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ABSTRACT: Using the common carp Cyprinus carpio L. in polyculture ponds to increase both
phyto- and zooplankton availability has become a popular practice for the cultivation of plankti-
vorous fish, such as rohu Labeo rohita Hamilton. However, the dynamics of how common carp
influences the environment and ecology in polyculture ponds are unclear. In the present study, the
effects of various stocking densities (0, 0.5 and 1 m~2) of common carp on the dynamics of nutri-
ents, phytoplankton, zooplankton and benthic macroinvertebrates were investigated every other
week over a 137 d period in rohu (density: 1.5 m~2) ponds under fed and unfed conditions. All envi-
ronmental parameters and all groups of phytoplankton, zooplankton and benthic macroinverte-
brates significantly changed over time, although trends in these changes were inconsistent at dif-
ferent common carp densities. The correlation between phosphate-phosphorus (PO,4-P) and total
phytoplankton biomass indicated that the phytoplankton biomass was limited by low PO,-P con-
centrations in ponds without common carp. Common carp-driven resuspension increased N and P
fluxes from the sediment to the water column and subsequently increased primary and secondary
production. A stocking density of 0.5 common carp m~2 had strong effects on nutrients and both
phyto- and zooplankton availability, with an increasing trend over time. These effects were par-
tially lost in ponds with 1 common carp m™2, which can be considered as overstocking. This study
suggests that an optimal density of common carp can be used as a management tool to manipulate

the aquaculture environment for better growth and production of fish.
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INTRODUCTION

Most of the nutrients in ponds are stored in
bottom sediments in both organic and inorganic
forms (Briggs & Funge-Smith 1994, Boyd 1995, Rah-
man et al. 2008). According to Biro (1995), sediment
can store 100 to 1000 times more nutrients than
water. Transference of nutrients back into the water
column by the resuspension of sediment can have
an important influence on the limnology of ponds
(Zambrano & Hinojosa 1999, Rahman et al. 2010).
Several fish species often resuspend sediment; the
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best known is the common carp Cyprinus carpio
(Costa-Pierce & Pullin 1989, Rahman et al. 2008).
The common carp feeds on benthic organisms, and
it often affects aerobic decomposition of organic
matter and nutrient availability in the water column
via bioturbation of benthic sediment (Breukelaar et
al. 1994, Cline et al. 1994, Rahman et. al. 2010). An
increase in nutrient availability may enhance photo-
synthesis and the related phyto- and zooplankton
production (Rahman & Verdegem 2007). Therefore,
common carp is commonly used in polyculture
ponds to increase both phyto- and zooplankton
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availability for planktivorous fish. Planktivorous fish
reduce algal biomass and water turbidity, which in
turn has an important impact on photosynthesis
(Rahman 2006, Rahman & Verdegem 2007). There-
fore, the combined effect of benthivorous and plank-
tivorous fish on pond limnology is highly complex
and has not been well quantified.

If resuspension of sediment by common carp is ex-
cessive, soluble phosphorus availability and water
clarity typically decrease (Holdren & Armstrong
1980, Bostrom et al. 1988, Barton et al. 2000), thereby
reducing photosynthesis and phytoplankton produc-
tion. Therefore, the effect of common carp on pond
limnology is largely dependent on its density. Con-
sidering both the positive and negative effects of
common carp on nutrient and food web dynamics,
stocking density of common carp is important for
understanding pond ecology. Almost nothing is
known about the effects of different densities of com-
mon carp on pond ecology in the presence of plank-
tivorous fish.

In a prior study, the effects of different densities of
common carp on pond environments, plankton and
benthic macroinvertebrate availability, and fish pro-
duction in rohu (Labeo rohita, a planktivorous fish)
ponds were examined (Rahman et al. 2006). The
prior study did not reveal the underlying mechanism
affecting how the limnological condition of ponds
changes over time. Such information is important to
ensure adequate limnological conditions for the pro-
duction of fish. Surplus natural food, along with good
environmental conditions, lead to the stocking of an
additional species or increasing the stocking density.
Both activities further increase fish yield. In the cur-
rent study, the effects of different densities of com-
mon carp on pond ecology with respect to the effects
on nutrients, phytoplankton, zooplankton and ben-
thic macroinvertebrate dynamics, and fish growth
over time are described. The main objectives were:
(1) to better understand the nature of nutrients,
phytoplankton, zooplankton and benthic macroin-
vertebrate dynamics over time in rohu ponds with
different densities of common carp and (2) to eluci-
date the possibility of further increasing fish produc-
tion in these types of ponds.

MATERIALS AND METHODS

The trial was conducted in 18 earthen ponds
(100 m? surface area, 1.2 m average depth) at the
Fisheries Faculty Field Laboratory, Bangladesh Agri-
cultural University, Bangladesh, for a period of 137 d

from March to July 2003. All ponds were individually
filled with ground water from an adjacent deep tube-
well. Each pond was stocked with rohu (1.5 rohu
m~2). The experiment was designed as 3 x 2 factorial,
with 3 levels of common carp density (0, 0.5 and 1
common carp m~2) and 2 levels of artificial feed (with
and without feed). Each treatment was executed in
triplicate. Rohu (average individual weight varied
from 20.3 to 21.1 g) and common carp (20.6 to 21.4 g)
were released into the ponds in the afternoon. The
30% protein diet containing fish meal (protein:
57.5%, inclusion in feed: 37 %), rice bran (14 %,
47 %), mustard oil cake (14 %, 15 %), and vitamin pre-
mix (0%, 1%) was applied daily at 15 g kg=®8 d*
from the day of releasing fingerlings until the end of
the experiment. Total fish biomass was estimated
monthly by weighing at least 20 % of the fish stocked
into each pond. Feeding rates were then adjusted for
total fish biomass each month.

Environmental parameters were measured every
other week between 9:00 and 10:00 h, starting on the
day of stocking. Dissolved oxygen (DO) was meas-
ured using the Winkler titration method (Stirling
1985), pH was measured with a pH meter (Jenway
3020), total ammonia nitrogen (TAN) and phosphate
phosphorus (PO,-P) were analysed spectrophotomet-
rically (Stirling 1985), and nitrate nitrogen (NOj3-N),
total phosphorus (TP), and total nitrogen (TN) were
measured following APHA (1998).

Water samples for phyto- and zooplankton analysis
were collected every other week by taking a 11 sam-
ple at 10 different locations in each pond with a Nis-
kin sampler. The composite 10 1 samples were then
passed through a 10 pym mesh plankton net. Each
concentrated plankton sample was transferred to a
plastic bottle and preserved with a 100 ml solution of
5% buffered formalin. Phyto- and zooplankton den-
sities were estimated using a Sedgewick-Rafter (S-R)
cell containing 1000 fields of 1 mm® A 1 ml sample
was put into the S-R cell and left for 10 min to allow
plankton to settle. Phyto- and zooplankton in 10 ran-
domly selected fields in the S-R cell were identified
to genus and counted. Both phyto- and zooplankton
were identified using the keys provided by Ward &
Whipple (1959), Prescott (1962), Belcher & Swale
(1976), and Bellinger (1992). Phyto- and zooplankton
densities were calculated using the formula:

N = (P x 10000)/L (1)

where N is the number of phyto- and zooplankton
per litre pond water, P is the number of phyto- and
zooplankton counted in 10 fields, L is the volume of
the pond water sample (10 1).
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Benthic macroinvertebrate samples were collected
every other week with an Ekman dredge. Bottom
samples from 3 randomly selected sites were col-
lected and washed through a 250 pm mesh sieve.
Benthic macroinvertebrates remaining on the sieve
were preserved in a plastic vial containing a 10 %
buffered formalin solution. Identification keys used
for benthic macroinvertebrates were according to
Brinkhurst (1971) and Pinder & Reiss (1983). Benthic
macroinvertebrate density was calculated using the
formula:

N =Y x 10000/3A (2)

where N is the number of benthic macroinverte-
brates (m™2), Yis the total number of benthic macro-
invertebrates counted in 3 samples, A is the area of
the Ekman dredge (cm?). Biovolumes of phytoplank-
ton and zooplankton and benthic macroinvertebrates
were calculated using literature values described by
Rahman et al. (2006).

Sedimentation and resuspension were assessed
by traps, which were made using plastic boxes
(area: 96 cm?) of 15 cm height with a metal net
(mesh: 1 cm) tightly placed on the top of each box
to avoid disturbance of materials by fish. To stabi-
lize each box on the bottom of the pond, inside
each box a heavy stone was placed in the center.
Three boxes were randomly placed on the bottom
of each pond and retrieved after 7 to 14 d, depend-
ing on the material accumulation rate in the box.
The total solid weight of trapped particulate matter
was determined following drying at 60°C to con-
stant weight. Finally, the sum of sedimentation and
resuspension was calculated as grams per square
metre per day.

All data were checked for normality and analysed
using a repeated-measures 2-way analysis of vari-
ance (ANOVA). Common carp density and artificial
feeding were considered main factors, and time
was treated as a sub-factor. If a factor or interaction
was significant, differences between the means
were analysed by Tukey test for unplanned multiple
comparisons of means (oo = 0.05). The factors com-
mon carp density and artificial feeding are dis-
cussed in a separate article (Rahman et al. 2006).
The interaction of time and artificial feed was not
significant (p > 0.05); therefore, this interaction will
not be discussed. The present paper discusses the
effects of time and its interaction with common
carp density. Correlations between PO4-P and total
phytoplankton in ponds with and without common
carp were tested for significance using SPSS (Ver-
sion 16.0).

RESULTS

The effects of time and its interaction with common
carp density on environmental parameters, and the
abundance of different groups of phytoplankton,
zooplankton and benthic macroinvertebrates are
presented in Tables 1 & 2, respectively. PO,-P and TP
concentrations in the water and benthic macroinver-
tebrate availability in bottom sediment increased
with increasing time. This trend was not observed in
the other variables, which (except for Cladocera and
Copepoda) significantly changed over time (p <
0.01), showing picks at different sampling days
(Tables 1 & 2). These results are different depending
on common carp stocking densities (except tempera-
ture and Bacillariophyceae) (Figs. 1-3). After the first
2 sampling days, DO concentrations decreased with
increasing common carp density (Fig. 1). Time effects
on the PO,-P and TP increase were more pronounced
in the presence of 0.5 common carp m~2, followed by
1 common carp m~2, and then without common carp.
NO;3-N, TAN and TN concentrations were higher in
ponds with common carp (either 0.5 or 1 m~2?) than in
ponds without common carp throughout the experi-
mental period.

The average daily sum of sedimentation and resus-
pension increased with higher carp density (Fig. 4A),
and in all treatments, over time (Fig. 4B). It was
almost doubled in the ponds with 1 common carp m™
(352 g solid m~2 d7!) compared to the ponds with 0.5
common carp m~2 (199 g solid m~2 d7!). Time effects
on the average daily sum of sedimentation and resus-
pension were also more pronounced in the presence
of 1 common carp m~2, followed by 0.5 common carp
m~2, and then without common carp.

The overall phytoplankton and zooplankton abun-
dances were higher in ponds with 0.5 common carp
m~2, followed by 1 common carp m~2, and without
common carp (Fig. 2). Total phytoplankton and zoo-
plankton abundances increased with increasing time
only in ponds with 0.5 common carp m™2, while in
ponds with 1 common carp m~?2, they changed negli-
gibly after the initial 2 samplings. A significant corre-
lation between PO,-P and total phytoplankton bio-
mass was observed; this correlation was stronger in
ponds without common carp (r = 0.64, p < 0.01) than
in ponds with common carp (r = 0.50, p < 0.01)
(Fig. 5). The abundance of benthic macroinverte-
brates strongly increased with increasing time in
ponds without common carp, slightly increased in
ponds with 0.5 common carp m~2, and in ponds with
1 common carp m~2 even decreased towards the end
of the experiment (Fig. 3). Rohu biomass increased
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Fig. 1. Interaction between time and common carp (CC; Cyprinus carpio) density on the changes in different environmental
parameters. Data are means (+SE). 0 CC, 0.5 CC and 1 CC indicate the ponds without common carp, with 0.5 common carp

m~2, and with 1 common carp m~2

, respectively. § indicates the significant difference (p < 0.01) between the ponds with com-

mon carp and without common carp. A indicates that the ponds without common carp, ponds with 0.5 common carp m~?, and

the ponds with 1 common carp m~

with time in all treatments, more pronounced in the
presence of 0.5 common carp m~2 than in the pres-
ence of 1 common carp m~2 or in its absence (Fig. 6).
No significant difference was observed between
the ponds with 1 common carp m~2 and without com-
mon carp on rohu biomass. Temporal increase of
total fish biomass was most pronounced in ponds
with 0.5 common carp m~2, followed by 1 and 0
common carp m2

DISCUSSION

The water-quality parameters of all ponds re-
mained within ranges allowing high fish growth
rates. The main primary factors influencing the abi-

are significantly different from each other (p < 0.05). See Table 1 for abbreviations

otic and biotic properties of the pond water were time
and sediment resuspension by common carp. The
effect of time on water quality, and the abundance of
phyplankton, zooplankton and benthic macroinver-
tebrates in ponds with different densities of common
carp are clearly shown in this study. Decreasing DO
concentrations with increasing common carp density
reflects additional respiration by common carp and
higher aerobic decomposition rates caused by com-
mon carp sediment resuspension during grazing on
benthic macroinvertebrates (Andersson et al. 1988,
Beristain 2005). Higher aerobic decomposition can
be supported by higher sediment resuspension,
which was greater in ponds with 1 common carp m~2
followed by 1 common carp m~2, and without com-
mon carp.
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Fig. 2. Interaction between time and common carp (CC; Cyprinus carpio) density on the changes in different groups of plank-
ton biovolumes in the pond sediment. Data are means (+SE). 0 CC, 0.5 CC and 1 CC indicate the ponds without common carp,

with 0.5 common carp m~2, and with 1 common carp m™~

2, respectively. § indicates that the ponds with 0.5 common carp m~2 are
significantly different (p < 0.05) from the ponds with 1 common carp m™

2, and the ponds without common carp. A indicates that

the ponds without common carp, with 0.5 common carp m~%, and with 1 common carp m~2 are significantly different from each
other (p < 0.05)

Generally, diffusion of nutrients from the bottom
sediment to the water is very slow (Avnimelech et al.
1999, Ritvo et al. 2004), but common carp activity
increases the rate of diffusion of nutrients across the
sediment—water interface (Hohener & Gachter 1994).
Among various benthic macroinvertebrates, chirono-

mid larvae are a very important benthic food source
for common carp. Chironomid larvae normally live
up to several centimetres deep in the sediment. Com-
mon carp increases the diffusion of nutrients across
the sediment-water interface during browsing for
chironomid larvae. Decomposition of higher organic
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Fig. 3. Interaction between time and common carp (CC;
Cyprinus carpio) density on the changes of benthic macroin-
vertebrate biovolumes in the pond sediment. Data are means
(+SE). 0 CC, 0.5 CC and 1 CC indicate the ponds without
common carp, with 0.5 common carp m~2, and with 1 common
carp m~2, respectively. A indicates that the ponds without
common carp, with 0.5 common carp m~2, and with 1 common
carp m~ are significantly different from each other (p < 0.05)

matter and nutrient diffusion mediated by common
carp enhanced N and P fluxes between the sediment
and water column (Hargreaves 1998), resulting in
higher N and P concentrations over time in ponds
with common carp compared to those without com-
mon carp. Higher nutrient availability stimulated
photosynthesis, thereby increasing phytoplankton
and zooplankton biomass through time in ponds with
common carp compared to those without common
carp (Milstein 1992, Rahman & Verdegem 2007).
The decrease in benthic macroinvertebrates with
increasing common carp density indicates that com-
mon carp feed on benthic macroinvertebrates (Tatrai
et al. 1994, Zambrano & Hinojosa 1999). The increase
in sediment resuspension with increasing common
carp density indicates increased bottom disturbance
by more common carp. Increased sediment resus-
pension increases turbidity which reduces photo-
synthesis and, subsequently, phytoplankton and zoo-
plankton production (Hosseini & Oerdoeg 1988).
Common carp is an omnivorous fish, primarily feed-
ing on zooplankton and benthic macroinvertebrates
(Rahman & Meyer 2009, Rahman et al. 2009, Rahman
& Verdegem 2010). It is likely that a tipping-point
exists, whereby additional common carp increase the
grazing pressure on zooplankton and benthic macro-
invertebrates, leading to overgrazing of zooplankton
and benthic macroinvertebrates to the point where
their recovery is not possible (Steffens 1990). These
2 effects (i.e. increased water turbidity, overgrazing)
likely resulted in lower zooplankton and benthic
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Fig. 4. (A) Mean resuspension and sedimentation at different
stocking densities of common carp (CC; Cyprinus carpio) and
(B) the interaction between time and common carp density
on resuspension and sedimentation. Data are means (+SE).
0 CC, 0.5 CC and 1 CC indicate the ponds without common
carp, with 0.5 common carp m2, and with 1 common carp
m~2, respectively. All treatments differ significantly (p <
0.01), as indicated by different superscript letters. A indicates
that the ponds without common carp, with 0.5 common carp
m~2, and with 1 common carp m? are significantly different
from each other (p < 0.05)

macroinvertebrate availability in ponds with 1 com-
mon carp m~2 compared to those with 0.5 common
carp m2,

Higher sediment resuspension in ponds with 1 com-
mon carp m~2 than in ponds with 0.5 common carp m2
might also be explained by PO,-P availability in the
water. Excessive resuspension of sediment may in-
crease the redox potential. An increased redox poten-
tial would have a positive effect on the precipitation of
soluble phosphorus (PO4-P) through the formation of
phosphate-rich inorganic particles (e.g. with iron as
iron [III] phosphate; Holdren & Armstrong 1980,
Bostrom et al. 1988, Boyd 1995). This precipitation
might have been higher in ponds with 1 common carp
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Fig. 5. Relationship between PO,-P concentration and total
phytoplankton biovolume in ponds (A) without and (B) with
common carp (Cyprinus carpio)

m~2 than in ponds with 0.5 common carp m~2, because
sediment resuspension increased with increasing
common carp density. This might have resulted in the
lower PO,4-P concentration observed in ponds with 1
common carp m~2 compared to ponds with 0.5 com-
mon carp m2,

Higher phosphorus concentration can also be
explained by the higher biomass of fish, zooplankton
and benthic macroinvertebrates in treatments with
0.5 common carp m~2 compared to those with 1 com-
mon carp m~2 (Figs. 2—4), all of which release phos-
phorus (Gallepp 1979, Brabrand et al. 1990, Lupatsch
& Kissil 1998). Higher PO,-P concentration resulted
in higher phytoplankton densities (also reported by
Yusoff & McNabb 1997) in ponds with 0.5 common
carp m~?2 than in ponds with 1 common carp m™2. In
the present study, soluble phosphorus seems to be
the most important factor responsible for phyto-
plankton dynamics. The relationships between PO,-

307 —e—occC
—%—0.5CC

Rohu biomass &

25 7

Biomass (kg 100 m3)
o

157 Common carp biomass )

Biomass (kg 100 m3)

40 Total fish biomass A

32

24

16

Biomass (kg 100 m)

Fig. 6. Changes of fish biomass in ponds with different com-
mon carp (CC; Cyprinus carpio) densities. Data are means
(=SE). 0 CC, 0.5 CC and 1 CC indicate the ponds without
common carp, with 0.5 common carp m~2, and with 1 com-
mon carp m~2, respectively. 8 indicates that the ponds with
0.5 common carp m~ are significantly different from the
ponds with 1 common carp m~2 and the ponds without com-
mon carp. A indicates that the ponds without common carp,
with 0.5 common carp m™?, and with 1 common carp m2 are
significantly different from each other (p < 0.05)

P and total phytoplankton indicate that phytoplank-
ton biomass was limited by soluble phosphorus con-
centrations in ponds without common carp. This is in
agreement with Schindler (1988), Elser et al. (1990)
and Diana et al. (1997), who reported that phospho-
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rus is an important limiting nutrient in most fresh-
water ecosystems. Smith (1985) showed that phyto-
plankton production at optimum light intensity was
highly dependent on phosphorus concentration.

In conclusion, common carp enhanced phytoplank-
ton production and accelerated nutrient fluxes to
higher trophic levels by releasing nutrients from the
sediment. Stocking 0.5 common carp m~ had stronger
effects than 1 common carp m~ on nutrient, phyto-
plankton and zooplankton availability over time. At
this intermediate common carp stocking density,
growth and production of fish were also the highest.
The effects were partially lost in ponds with 1
common carp m~2. Phyto- and zooplankton availability
increased through time in ponds with 0.5 common
carp m~2 This suggests that the net availability of
phyto- and zooplankton and their utilization by fish
increased with time. Thus, there might be an opportu-
nity to stock an additional planktivorous species at
lower density with 1.5 rohu and 0.5 common carp m™2,
If this were to occur, a proper evaluation of stocking
densities of new species is recommended to optimise
nutrient, phytoplankton and zooplankton and benthic
macroinvertebrate availability. In the present experi-
mental design, the stocking of 1 common carp m~2 can
be considered as overstocking, a conclusion which
was also supported by the changes in phytoplankton,
zooplankton and benthic macroinvertebrate avail-
ability over time. This study has found that an optimal
stocking density of common carp can be used as a
management tool to manipulate limnological pro-
cesses for the better growth and production of fish.

Acknowledgements. I thank the staff members of the Fish-
eries Faculty Field Laboratory and the Water Quality and
Pond Dynamics Laboratory, Bangladesh Agricultural Uni-
versity, for their support. A special thanks to Dr. M. C. J.
Verdegem, Wageningen University, the Netherlands, for his
cooperation during this experiment. I also thank Dr. M. A.
Wahab, Bangladesh Agricultural University, for providing
the ponds to conduct the experiment.

LITERATURE CITED

Andersson G, Graneli W, Stenson J (1988) The influence of
animals on phosphorus cycling in lake ecosystems.
Hydrobiologia 170:267-284

APHA (American Public Health Association) (1998) Stan-
dard methods for the examination of water and waste
water, 20th edn. APHA, Washington, DC

[] Avnimelech Y, Kochva M, Hargreaves JA (1999) Sedimenta-

tion and resuspension in earthen fish ponds. J World
Aquacult Soc 30:401-409

[] Barton DR, Kelton N, Eedy RI (2000) The effects of carp

(Cyprinus carpio L.) on sediment export from a small
urban impoundment. J Aquat Ecosyst Stress Recovery 8:

155-159

Belcher H, Swale S (1976) A beginner's guide to freshwater
algae, 3rd edn. Institute of Terrestrial Ecology, Natural
Environmental Research Council, London

Bellinger EG (1992) A key to common British algae: fresh-
water, estuarine and some coastal species, 4th edn. The
Institute of Water and Environmental Management,
London

Beristain BT (2005) Organic matter decomposition in simu-
lated aquaculture ponds. PhD thesis, Fish Culture and
Fisheries Group, Department of Animal Science,
Wageningen University, Wageningen

Biro P (1995) Management of pond ecosystems and trophic
webs. Aquaculture 129:373-386

Bostrom B, Andersen JM, Fleischer S, Jansson M (1988)
Exchange of phosphorus across the sediment-water
interface. Hydrobiologia 170:229-244

Boyd CE (1995) Bottom soils, sediment and pond aquacul-
ture. Chapman & Hall, New York, NY

Brabrand A, Faafeng BA, Nilssen JP (1990) Relative impor-
tance of phosphorus supply to phytoplankton produc-
tion: fish excretion versus external loading. Can J Fish
Aquat Sci 47:364-372

Breukelaar AW, Lammens EHRR, Breteler JGPK, Tatrai I
(1994) Effects of benthivorous bream (Abramis brama)
and carp (Cyprinus carpio) on sediment resuspension
and concentrations of nutrients and chlorophyll a.
Freshw Biol 32:113-121

Briggs MRP, Funge-Smith SJ (1994) A nutrient budget of
some intensive shrimp ponds in Thailand. Aquacult Fish
Manage 25:789-811

Brinkhurst RO (1971) A guide for the identification of British
aquatic Oligochaeta. Freshwater Biological Association,
Wilson, Kendal

Cline JM, East TL, Threlkeld ST (1994) Fish interactions
with the sediment-water interface. Hydrobiologia
275/276:301-311

Costa-Pierce BA, Pullin RSV (1989) Stirring ponds as a pos-
sible means of increasing aquaculture production.
Aquabyte 2:5-7

Diana JS, Szyper JP, Batterson TR, Boyd CE, Piedrahita RH
(1997) Water quality in ponds. In: Egna HS, Boyd CE
(eds) Dynamics of pond aquaculture. CRC Press, Boca
Raton, FL, p 53-72

Elser J, Marzolf E, Goldman C (1990) Phosphorus and nitro-
gen limitation of phytoplankton in the freshwaters of
North America: a review and critique of experimental
enrichments. Can J Fish Aquat Sci 47:1468-1477

Gallepp GW (1979) Chironomid influence on phosphorus
release in sediment-water microcosms. Ecology 60:
547-556

Hargreaves JA (1998) Nitrogen biochemistry of aquaculture
ponds. Aquaculture 166:181-212

Hohener P, Gachter R (1994) Nitrogen cycling across the
sediment-water interface in the eutrophic, artificially
oxygenated lake. Aquat Sci 56:115-132

Holdren GC Jr, Armstrong DE (1980) Factors affecting phos-
phorus release from intact sediment cores. Environ Sci
Technol 14:79-86

Hosseini SA, Oerdoeg V (1988) Relationships of chlorophyll
with some physico-chemical parameters in fish ponds,
book of abstracts. Aquaculture 98:250-251

Lupatsch [, Kissil GW (1998) Prediction aquaculture waste
from gilthead seabream (Sparus aurata) culture using a
nutritional approach. Aquat Living Resour 11:265-268


http://dx.doi.org/10.1016/S0990-7440(98)80010-7
http://dx.doi.org/10.1021/es60161a014
http://dx.doi.org/10.1007/BF00877203
http://dx.doi.org/10.1016/S0044-8486(98)00298-1
http://dx.doi.org/10.2307/1936075
http://dx.doi.org/10.1139/f90-165
http://dx.doi.org/10.1007/BF00026721
http://dx.doi.org/10.1111/j.1365-2427.1994.tb00871.x
http://dx.doi.org/10.1139/f90-038
http://dx.doi.org/10.1007/BF00024907
http://dx.doi.org/10.1016/0044-8486(94)00291-U
http://dx.doi.org/10.1023/A%3A1011423432727
http://dx.doi.org/10.1111/j.1749-7345.1999.tb00988.x
http://dx.doi.org/10.1007/BF00024909

232 Aquacult Environ Interact 6: 223-232, 2015

Milstein A (1992) Ecological aspects of fish species inter-
actions in polyculture ponds. Hydrobiologia 231:177-186

Pinder LC, Reiss F (1983) The larvae of Chironomidae
(Diptera: Chironomidae) of the Holarctic region. In:
Wiederholm T (ed) Chironomidae of the Holarctic region.
Entomological Scandinavic Supplement No. 19, Societas
Entomologica Scandinavica, Klampenborg, p 293-437

Prescott GW (1962) Algae of the western Great Lakes area.
Brown Co., Dubuque, IA

Rahman MM (2006) Food web interaction and nutrients
dynamics in polyculture ponds. PhD thesis, Wageningen
University, Wageningen

Rahman MM, Meyer CG (2009) Effects of food type on diel
behaviours of common carp Cyprinus carpio L. in simu-
lated aquaculture pond conditions. J Fish Biol 74:
2269-2278

Rahman MM, Verdegem MCJ (2007) Multi-species fishpond
and nutrients balance. In: ven der Zijpp AJ, Verreth AJA,
Tri LQ, ven Mensvoort MEF, Bosma RH, Beveridge
MCM (eds) Fishponds in farming systems. Academic
Publishers, Wageningen, p 79-88

Rahman MM, Verdegem MCJ (2010) Effects of intra- and
interspecific competition on diet, growth and behaviour
of Labeo calbasu (Hamilton) and Cirrhinus cirrhosus
(Bloch). Appl Anim Behav Sci 128:103-108

Rahman MM, Verdegem MCJ, Nagelkerke LAJ, Wahab
MA, Milstein A, Verreth JAJ (2006) Growth, production
and food preference of rohu Labeo rohita (H.) in mono-
culture and in polyculture with common carp Cyprinus
carpio (L.) under fed and non-fed ponds. Aquaculture
257:359-372

Rahman MM, Jo Q, Gong YG, Miller SA, Hossain MY (2008)
A comparative study of common carp (Cyprinus carpio L.)
and calbasu (Labeo calbasu Hamilton) on bottom soil
resuspension, water quality, nutrient accumulations,
food intake and growth of fish in simulated rohu (Labeo
rohita Hamilton) ponds. Aquaculture 285:78-83

Rahman MM, Hossain MY, Jo Q, Kim SK, Ohtomi J, Meyer

Editorial responsibility: Catriona MacLeod,
Hobart, Tasmania, Australia

CG (2009) Ontogenetic shift in dietary preference and
low dietary overlap in rohu (Labeo rohita Hamilton) and
common carp (Cyprinus carpio L.) in semi-intensive poly-
culture ponds. Ichthyol Res 56:28-36

7 Rahman MM, Kadowaki S, Balcombe SR, Wahab MA (2010)

Common carp (Cyprinus carpio L.) alter their feeding
niche in response to changing food resources: direct
observations in simulated ponds. Ecol Res 25:303-309

[] Ritvo G, Kochba M, Avnimelech Y (2004) The effects of com-

mon carp bioturbation on fishpond bottom soil. Aqua-
culture 242:345-356

Schindler DW (1988) Experimental studies of chemical stres-
sors on whole lake ecosystem. Verh Internat Verein
Limnol 23:11-41

Smith DW (1985) Biological control of excessive phytoplank-
ton growth and the enhancement of aquacultural pro-
duction. Can J Fish Aquat Sci 42:1940-1945

Steffens W (1990) Interrelationships between natural food
and artificial feeds in pond culture. In: Berka R, Hilge V
(eds) Proceedings of the FAO-EIFAC symposium on
production enhancement in still-water pond culture. FAO,
Rome, p 218-229

Stirling HP (1985) Chemical and biological methods of water
analysis for aquaculturists. Institute of Aquaculture,
University of Stirling, Stirling

Tatrai I, Lammens EH, Breukelaar AW, Klein Breteler JGP
(1994) The impact of mature cyprinid fish on the compo-
sition and biomass of benthic macroinvertebrates. Arch
Hydrobiol 131:309-320

Ward HB, Whipple GC (1959) Freshwater biology. John
Wiley and Sons, New York, NY

Yusoff FM, McNabb CD (1997) The effects of phosphorus
and nitrogen on phytoplankton dominance in tropical
fish ponds. Aquacult Res 28:591-597

Zambrano L, Hinojosa D (1999) Direct and indirect effects of
carp (Cyprinus carpio L.) on macrophyte and benthic
communities in experimental shallow ponds in central
Mexico. Hydrobiologia 408-409:131-138

Submitted: September 18, 2014; Accepted: February 12, 2015
Proofs received from author(s): March 22, 2015


http://dx.doi.org/10.1023/A%3A1017085129620
http://dx.doi.org/10.1111/j.1365-2109.1997.tb01079.x
http://dx.doi.org/10.1139/f85-240
http://dx.doi.org/10.1016/j.aquaculture.2004.09.013
http://dx.doi.org/10.1007/s11284-009-0657-7
http://dx.doi.org/10.1007/s10228-008-0062-1
http://dx.doi.org/10.1016/j.aquaculture.2008.08.002
http://dx.doi.org/10.1016/j.aquaculture.2006.03.020
http://dx.doi.org/10.1016/j.applanim.2010.09.015
http://dx.doi.org/10.1111/j.1095-8649.2009.02236.x
http://dx.doi.org/10.1007/BF00018201

	cite4: 
	cite10: 
	cite21: 
	cite26: 
	cite17: 
	cite3: 
	cite8: 
	cite12: 
	cite23: 
	cite19: 
	cite2: 
	cite7: 
	cite14: 
	cite25: 
	cite20: 
	cite1: 
	cite6: 
	cite11: 
	cite22: 
	cite18: 
	cite5: 
	cite13: 
	cite24: 
	cite15: 
	cite9: 


