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Background. Fish pond management can substantially modify the hydrological regime and ecological quality of
receiving waters (usually rivers, canals, and ponds downstream in an interconnected system) with potentially pos-
itive or negative impacts on watershed functioning. To evaluate these effects with respect to carp pond manage-
ment, the environmental impacts of semi-intensive farming on discharged water quality were monitored at four
differently managed carp ponds, differing in trophic status (two eutrophic and two hypertrophic ponds).
Materials and methods. Fundamental determinants of pond inflow and outflow water quality were monitored
monthly from April to October 2009. Water temperature, pH, and dissolved oxygen concentration and saturation
were measured in situ whilst hydrochemical and microbiological parameters were assessed in the laboratory.
Results. Compared to the inflow water, in the effluents there was a significant decline in numbers of bacterial load-
ing indicators (Escherichia coli, enterococci, faecal coliform and mesophilic bacteria) in the outflow water. In
ponds with the poor quality inflow water (downstream of water treatment plant discharges), a significant decrease
was also registered in nutrients (N-NH4, N-NOjs, total nitrogen, P-PO,, and total phosphorus) and organic loads?
(five-day biological oxygen demand, chemical oxygen demand) of pond effluents. At the pond supplied with good
quality river water, however, the same determinants showed that effluent water quality worsened significantly.
Total organic carbon and suspended solids increased in effluents of ponds with high fish biomass stocked.
Conclusion. The results demonstrate that, during the growing season, properly managed carp ponds represent
ecosystems with high self-cleaning ability. They may play an important role in the nutrient balance, storage and
trapping in agricultural landscape with high population density.
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INTRODUCTION

The environmental effects of aquaculture range from high-
ly detrimental to highly beneficial, depending on the perspec-
tive of the observer and the type of aquaculture activity
(Bert 2007). The influence of intensive aquaculture (trout
farming in particular) on discharged water quality has been the
topic of many studies since the second half of the 20th centu-
ry (Alabaster 1982, Einen et al. 1995, Bergheim
and Asgard 1996). Common carp production, however, as
practiced in Central and Eastern Europe (i.c., in semi-intensive
fish ponds), has not been studied nearly as much, despite many
indications that it can have a significant positive or negative
influence on the water quality of the receiving water body.

Pond farming is an aquacultural technology tightly
linked with its surrounding environment, influencing it and

being reciprocally influenced by it. The extensive and
semi-intensive management systems typical for Czech
pond aquaculture include complex production methods
with numerous important links within the pond environ-
ment itself, to other connected ponds, and to the surround-
ing ecosystem. In consequence, watershed management
upstream of fish ponds can significantly affect their func-
tioning by either enhancing or reducing productivity.
Further, fish pond management can substantially modify
the hydrological regime and ecological quality of receiving
waters (usually rivers, canals, and ponds downstream in an
interconnected system), again with potentially positive or
negative impacts on watershed functioning. Depending on
the management measures used to improve and/or control
productivity, therefore, fish ponds can either discharge
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harmful waste water into downstream water systems, or act
as water bodies in which beneficial ecological processes,
including natural self-purification (biodegradation of
organic matter, nutrient retention, etc.), can take place.

Up until the beginning of the 20th century, intensifica-
tion measures were not used by carp fish pond farmers.
During the 1930s, however, liming and manuring (addi-
tion of organic fertiliser) of ponds became commonplace
(Pechar 2000) and, by the 70s and 80s, fertilisation (addi-
tion of organic and/or inorganic fertiliser) and the use of
artificial feeds had become common means of intensifica-
tion. At present, two principal means of “intensification”
are applied in the Czech Republic (neither of which
approach “intensive” fish farming technologies): “exten-
sive” culture, in which fish production is based exclusive-
ly on natural food resources; and “semi-intensive” cul-
ture, based on natural diet supported by fertilisation
and/or by supplemental feeding, mainly of cereals
(approximately 25%-30%; Adamek et al. 2008).
Although technologies applied in pond farming show
great diversity, semi-intensive polyculture remains the
dominant form of pond management practice in the Czech
Republic and, more generally, in Central and Eastern
Europe. The combination of increasing municipal, indus-
trial and agricultural sources of pollution and eutrophica-
tion with such intensification measures, however, has
resulted in extremely high nutrient input into pond
ecosystems since the last decades of the 20th century
(Fasaic et al. 1989, Muscutt et al. 1993). Despite pond
manuring and fertilisation being severely restricted by law
in Czech fish ponds at present, fish feeding (though limit-
ed) and stocking density are still frequently blamed by
nature protection and water management agencies for sig-
nificant deterioration in discharged water quality.

At ponds surrounded by arable land, agricultural runoff
has frequently led to eutrophication in ponds (Knud-
Hansen et al. 2003, Nhan et al. 2006); while fish pond
management, e.g., excessive fish-stock biomass, may also
have a direct influence on bacterial numbers, with bacteri-
al populations enriched to such an extent that water quali-
ty is too poor for recreation (Markosova and Jezek 1994).
The main chemical elements contaminating pond waters
are phosphorus (P) and nitrogen (N). Under Central
European conditions, the trapping and storage of P and N
is considered an important function of fish ponds, as doc-
umented in numerous German, Austrian, Hungarian,
Polish, and Czech studies (Gergel and Kratochvil 1984,
Olah et al. 1994, Kainz 1985, Kndsche et al. 2000,
Drabinski et al. 2010). Highest P values have been usually
found in sediment deposits that, according to Bir6 (1995),
can store 100—1000 times more nutrient than water.

Pond aquaculture has very deep historical roots in Central
Europe. In recent years, however, fish ponds have also come
to be considered as an integral part of the landscape (Ciesla et
al. 2008), with ponds currently playing an important role in
recreation, water management, and nature protection. In addi-
tion, many Czech fish ponds primarily designed for fish farm-
ing also serve as recipients of pollution, predominantly in the

form of high nutrient loading from waste water treatment
plants (Hetesa et al. 2002). The multifunctional role of Czech
ponds results in relatively low production figures com-
pared to intensive pond aquaculture, the average yearly
figure being slightly below 500 kg per ha (of which carp
make up about 450 kg per ha; Adamek et al. 2008).

In this study, we evaluate and compare the water qual-
ity at pond inlet and outlet canals during the fish growing
season from ponds subject to a range of pressures and
management styles. The study sites selected include
ponds supplied partly or fully with water discharged from
waste-water treatment plants and from unpolluted river
water. Thus, the aim of the study was to estimate the
nutrient and bacterial loadings of water discharged contin-
uously from carp ponds compared with the pond inflow
loadings.

MATERIAL AND METHODS

Study sites. Monitoring was performed from April to
October 2009 on four earthen ponds (often referred to as
carp ponds in Central Europe) in South Moravia (Czech
Republic) managed under different regimes:

1. Two on-growing ponds designated for two-year-old
fish production:
« extensively farmed Kurd¢jovsky pond (KUR;
48°56'1"N, 16°46'40"E),
+ semi-intensively farmed Sibenik pond (SIB;
48°47'0"N, 16°37'49"E), and
2. Two marketing ponds designated for marketable (usu-
ally three-year-old) fish production:
» extensively farmed Nesyt pond (NES;
48°45'59.65"N, 16°44'8.561"E) with two inlets:
— Valticky brook (VAL) and the
— V¢elinek canal (VCE), and,
* the semi-intensively farmed Vrko¢ pond
(VRK; 48°55'30""N, 16°33'46"E).

All four ponds are located in depressions surrounded
by arable land. Basic data on pond characteristics and fish
stocking densities are presented in Tables 1 and 2, respec-
tively. Nesyt pond is situated in a National Nature
Reserve and fish farming management is practised
according to a maintenance program set down by the
Agency for Nature Conservation and Landscape
Protection of the Czech Republic.

The ponds studied have been stocked with eight fish

species: grass carp, Ctenopharyngodon idella
(Valenciennes, 1844); bighead carp, Hypophthalmichthys
nobilis (Richardson, 1845); silver carp, Hypo-

phthalmichthys molitrix (Valenciennes, 1844); tench, Tinca
tinca (L.); wels catfish, Silurus glanis L.; northern pike,
Esox lucius L.; and pike-perch, Sander Iucioperca (L.)
(Table 2).

Methods. Water quality parameters were monitored
monthly at both inlet- and outlet canals and the data
obtained were presented as inflow/effluent comparisons.
Water temperature, pH, and dissolved oxygen (DO) concen-
tration and saturation were measured in sifu using a HACH
Lange HQ40d multimeter. Hydrochemical parameters
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Table 1
Basic characteristics of the ponds studied
Inflow [L-s™]

Area  Trophic Outflow Retention Time Yearly fish
Pond ! production

[ha] status Value Source [L-s] [days] [ke-ha ']
KUR 6.58 E 26+1.1 WTP 0.7+0.3 104 737
SIB 28.65 E-P 17.0+9.9 WTP 16.2+£10.0 168 1071

76.2+44.2 P (VCE)

NES 289.66 EU 72473 WTP (VAL) 67.8+118.8 184 716
VRK 156.08 E-P 314.8 £209.8 R 25.8+39.5 88 1112

KUR = Kurd&jovsky pond, SIB = Sibenik pond, NES = Nesyt pond, VRK = Vrko¢ pond; E = eutrophic, E-P = eutrophic to
polytrophic (according to Adamek et al. 2010); WTP = water treatment plant, P = pond, VCE = V¢elinek canal, VAL =

Valticky brook, R = river.

Table 2
Fish stocking densities of the ponds studied
. . Age Stocking density [kg-ha™]
Fish species [years] KUR SIB NES VRK
1 38
Common carp, Cyprinus carpio 2 168 29 76
ornmon catp, typrinus carpt 3 405 201 379
4 64
1 30
Grass carp, Ctenopharyngodon idella 3 84 14
4 1
Bighead carp, Hypophthalmichthys nobilis 2 33
Silver carp, Hypophthalmichthys molitrix 2 13
) . 1 30
Tench, Tinca tinca 4 6 2
1 2
Wels catfish, Silurus glanis 2 1
3 + 5
Northern pike, Esox lucius ; ! 4 +1
1 +
Pike-perch, Sander lucioperca 2 + 1
5 1
TOTAL 106 692 237 554

KUR = Kurdgjovsky pond, SIB = Sibenik pond, NES = Nesyt pond, VRK = Vrko¢ pond; + = density <0.5 kg - ha™'.

assessment covered suspended solids (SS), biochemical
oxygen demand (BODs), chemical oxygen demand
(CODyyy), total organic carbon (TOC), N-NHy4, N-NO;, total
nitrogen (TN), P-PO,, total phosphorus (TP), chlorophyll-a,
and trophic potential. Microbiological evaluation included
evaluation of enterococci, Escherichia coli, faecal coliform
bacteria count (FCB), and mesophilic (22°C) organisms
count (MO). Both hydrochemical and microbiological
parameters were assessed at the TGM Water Research
Institute laboratories in Brno certified according to ISO
9001: 2009, using accredited methods”. No data were avail-
able for September at the KUR outlet as there was no dis-
charge due to an exceptionally hot and dry summer season.

Statistical analysis. The Student’s #-test was applied in
order to test for differences between water quality param-
eters from pond inlets and outlets. For this purpose, the
data from individual sampling campaigns in individual

sites (In, Out) were pooled to compare the differences
between the inflow (“In”) and effluent (“Out”) water qual-
ity parameters. In cases of heterogeneity of variances
(F-test) the #-test for separate variation estimates was used.

RESULTS

Kurdéjovsky pond (KUR). Compared to the inlet
canal, at the outlet canal of this pond a highly significant
decrease (P < 0.01) was observed in enterococci numbers
(Table 3) and TN content (Table 4), with E. coli numbers
and MO (22 °C) (Table 3), and trophic potential, phos-
phates (P-PO,), TP, ammonium (N-NH,), and nitrates
(N-NO;) (Table 4) also showing a significant decline
though at a slightly lower level (P < 0.05).

Sibenik pond (SIB). Compared to the inlet canal, at the
outlet canal of this pond a highly significant decrease
(P < 0.01) in P-POy4, TP, N-NO; (Table 4), and in trophic

* Certificate of Good Laboratory Practice No. 389 for the T.G. Masaryk Water Research Institute, p.r.i., Brno Branch Office testing laboratory, Issued by: ASLAB
Stedisko pro posuzovani zpusobilosti laboratofi, Prague 2010. Registration number 4051.
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potential (Table 5) was recorded; while a significant
(P < 0.01) increase was recorded in DO concentration,
pH, oxygen saturation (Table 6), and chlorophyll-a con-
tent (Table 5). There was also a slightly less significant
(P < 0.05) decrease in microbiological parameters, with
a drop in enterococci numbers, E. coli numbers, faecal
coliform bacteria (Table 3), and in TN (Table 4). At the
same time, there was a significant (P < 0.05) increase in
BOD; (Table 6) and TOC (Table 5).

Nesyt pond (NES). Inflow water quality differed consider-
ably between the two inlet canals (VCE and VAL). Faecal col-
iform bacteria and E. coli numbers were significantly (P <0.01)
higher at VCE compared to outlet water quality (Table 3); and
significant levels (P < 0.05) were also recorded in discharged
SS (presented as dry matter at 105°C) content (Table 4).

Compared to VAL, outlet water quality showed a sig-
nificant increase in DO concentration, pH and oxygen sat-
uration (Table 6), and in chlorophyll-a concentration
(Table 5). There was a significant (P < 0.01) decrease in TP
concentration at the outlet compared to VAL, but not for
VCE (Table 4). The outlet also had significantly (P < 0.05)
lower levels of E. coli (Table 3), P-PO4, TN and N-NH,4

concentrations (Table 4), and a lower trophic potential
(Table 5) compared to the VAL inlet.

The Vrko¢ pond (VRK). The VRK outlet showed
significant (P < 0.01) declines in TN and N-NOj concen-
trations (Table 4) and in trophic potential (Table 5). On
the other hand, significant increases (P < 0.01) were
observed in SS content (Table 4) and, at a lower level of
significance (P < 0.05) in BODs, CODy,, (Table 6) and
chlorophyll-a concentration (Table 5).

DISCUSSION

Water quality differed considerably between the inlet
canals and between the two inlets (VCE and VAL) at the
NES pond in particular. The VCE canal is an artificial
waterway bringing water from upstream ponds, NES being
the third pond downstream in a connected series of six large
carp ponds. Treated water from a small village (~1300
inhabitants) waste water treatment plant (WWTP) is dis-
charged immediately upstream of the VCE sampling site.

VCE water quality, however, is considered adequate
for the purposes of pond management as it does not carry
any noticeable loading (Rozkosny et al. 2011). On the

Table 3
A comparison of microbiological parameters of the inlet- and outlet waters of the ponds studied
Pond Sampling site Enterococ?i Escherichia foli FCB ) MO )
[CFU -mL ] [CFU -mL '] [CFU -mL '] [10°CFU -mL"]
KUR In 30.9+18.24 19.1+17.72 33.0+38.0 79.0 + 56.4°
Out 3.7+3.88 1.7+1.4° 3.0+4.0 229+ 14.6°
SIB In 41.4 £36.2° 37.3+31.1* 66.0 +45.0° 262 +13.7
Out 1.5+1.1° 1.0£0.8° 3.0+£2.0° 16 800 + 9229
In VCE 8.5+8.1 26.5+ 18.7° 43.0£22.04 13.3+6.8
NES In VAL 1425 + 1641 8699 + 9607° 13 345+ 15571 5834 + 7668
Out 19+14 25+£2.8° 6.0 £ 6.08 8.8+3.5
VRK In 10.0 £ 14.9 13.6+£16.8 27.0 £38.0 21.1+11.2
Out 13.4+23.6 0.5+0.5 1.0+£2.0 15.8+8.3

Data are mean + standard deviation; Data with superscripts differed significantly at P < 0.05 (lowercase) or P <0.01 (upper-
case); KUR = Kurdé&jovsky pond, SIB = Sibenik pond, NES = Nesyt pond, VRK = Vrko¢& pond, VCE = Véelinek canal, VAL
= Valticky brook; CFU = colony forming unit, FCB = faecal coliform bacteria, MO = mesophilic organisms number (at

22°C); In = inlet (inflow), Out = outlet (effluent).

Table 4

A comparison of hydrochemical parameters and t-test between of the inlet- and outlet waters of the ponds studied

Pond  Sampling P-PO, TP SS N-NH, N-NO, TN
site [mg-L"] [mg-L7] [mg-L"] [mg L] [mg-L™] [mg-L"]
Kur I 0.62+028  096=031* 2417+1090 591+3.75°  1.46+094* 882+2.69*
Out 021+£022°  0.49+033° 3500+45.61  1.00+0.84°  033+0.28° 2.82+1.265
g In 2.69+0.84%  335+0.924 2433+1029 3.75+5.18 420+238% 10.75+ 6.40°
Out 0.92+047°  126+039® 2833+925  0.19+0.15 0.53+0.73®  331+1.27°
In VCE 0.32+£0.26*  0.63+0.29* 71.50+£29.85% 0.21+0.16*  045+040  2.71+0.934
NES In VAL 323+£1.92°  472+2.69% 4850+3649F 9.81+10208 1.73+1.77 16.03+11.74"
Out 038+0.16°  0.60+0.13* 3533+7.87%  024+0.12%  0.17+0.11  2.68+0.944
. 0.28 +0.20 048+021 38.50+18.57* 0.51+0.54 21241214 4.75+0.504
Out 0.18 +0.08 046+0.12  99.33+37.63® 0.08+0.07 0.29+0.398  3.03+0.88"

Data are mean + standard deviation; Data with superscripts differed significantly at P < 0.05 (lowercase) or P <0.01 (uppercase);
KUR = Kurdgjovsky pond, SIB = Sibenik pond, NES = Nesyt pond, VRK = Vrko¢ pond, In = inlet (inflow), Out = outlet (efflu-
ent), VCE = V¢elinek canal, VAL = Valticky brook; TP = total phosphorus, SS = suspended solids, TN = total nitrogen.
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Table 5
A comparison of TOC values, chlorophyll-a content, and trophic potential of inlet- and outlet
waters of the ponds studied
. . TOC Chlorophyll-a Trophic potential
Pond Sampling site [mg-L] [ng-L ] [mg- L]
KUR In 12.13+1.51 7.80 = 11.38 195.42 +50.48*
Out 14.42 +£535 53.14 £98.97 111.52 £37.50°"
SIB In 12.32 +£4.69° 10.93 £4.104 395.08 = 118.624
Out 17.60 £2.95° 139.57 £ 58.998 141.36 + 84.08®
In VCE 14.70 +2.90 98.35+40.13® 116.90 + 81.264
NES In VAL 30.22+£24.94 8.28 £ 11.46° 285.50 £ 99.968
Out 16.80 = 3.73 5530 +41.17° 133.72 +£101.324
VRK In 14.93 £4.09 86.57 £57.27¢ 152.78 £39.254
Out 20.13+5.18 172.47 £ 66.01° 69.52 +38.26"

Data are mean + standard deviation; Data with superscripts differed significantly at P < 0.05 (lowercase) or P < 0.01 (upper-
case); KUR = Kurdé&jovsky pond, SIB = Sibenik pond, NES = Nesyt pond, VRK = Vrko¢ pond, In = inlet (inflow), Out =
outlet (effluent), VCE = V<¢elinek canal, VAL = Valticky brook; TOC = total organic carbon.

Table 6
A comparison of physico-chemical parameters of the inlet- and outlet waters of the ponds studied
Samplin DO O, saturation BOD COD,,, Water
Pond Ge't P gL (% e s I S
KUR In 7.93+0.16 6.02 +1.04 64.90 + 11.55 3.90+1.22 6.35+0.73 176+ 1.6
Out 7.94+0.19 7.16 £ 1.64 78.08 £17.15 6.59 + 6.49 8.71 £3.09 184+2.9
SIB In 7.67 +0.094 4.01£0.63* 4352+6.25%  3.54+3.00° 6.84 +0.83 18.0+2.1
Out 8.74+0.178 8.63+0.705  98.03 +£7.258 8.10 +3.20° 8.06+1.17 204+32
In VCE 8.10£0.20° 772+ 1174 84.57+9.364 7.67 £ 1.81 6.18+1.13 18.8+2.5
NES InVAL 7.78 +£0.16 2.75+1.808  29.02+£19.49®% 28.14+3343 12.53+£6.55 15.5+2.1
Out 8.12+0.27*  623+1.62% 68.40+19.24* 5.17+2.52 7.67+2.10 182+2.7
VRK In 8.07 +£0.47 842 +1.11 91.72 £8.75 6.87 £2.31° 8.94 +1.32¢ 18.5+2.8
Out 7.99 +0.32 6.87 +£2.09 72.00+£23.67 11.12+3.30° 10.72+1.54° 19.4+3.0

Data are mean =+ standard deviation; Data with superscripts differed significantly at P < 0.05 (lowercase) or P <0.01 (upper-
case); KUR = Kurd&jovsky pond, SIB = Sibenik pond, NES = Nesyt pond, VRK = Vrko¢ pond, In = inlet (inflow), Out =
outlet (effluent), VCE = V<elinek canal, VAL = Valticky brook; DO = dissolved oxygen, BODs = biochemical oxygen

demand, COD),, = chemical oxygen demand.

other hand, the VAL inlet suffered from severe loading by
untreated waste water discharged from an upstream
WWTP (serving ~3600 inhabitants) that was undergoing
complete reconstruction during the sampling campaign.
This led to dramatically increased figures for inflow bac-
teria and nutrient loading, particularly during April-June
and October 2009 (Figs. 1 and 2) when no treatment
(except for sedimentation) was provided. The oxygen
regime of the VAL inflow also altered dramatically dur-
ing these periods (Fig. 3). As a result, average bacterial
counts were linked with extremely high standard devia-
tions, making proof of significant difference between
inflow and outflow water impossible, despite differences
in enterococci, E. coli and faecal coliform bacteria rang-
ing between thousands of CFU - mL ! and single digit fig-
ures, and MO levels ranging from millions to thousands
CFU - mL ! between inflow and outflow waters (Table 3).

Water quality based on saprobiological evaluation of
macrozoobenthos improved significantly at the pond out-
lets (Vsetickova and Adamek 2012). This was in good
accordance with the values of microbiological parameters

(Table 3), which showed significant declines in the outlets
of all ponds under study. Most evident was the decline in
enterococci at the KUR outlet, which dropped from 32.0
to 0.75 CFU - mL™! in October, representing a 97.7-per-
centage-point reduction. A similarly high reduction was
recorded for the July SIB samples, which dropped from
74 to 0.78 CFU - mL™!, which is a 98.9-percentage-point
decrease. Counts of E. coli also declined at pond outlets,
with the most noticeable contrast seen at the NES pond
(VAL inlet to NES outlet) in May, when E. coli were
reduced from 22 000 CFU - mL™! to only 0.2 CFU - mL"!
at the outlet. The decrease in MO level was most obvious
at the KUR pond in October, with a 92.9-percentage-point
reduction (181 000 to 12 850 CFU - mL ).

Values of pH increased slightly at the outlets and this
was clearly related to an increase in chlorophyll-a content
(Tables 5 and 6). The most significant change in pH was
recorded at the SIB pond in June when pH increased from
7.57 to 9.0, corresponding to a 15.9-percentage-point
increase. Concurrently, the inflow DO concentration and
chlorophyll-a content increased from 3.5 to 12.8 mg - L',
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and from 10.1to 173 mg - L', respectively in pond out-
let. The only exception in pH dynamics was at VRK,
where pH was lower at the outlet, though the difference
was negligible (<1 percentage point) and was probably
associated with increased respiration of the pond ecosys-

Enterococci

tem (Milstein et al. 1991) in summer. Trophic potential
was lowered at pond outlets, which denotes nutrient reten-
tion by the pond, a fact already indicated by the largely
significant decreases in nutrient concentration in outflow
waters (see Table 4). The decrease in trophic potential was

Escherichia coli
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Fig. 1. Seasonality of the bacterial load at the Nesyt Pond (NAS) inlets (VAL = Valticky Brook; and VCE = V¢elinek
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Fig. 2. Seasonality of the nutrient loading at the Nesyt Pond (NAS) inlets (VAL = Valticky Brook; and VCE =
V¢elinek Canal) and outlet (OUT); TP = total phosphorus
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most pronounced in October when it was reduced by 99.2
percentage points (from 605.4 mg - L™ to 5.0 mg - L)
at the SIB pond and by 94.9 percentage points (from
97.5mg - L'to 5.0 mg - L") at VRK.

The decrease in nutrient concentrations was observ-
able for all monitored forms of N and P, namely P-POy,,
TP, N-NHy, N-NO3, and TN. Our results confirm, there-
fore, that ponds have significant self-cleaning abilities
(see Davies et al. 2001). According to Nhan et al. (2008a),
concentrations of N and P were increased in water dis-
charged from excreta-fed aquacultural ponds; however,
nutrient input loading in that study was extremely high
compared to the type of aquaculture practised in the
Czech Republic.

Contrarily, content of TOC and SS increased at pond
outlets due to increased primary production (as obvious
from significant increase of chlorophyll-a concentration)
and, in particular, due to bioturbation activities of ben-
thivorous carp, which are capable of deep penetration into
bottom sediments during feeding (Roberts et al. 1995).
According to Kloskowski (2011), bioturbation effects
were more pronounced in ponds with older carp, which
expel large quantities of SS and, consequently, nutrients
into the water column, thus enhancing phytoplankton pro-
duction. The author considers carp-induced effects on
environmental conditions as both size and density
dependent. This was confirmed by our observations of
stronger effects at the VRK pond, which is stocked with
market-size fish and whose mean individual size was the
highest of all the ponds (Table 2). Bioturbation processes
also caused an obvious increase in BODs and CODy, val-
ues at pond outlets. The only exception was the NES
pond, which showed a decline in SS concentration, BOD5
and CODy,, values. Here, low fish stocking density and
levels of production (Rozkosny et al. 2011) due to man-
agement restrictions (mainly limited carp stocking)
imposed by the NES Nature Reserve have resulted in
lower bioturbation disturbance by carp which, in turn, has
lead to considerably lowered resuspension of sediments
into discharged water. Increased COD discharge and total

suspended solids were also documented by Nhan et al.
(2008a) in highly loaded excreta-fed aquacultural ponds,
where they estimated that about 9% of input-N was recov-
ered in harvested fish while 52% was accumulated in
pond sediments. When considering our data on nutrient
and COD discharge, however, one must keep in mind that
they describe the circumstances valid for the growing sea-
son only, when food supply and bioturbation due to feed-
ing activities of benthivorous fish are the major source of
discharged SS and nutrients. As mentioned by
Schreckenbach et al. (2000), the amount of organic mat-
ter present in the water column (and thus in discharged
water) will be highest at the time of pond harvest.

DO concentrations and oxygen saturation values were
significantly higher at the KUR, SIB, and NES pond out-
lets; whereas values at the VRK outlet were lower com-
pared to its inlet water. Though the inlets of VRK provide
good quality water (partly of river origin), substantial
amounts of water are extracted from the pond for irriga-
tion purposes, resulting in approximately 90% of inflow
water exiting the pond prior to reaching the pond outlet
(Rozkosny et al. 2011). This fully corresponds with Nhan
et al. (2008a), who concluded that pond DO concentra-
tion, water exchange and nutrient discharges interacted
and were strongly affected by input levels.

The SIB pond ecosystem has also been studied by
Hetesa et al. (2002), who compared the response of the
SIB and the nearby Uvalsky pond ecosystems to heavy
municipal pollution. Whilst high nutrient loading resulted
in well-developed phytoplankton that suppressed devel-
opment of macrophytes in the SIB pond, submersed
macrophytes were the dominant producers in the Uvalsky
pond, which totally prevented the development of small
planktonic algae. According to the authors, however, both
ponds exerted satisfactory self-purification effects. They
estimated the TP, NO3-N and NH-N removal rates as 57,
47, and 34 percentage points, respectively. The corre-
sponding values calculated for the SIB pond (our study)
were 37, 52, and 68 percentage points, respectively.

The extraordinarily high self-purification capacity of
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pond ecosystems has been documented by Mlejnkova and
Horakova (2009), who showed that approximately three
months after semi-liquid manure application, the level of
faecal and organic indicators in treated ponds did not sig-
nificantly increase and did not significantly differ from
non-manured ponds. In a pond supplied with municipal
waste water, they demonstrated a highly significant
decrease in average numbers of faecal indicators (E. coli)
at the pond outflow. This is in accordance with our own
observations. The presently reported our own observa-
tions yielded similar conclusions. Similar results were
also reported by Kuczynski et al. (2003), who registered
a thousand-fold reduction in bacteria numbers and col-
iform titre values in waters discharged from ponds sup-
plied with biologically pre-treated municipal sewage.
Comparative assays conducted in ponds, supplied with
river water, provided values identical with those observed
in the ponds supplied with sewage. Baumstark-Khan et al.
(2003) and Niemi and Niemi (1991) both found that high-
est nutrient and bacterial pollution levels were found in
samples from drainage canals collecting runoff water
from fields, and not from the receiving ponds. Indeed,
according to Petersen et al. (2002), integrated fish farm-
ing seems to favour antimicrobial-resistant bacteria.

In recent years, pond manuring has been strictly limited
by law in the Czech Republic and is now almost never used
due to the high trophic levels (occasionally to hypertrophy)
reached. The main variables in Czech pond water quality,
therefore, are related to food input and hydraulic retention
rate, a situation identical to that noted by Nhan et al. (20006)
for ponds of the Mekong delta in Vietnam. Nhan et al.
(2008b) found that only 5%—6% of TN, TOC or P introduced
into ponds was recovered in harvested fish, around 29, 81,
and 51%, respectively, being accumulated in sediments.

The results of our monitoring have shown that properly
managed Czech carp ponds are relatively safe for the envi-
ronment during the fish growing season, being not only fish
producing facilities but serving also as important elements
in the nutrient cycle, acting as sources and sinks for nutrients
and as effective natural biofilters and digestors of various
organic wastes. Nevertheless, it must be kept in mind that
subsequent pond harvesting can represent a potential risk
regarding discharge of considerably increased amounts of
SS and nutrients (P in particular) into the receiving waters.
Future research, therefore, should focus on these issues with
the aim of elucidating the role of the various farming and
harvesting techniques and of the measures available for
reducing the impact of increased nutrient loads from sedi-
ment discharges during harvesting operations.
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