fish). Fish biomass
produced in fishpond is usually proportional to the
intensity of management [KESTEMONT 1995].

Apart from productive purposes, fishponds may
also serve various other functions [KUCZYNSKI 2007].

They retain water during dry season and, when being
filled in spring, may mitigate possible flood waves in
adjacent stream or river. Sometimes, fishponds may
be used as tourist and recreational sites. In areas oth-
erwise devoid of stagnant water bodies (and these
areas concentrate most of fishponds in Poland), fish-
ponds play a role of “habitat islands” and serve as
spawning grounds for amphibians or nesting and feed-
ing places for numerous waterfowl. The latter may
sometimes arise the conflict of interests between na-
ture protection and fish production, especially when
a fishpond complex is populated by a great number of
piscivorous bird species like the great cormorant
(Phalacrocorax carbo) or the great crested grebe (Po-
diceps cristatus). Nevertheless, the overall biological
value manifested in species richness and diversity
resulted in granting 10 fishpond complexes in Poland
the status of nature reserves. Ponds Nowokuznicki
and Smolnik protect sites of a rare macrophyte Trapa
natans, pond Wydymacz is a landscape reserve and
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the remaining 7 ponds or pond complexes (Milickie,
Lezczak, Przemkowskie, Broszkowskie, Raszynskie,
Siedleckie and Stawinoga) are waterfowl sanctuaries
[DoBROWOLSKI 1998]. Still other fishponds function
within the Natura 2000 protected areas.

Despite widely acknowledged high non-
productive biological values of fishponds, the envi-
ronmental impact of fish rearing in ponds is still
amatter of debate and controversies. Proponents
(BARSZCZEWSKI, KACA [this volume], KNOSCHE et al.
[2000]) claim that the impact of fishponds on con-
nected surface waters is negligible or even that the
ponds may act as nutrient traps decreasing thus the
progress of eutrophication of surface waters receiving
the effluents from fish production. Opponents (KON-
NERUP et al. [2011], PRADZYNSKA [2004], SARA
[2007]) are of the opinion that fishponds generate
large nutrient loads that are not balanced by fish har-
vest and eventually reach natural waters posing
a threat of advanced eutrophication there. It seems
that the controversy stems from some misunderstand-
ing on what and why may and what and why may not
be retained in fishponds during carp (or any other fish
species) production. Clarifying these misconceptions
is the main aim of this paper.

SOME NOTES ON NUTRIENT CYCLING
IN FISHPONDS

Phosphorus and nitrogen are the main elements
of concern when discussing environmental impact of
fishponds. Both are introduced to the pond with in-
flowing water, atmospheric precipitation, in fish and
their feed and in fertilisers applied to increase the bi-
omass of natural fish feed. Nutrient output from the
pond consists of N and P in harvested fish and in out-
flowing water or that drained at the end of the rearing
season. The difference between the former and the
latter makes the retention (positive or negative) of
nitrogen and phosphorus in the fishpond [KNOSCHE et
al. 2000] and the balance may be dealt with as
a measure of environmental impact of fish rearing in
artificial water bodies. Apart from being accumulated
in fish biomass, nitrogen and phosphorus undergo
numerous biotic and abiotic transformations in fish-
pond. One has, however, keep in mind different bio-
geochemical properties of nitrogen and phosphorus
resulting in their different behaviour in aquatic eco-
systems.

Phosphorus in its mineral forms is taken up by
aquatic primary producers (algae, cyanobacteria and
macrophytes) and its part is deposited in bottom sed-
iments in organic debris to undergo slow decomposi-
tion there. Intensive algal photosynthesis in hardwater
lakes and ponds (and limed fishponds are such water
bodies) is often accompanied by decalcification. Rap-
idly growing plants utilise bicarbonates, increase pH
and shift the ionic equilibrium to the formation of

carbonate ions. These, together with calcium ions
form insoluble calcite which precipitates in a form of
tiny settling particles (the so-called lake “whiting”) or
as an incrustation covering some macrophytes (main-
ly charophytes). Phosphorus may adsorb on and co-
precipitate with calcite particles [MURPHYe? al. 1983;
OTSUKI, WETZEL 1972] or even convert calcite into
hydroxyapatite [STUMM, MORGAN 1970]. In general,
combination of mineral P with calcite is non-stoichio-
metric and it is impossible to calculate the amount of
immobilised P from phosphate and calcium concen-
trations. Anyway, the resulting products are stable in
bottom sediments unlike e.g. ferric phosphates which
liberate dissolved phosphates under anoxic condi-
tions. Immobilisation of calcium-bound phosphates in
sediments is thus a second (after P withdrawal with
fish biomass) important mechanism of phosphorus
retention in fishponds.

Nitrogen cycling and its possible retention in
fishponds is of quite different character. There is no
single cation on Earth that would precipitate nitrates
in a form of hardly soluble mineral compound. There-
fore, nitrate ions in fishponds may be either taken up
by aquatic biota or denitrified, otherwise they flow
through the water body and are released unchanged to
the recipient stream. Noteworthy, denitrification,
though possible, is unlikely in carp ponds due to bur-
rowing activity of these benthic feeders which, when
searching for food, additionally aerate surface layers
of bottom sediments — possible sites for denitrifica-
tion. This situation is similar to that often met in agri-
culture — excess nitrates from saltpetre fertilisers, if
not taken up by crop plants or soil microorganisms,
are easily washed out to ground or surface waters.
The same is true for ammonium ions both in terres-
trial and aquatic habitats.

Because running waters do not provide adequate
conditions for the development of phytoplankton, they
are usually rich in mineral N forms available for po-
tential primary producers. The situation changes when
such waters are discharged to stagnant water bodies
like natural lakes, fishponds or dam reservoirs. There,
an excess of unused mineral N is immediately taken
up by algae and cyanobacteria which start to “bloom”
and produce large phytoplankton biomass. Such
a mechanism is common for all dam reservoirs fed
with apparently clean river waters (see the case of
heavily eutrophic Siemianéwka Dam Reservoir —
GORNIAK (ed.) [2006]. The effect may also be illus-
trated by results of a study made in Siedlce Dam Res-
ervoir and in the Muchawka River [GASIOR 2012].
The reservoir is used for recreational purposes and
also stocked with fish by the Polish Angling Associa-
tion for the benefit of numerous anglers. River water
is delivered through a side canal to one end of the
reservoirs and discharges at the other end to the same
river. Water samples were taken several times from
the river channel and at the outlet from the reservoir.
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As seen in Fig. 1, nitrate concentrations were several
times higher in the river than in the reservoir water.
When delivered to the reservoir, nitrates were taken
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g. 1. Concentration of nitrate nitrogen (left) and chlorophyll a (right) in river water and in water at the outlet from the dam

reservoir; source: GASIOR [2012] — modified

If one would like to judge the environmental ef-
fect of dam reservoir in Siedlce on the recipient
Muchawka River based exclusively on results pre-
sented in the left graph of Fig. 1, he/she could con-
vincingly (but wrongly) argue that nitrates are trapped
in the reservoir during the whole vegetation season.
This simple example of nitrate behaviour in a dam
reservoir points to a need of dealing with all nitrogen
forms when assessing the environmental impact of
fish production. Apart from the external inputs of
mineral N forms (inflowing water, fertilisation), ni-
trates and ammonium ions may be also generated
within a fishpond itself. Fish consume on average
from 70-90% of given feed, the rest undergoes de-
composition followed by the release of nitrogen,
mainly in a form of ammonium ions [KIBRIA et al.
1997]. Out of all nutrients ingested, fish accumulate
about 25% of them [BOYD, LICHTKOPPLER 1979], the
rest is excreted in a form of faeces (organic N) or re-
leased through gills (ammonium N) [KAUSHIK 1995;
QIAN ef al. 2001]. Fish production increases linearly
but the deterioration of water quality increases expo-
nentially with the increase of feeding rate [BOYD,
LICHTKOPPLER 1979] due to accumulation of nutrient
rich organic matter, both particulate and dissolved.
This organic matter is finally drawn down to the re-
cipient when the pond is drained in autumn.

MISUNDERSTANDINGS ABOUT NUTRIENT
RETENTION IN FISHPONDS

BARSZCZEWSKI and KACA [this volume] applied
the method of “black box” in studying nutrient reten-
tion in fishponds. Their calculations are principally
based on the difference in concentrations between
inlet to and outlet from the pond. This approach may

raise some methodological questions, particularly dur-
ing the fish growth i.e. in cases when there is no water
flow through the pond. Their results, however, seem
to be consistent with the mechanism presented above
with respect to phosphorus and calcium. The authors
found significant retention of both elements in fish-
ponds during carp growth (Tab. 3 in their paper).
There is (not remarked by the authors) a highly sig-
nificant relationship between these two factors (Fig.
2). Moreover, the regression equation (calculated only
from the means since no raw data were available)
demonstrates that the P retention variability was ex-
plained in 94% by the retention of Ca. So high ex-
planatory power of the regression may additionally
suggest that other mechanisms of P removal (like e.g.
fish harvest) from the two fishponds were of minor
importance. This is in concordance with authors’
statement that both ponds were stocked with ¢. 900
carps and managed in a low-productive system. It

P=-1.61+3.73[Ca], p<0.05, R>=0.94

P retained (kg ha™)
N

0.0 0.5 1.0 15 2.0 2.5
Ca retained (Mg ha™)
Fig. 2. Phosphorus retention in fishponds during carp
growth as a function of Ca retention; source: recalculated
from BARSZCZEWSKI and KACA [this volume]
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means that P removed in fish biomass (not given in
the paper) was relatively small. An indirect evidence
of P immobilisation in fishponds by calcium may be
also found in KNOSCHE et al. [2000], who noted that
P retention in their study was irrespective of the
amount of fish harvest.

Conclusions drawn by BARSZCZEWSKI and KA-
CA [this volume] on the retention of nitrates in the two
fishponds under study are, however, a kind of over-
interpretation. As shown above, the decline of nitrate
concentration between the inlet to and outlet from
a fishpond does not mean that nitrates are stored in
pond water or anywhere else but rather that they are
incorporated into algal and/or cyanobacterial biomass
and in this form leave the fishpond when the latter is
drained at the end of season. KNOSCHE et al. [2000]
enlarged their input-output nutrient balance in fish-
ponds by the amounts contained in stocked fish, fertil-
isers and feed and considered the output of nutrients
in fish harvest. Nevertheless, they made the same mis-
take presenting the retention of nitrates in fishponds
and later extending somehow their conclusions over
the entire pool of nitrogen. Moreover, KNOSCHE et al.
[2000] found the highest efficiency of nitrogen reten-
tion in intensively managed fishponds of a fish stock
>4000 kg-ha™', probably due to a large nutrient re-
moval with harvested fish biomass. At low productive
system like that in StawyRaszynskie [BARSZCZEWSKI,
KAcaA, this volume] the output of nitrogen in har-
vested fish is low and overall nitrogen retention is still
less possible.

It is also not clear, if and how the accidental spill
of 80 thousand m® of water from pond 7 (nearly twice
the pond’s maximum volume) was reflected in calcu-
lations of nutrient loads retained in the pond (Tab. 2
and 3 in BARSZCZEWSKI and KACA [this volume]).
Nevertheless, the main objection to the conclusions of
the cited authors is neglecting the organic forms of
nitrogen, both dissolved and particulate, which leads
to a false impression that fishponds may trap this nu-
trient. The discharge of pond water rich in organic
matter and nitrogen at the end of the growing season
may pose a threat to the recipient. One may imagine
the final environmental effect when one compares the
volume of water drained from the two study ponds (c.
40 and 80 thousand m’ from pond 7 and 9, respec-
tively) with the annual mean water flow in the recipi-
ent Raszynka River (several dozen litres per second).
Both ponds were drained at the end of September.
This means that the activity of microbial decomposers
is too low to provide appropriate mineralisation of
released organic matter (low water temperature) and
the absence of primary producers in the river make
the uptake of discharged nutrients impossible. All
these facts incline to highly possible expectation that
the environmental effects of fishponds are profound
and far reaching.

OTHER ASPECTS OF NUTRIENT BALANCE
IN FISHPONDS

To reliably estimate the environmental effect of
carp rearing in fishponds one should have for com-
parison a reference pond fed with the same water but
not subjected to aquaculture. This is unrealistic, but
the nutrient balance in such ideal situation should be
as follows: N or P in fish at the beginning of the sea-
son + N or P in feed + N or P in fertilisers — N or P in
fish harvested at the end of season. Literature data on
nutrient partitioning in carp ponds (in percent of the
total nutrient input) show that 34% of N and 43% of P
is accumulated in fish biomass, the remaining
amounts are divided among water, bottom sediments
and aquatic biota — phyto- and zooplankton and ben-
thic macroinvertebrates [RAHMAN et al. 2008]. Many
methods have been proposed to deal with these differ-
ent nutrient pools in order to minimise the environ-
mental impact of fishponds.

Water flowing out of fishponds is rich in nutri-
ents both in particulate and dissolved forms. The con-
struction of additional settling ponds have been pro-
posed to decrease the effect of the former and con-
structed wetlands — to manage the dissolved nutrients
in pond effluents [KONNERUP ef al. 2011]. Some-
times, aquatic plants (e.g. the sea lattuce Ulva lac-
tuca) are grown in separate ponds or tanks accompa-
nying fish and abalone aquaculture. Effluents from
fishponds are directed to plant culture where they are
deprived of nutrients (30% reduction) and photosyn-
thetically aerated to be later re-circulated back to fish-
ponds. Plant biomass produced this way is used as
feed for abalones [SCHUENHOFF ef al. 2003]. Nutrient-
rich bottom sediments of fishponds were used in the
past (at least in Poland) as fertile soils for growing
cereals in a specific, alternating every three-four
years, aquaculture-agriculture system [LIRSKI 2007].
Various fish species are often reared in polyculture
systems. The common carp (benthic feeder) is kept in
the same pond with the silver carp (Hypophthalmich-
thys molitrix) feeding on phytoplankton, the grass
carp (Ctenopharyngodon idella) feeding on macro-
phytes and, especially in Southeast Asia, with Chinese
and Indian carps: an omnivorous mrigal (Cirrhinus
mrigala) and zooplanktivorous catla (Catla catla).
This way all kinds of natural fish food are utilised
more economically, nutrient cycling is “tightened”
and less nutrients are discharged in effluents [HRYCY-
NIAK et al. 2011; KESTEMONT 1995]. Fish yield in
such multi-species aquaculture is usually larger than
in monoculture ponds.

It is not the place here to discuss other issues
(including e.g. legal requirements put on fishpond
effluents) of the environmental impact of fishponds
(see e.g. O’BRIEN and LEE [2003]). The controversies
about the effects of fishpond effluents still seem far
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from being settled. Both the discussions and practical
protective measures undertaken in many places
worldwide indicate, however, that the effects of aqua-
culture on the natural environment are not so benefi-
cial as the proponents would like them to be.

CONCLUSIONS

1. Phosphorus may be retained in substantial
amounts in fishponds. The retention mechanism relies
on the formation of hardly soluble calcium-bound
P compounds and their storage in bottom sediments.
The amount of retained phosphorus does not seem to
be related to the intensity of fish production.

2. Despite the retention of nitrates recorded in
some fishponds, the overall nitrogen balance is prob-
ably negative — much of nitrogen may leave fishponds
in a form of organic, particulate and/or dissolved
form. These may pose a serious threat to the quality of
recipient river.

3. Detailed balance of all forms of nutrients are
needed to reliably assess the environmental impact of
fishpond effluents.
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Czy stawy rybne sa rzeczywi$cie pulapka dla pierwiastkéw biogennych? — krytyczny komentarz
do pewnych prac prezentujacych taki poglad

STRESZCZENIE

Stowa kluczowe: obieg i akumulacja pierwiastkow biogennych, uwalnianie azotu, wspolstrqcanie fosforu
i wapnia

Nadal nierozstrzygnigty pozostaje spor o srodowiskowe oddzialywanie stawdw rybnych, szczegolnie w od-
niesieniu do ich zdolno$ci zatrzymywania pierwiastkow biogennych. W artykule przedstawiono podstawowe
zasady obiegu pierwiastkow biogennych w wodach ptynacych i stojacych oraz biotyczne i abiotyczne przemia-
ny, ktorym podlegaja te pierwiastki w wodach zbiornikoéw zaporowych czy stawoéw rybnych. Odwotujac si¢ do
tych zasad, przedstawiono uwagi krytyczne wobec pewnych badan, ktérych autorzy dowodza retencyjnych zdol-
nosci stawdéw rybnych, zwlaszcza zdolnosci do retencji azotu. Jako posredni dowdd potencjalnych zagrozen,
w koncowej czgsci artykutu przedstawiono rozne zabiegi i sposoby, ktore sa podejmowane, by te zagrozenia
minimalizowac.
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