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INTRODUCTION

The depletion of aquatic resources has stimulated
the development of aquaculture worldwide. Mean-
while, the environmental risk of fish farming effluents
is well recognized, especially in intensive aqua -
culture with high farming density and substantial
supply of artificial feed (Muir 1982, Kestemont 1995,
Gao et al. 2005, Xia et al. 2013c). Ackefors & Enell
(1994) estimated that 78 kg nitrogen (N) and 9.5 kg
phosphorus (P) per ton of fish production, on average,
were released to the water column when the feed
conversion coefficient is 1.5. Approximately 72% N
and 70% P in feed were not retained by fish, which
could become nutrient pollution in forms of un eaten
pellets, feces and excretion. Untreated wastewater
that is continuously discharged into aqua tic environ-

ment could cause remarkable elevation of organic
matters (Cao et al. 2007). Dissolved and particulate
organic nutrients might provide an energy source for
suspension feeders or an uptake source through
membranes of multicellular and particularly unicellu-
lar organisms. However, the elevated inorganic nutri-
ent loadings from decomposition of wasted feed and
fish excreta could be cell-toxic in the case of N com-
pounds, and stimulate toxic algae blooms, resulting
in mass mortality of cultured species and subsequent
economic loss.

Measures for reducing the negative impacts of
aqua culture on the environment have become a major
concern for the sustainable development of aquacul-
ture (Gowen et al. 1990, Lin & Yi 2003, Pillay 2007).
The high nutrient content of the suspended feed
residues and other particulate organic matters in fish
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ABSTRACT: Fish farming activities have resulted in increasing nutrient pollution and subsequent
 deterioration of water quality in aquatic environments worldwide. Silver carp Hypophthalm ichthys
molitrix can efficiently remove excessive nutrient pollution by filtering the suspended particulate
organic matter. To evaluate the feasibility and capacity of using silver carp as biofilters to remove
the wastes released from the farming of grass carp Ctenopharyngodon idella, 3 mesocosms com-
prising grass carp and silver carp were developed. Carbon (C), nitrogen (N) and phosphorus (P)
budgets of silver carp were measured every month from May to October in 2011. Owing to the
changes in exogenous environmental conditions and autogenous physiological status such as
water temperature, dissolved oxygen level and feeding behavior, the metabolic acquisition and
expenditure of silver carp exhibited obvious temporal fluctuation. For a standardized silver carp
with 30 cm body length, the average scope for growth of C, N and P were 54.83, 8.73 and 0.85 mg
h−1, respectively. Total nutrient assimilation capacities throughout the experimental period for C, N
and P were 236.86, 37.70 and 3.67 g, respectively. Our findings show that silver carp with the co-
culture of grass carp provides an eco nomic and environmental win−win resolution to enhance
aquaculture production and reduce organic pollution in water.
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farming effluents may be a potential food source for
suspension-feeding organisms (Gophen et al. 2003).
In an integrated ecosystem combining fish and sus-
pension-feeding organisms, the ‘biofilters’ can utilize
the organic wastes as food sources, and the nutrient
content in the organic matters is thus ingested and ac-
cumulated in the tissues of the organism instead of
being dissolved in the water column or deposited on
the sediment, which provides an economic and envi-
ronmental win−win resolution scheme (Xie & Liu
2001, Gao et al. 2006, Yan et al. 2009).

Grass carp Ctenopharyngodon idella is the most
commercially important freshwater fish species for
aquaculture in China (MOAC 2013). Its production
has increased rapidly over recent decades (Xia et al.
2013a, 2013b). However, the high stocking density
with an artificial supply of formulated feed has re -
sulted in a large amount of effluents. Silver carp
Hypo phthalm ichthys molitrix, a typical suspension-
feeding fish (Dong et al. 1992, Kadir et al. 2006), has
drawn much attention worldwide because of its po-
tential application for removing farming wastes with-
out secondary pollution (Smith 1989, Starling 1993,
Fukushima et al. 1999, Tucker 2006, Ke et al. 2007). It
plays a positive role in improving the fish-farming
environment (Burke et al. 1986, Starling & Rocha
1990). Chen et al. (1991), for example, re ported that
feeding by silver carp took 3.01% and 5.28% of the
total N and P, respectively, out of the water in the
Wuhan East Lake ecosystem. In spite of the eco -
logical function of silver carp, metabolic acquisition
and expenditure of nutrients including carbon (C), N
and P by this species have not been examined so far.
In the present study, co-culture systems combining
grass carp and silver carp were developed, and tem-
poral changes in C, N and P budgets of silver carp
were examined so as to evaluate the feasibility and
capacity of using silver carp as a biofilter to reduce
nutrient pollution in grass carp ponds.

MATERIALS AND METHODS

Study area and experimental set-up

The experimental pond for fish culture was located
in Jinan City, Shandong Province, China (36° 69’ N,
116° 86’ E). The freshwater used in the pond was
pumped from a nearby well. The pond area was ap -
proximately 5 ha, with water depth ranging from 1.6
to 1.7 m. Three replicate enclosures of the same size
(L × W × D = 8 × 8 × 2.5), which divided the culture
pond into different parts, were constructed within the

pond. The enclosures were made of waterproof poly -
vinyl plastics with supporting timber piles around the
boundaries of the enclosures. The separation of the
pond area by enclosures avoided the water exchange
between different experimental treatments. Juvenile
grass carp and silver carp with body mass of ~100 g
and mass proportion of 3:1 were re leased to the en-
closures in March. The fish stocking density was 1 in-
dividual per square meter. Artificial feed was
supplied to the grass carp with the ration of 5% total
grass carp biomass daily. The main ingredients of the
feed consisted of 28% protein, 6% fat and 33% car-
bohydrate. The experiment lasted for 6 months from
May to October 2011.

Physiological measurements and standardizations

The filtration was determined in situ via an indirect
biodeposition method in a flow-through system on the
bank of the pond. Three silver carp from each enclo-
sure were randomly collected to determine biofiltra-
tion capacity at monthly intervals. Each individual
silver carp was kept in a separate aquarium (~25 l)
and supplied with continuously flow-through water
pumped from a larger aquarium (~75 l), which was
used as a reservoir (Fig. 1). Three other flow-through
systems without animals were used as controls. The
water in the reservoir was pumped from the corre-
sponding enclosure in the pond. The particles in the
reservoir were kept in suspension by aeration and
stirring. A preliminary experiment that was con-
ducted to determine the appropriate flow rate used in
the experiment showed that the reduction in particle

Individual silver carp Aquarium (25 l)

Aquarium
(75 l)

Air pump

Pump

Fig. 1. Flow-through system used to determine the filtra-
tion of silver carp Hypophthalmichthys molitrix in situ via 

an indirect biodeposition method
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concentration at a flow rate of 5 l min−1 was less than
20%. The 20% reduction in the particle concentra-
tion between inflow and outflow water did not obvi-
ously affect the feeding of silver carp. Measures were
taken to minimize environmental stress on silver carp
such as acclimation and shading.

Silver carp were cultured for 1 to 2 h, depending on
the amount of feces collected. The collected water
samples were filtered using glass fiber filters (What-
man GF/F) that were pre-combusted at 450°C for 6 h
to remove any possible contamination of organic
matter. The vacuum filtration was conducted under
the suction of less than one-third atmospheric pres-
sure to avoid the cell damage of phytoplankton. The
filter papers were then dried in an oven at 80°C for
24 h, weighed to the nearest 0.1 mg, ashed in a muf-
fle furnace at 450°C and reweighed to determine
total particulate matter (TPM; mg l−1), particulate or -
ganic matter (POM; mg l−1), particulate inorganic mat-
ter (PIM; mg l−1) and organic content (ƒ = POM/TPM).

Fish feces were cautiously collected with a pipette,
avoiding resuspension of the fecal pellets. Total feces
egestion (ER; mg h−1), organic matter egestion (OER;
mg h−1) and inorganic matter egestion (IER; mg h−1)
were determined by the same method described for
the water samples.

Assuming that absorption of inorganic matter
through the digestive system is negligible (Cranford
& Grant 1990, Turker et al. 2003), clearance rate (CR;
l h−1), which is defined as the volume of water cleared
per unit time, was then estimated as CR = IER/PIM.
Filtration rate of TPM (FR; mg h−1), which is defined
as the food mass filtered by silver carp per unit time,
was computed as FR = CR × TPM, and filtration rate
of POM (OFR; mg h−1) as OFR = CR × POM. Hence,
the food absorption rate (AR; mg h−1) could be esti-
mated as AR = OFR − OER, and absorption efficiency
(AE) as AE = AR/OFR.

Oxygen consumption and nutrient excretion of sil-
ver carp were determined after the filtration meas-
urements. To determine oxygen consumption (VO2

;
mg h−1), each silver carp was placed in a sealed 50 l
polyethylene chamber (experimental chamber); 3
other empty chambers without silver carp served as
control chambers. The sealed chambers were bathed
in water to avoid the effect of temperature changes
on the respiratory activities of the silver carp. After
0.5 to 1 h, depending on the animal size, the DO lev-
els of the experimental and control chambers were
measured using the iodometry method. VO2

was cal-
culated using the following equation:

VO2
= (DOC − DOE) × v/t (1)

where DOC and DOE are the DO concentrations of
the control and experimental chambers, respectively,
v is the volume of the chamber and t is the experi-
mental time.

For the tests of N and P excretion rates, the silver
carp were maintained in separate polyethylene boxes
for 0.5 to 1 h, while 2 additional boxes without silver
carp were used as controls. Results of previous
studies showed that ammonium and phosphate are
the predominant excretory products in teleosts (Balle -
strazzi et al. 1998, Leung et al. 1999, Yang et al. 2002).
Therefore, excretion rates of ammonium (VN; µg h−1)
and phosphate (VP; µg h−1) were determined using
the Nessler’s reagent and phosphor-molybdate colori -
metric methods, respectively. VN and VP were calcu-
lated as follows:

VN (or VP) = (CE − CC) × v/t (2)

where CE and CC are the nutrient concentrations of
the experimental and control boxes respectively, v is
the volume of the boxes and t is the experimental
time.

To facilitate comparisons of physiological rates (fil-
tration, oxygen consumption and nutrient excretion)
at different monthly intervals, physiological rates
were size-standardized to the mean silver carp body
length of 30 cm according to the following equation
(Strychar & MacDonald 1999):

YS = (XS/XO)b × YO (3)

where Y represents a physiological parameter and
X the body length (cm) of silver carp, subscripts S
and O represent the standard and observed values,
respectively, and b is the power coefficient obtained
from the respective monthly allometric equations
relating physiological parameters with body length,
i.e. Y = aXb, where a is the regression coefficient.
Analysis of covariance (ANCOVA) indicated that the
slopes of the monthly allometric equations were
unequal (i.e. no all-time pooled slope might be
regressed). Therefore, b was the coefficient in the
above allometric model derived from monthly data
(Packard & Boardman 1987).

Nutrient analysis

Water samples (200−300 ml, depending on the
concentration of particulate matter) were filtered
through pre-combusted and weighed glass-fiber fil-
ters (Whatman GF/C) and dried at 80°C for 24 h.
Particulate organic carbon (POC; µg mg−1) and par-
ticulate organic nitrogen (PON; µg mg−1) of seston
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were measured with a CHNS/O Analyzer (Vario EI),
as were carbon and nitrogen contents of fecal pel-
lets. Particulate organic phosphorus (POP; µg mg−1)
and total phosphorous content of fecal pellets were
determined following the wet digestion method
(Gao et al. 2008).

After collection, the silver carp samples were dried
at 80°C for 2 d until constant weight. Nutrient (C, N
and P) contents in the dried silver carp were deter-
mined using the method similar to that used to ana-
lyse fish feces. Production was then estimated by the
net gain of nutrients in fish tissue.

Nutrient assimilation

The assimilation rates of C, N and P were meas-
ured as scope for growth (SFG; mg h−1) for each ele-
ment, which was defined as the difference between
acquisition and expenditure. SFG of C, N or P was
calculated as: SFG (mg h−1) = AR − respiration or
excretion rate.

Oxygen consumption was converted to C excretion
based on a mean respiratory quotient of 0.85: 1 mg
O2 ≡ 0.32 mg C (Martin 1993). Assuming that the
average SFG values from monthly measurements
were constant, the assimilation of nutrients by sil -
ver carp was estimated as: Assimilation (mg) = SFG
(mg h−1) × 24 h × 30 d.

Statistical procedures

To obtain functional relationships of physiological
processes to environmental factors such as food con-

ditions, temperature, DO level and transparency, a
set of regression equations was fitted to experimental
data  following standard least-squares procedures.
Regression analysis was applied by simple linear or
non-linear procedures, depending on the most ap -
pro priate function to be fitted in each case (Zar 2009).
Residuals were analyzed to check the normality and
constant variance of predicted dependents. All statis-
tical procedures were performed with SPSS for Win-
dows Release 16.0.

RESULTS

Environmental conditions and nutrient contents

Temporal variations in environmental parameters,
including temperature (T; °C), dissolved oxygen
(DO; mg l−1), transparency (SD; cm), food conditions
(in terms of TPM [mg l−1], POM [mg l−1], PIM [mg
l−1] and organic content [ƒ; %]) and nutrient con-
tents in cluding POC, PON and POP of the sus-
pended particulate matter are listed in Table 1.
Temperature underwent obvious temporal varia-
tions, with the highest value (~28.3°C) in July,
decreasing afterward to the lowest (~23.4°C) in
October. Because of high temperature and algae
blooms in summer, DO levels and transparency
remained at extremely low levels, especially in July
and August. POM concentrations in July exhibited
the highest values because of algal blooms. Owing
to the feeding-driven re-suspension of parti culate
matter by silver carp, PIM concentrations in May
and June were significantly higher than those
in July and August, which led to the relatively
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Parameter                   May 20                  Jun 20                   Jul 20                   Aug 20                  Sep 20                   Oct 15

T (°C)                             23.5                       26.5                       28.3                       27.9                       25.2                       23.4
DO (mg l−1)                     8.9                         7.4                         6.5                         5.7                         7.9                         8.3
SD (cm)                         41.1                       35.2                       32.7                       33.1                       40.7                       42.2
TPM (mg l−1)       39.30 ± 2.11a,b      41.11 ± 2.63b   37.89 ± 2.39a,b,c 36.54 ± 1.65a,c,d 34.47 ± 2.31c,d      32.96 ± 1.44d

POM (mg l−1)         14.72 ± 1.14a         15.54 ± 1.75a       22.32 ± 1.56b      20.87 ± 1.58b     13.37 ± 1.01a,c       12.07 ± 0.39c

PIM (mg l−1)           24.58 ± 2.06a         25.57 ± 2.75a       15.58 ± 3.12b      15.67 ± 4.14b       21.10 ± 2.38a         20.89 ± 1.41a

ƒ (%)                       0.37 ± 0.03a         0.38 ± 0.04a       0.59 ± 0.07b      0.58 ± 0.07b       0.39 ± 0.04a         0.37 ± 0.02a

POC (µg mg−1)   145.63 ± 13.32a,b 151.39 ± 12.71a,b   161.56 ± 7.98a       163.14 ± 9.89a   147.08 ± 13.22a,b  138.89 ± 10.77b

PON (µg mg−1)     20.62 ± 3.42ab       25.81 ± 2.12c     24.62 ± 3.40b,c     19.45 ± 1.91a   22.31 ± 2.01a,b,c     18.19 ± 0.08a 

POP (µg mg−1)       1.75 ± 0.08a         2.18 ± 0.03b       3.08 ± 0.11c       1.89 ± 0.07a       2.30 ± 0.15b        1.09 ± 0.07d

Table 1. Temporal changes in environmental conditions (T, temperature; DO, dissolved oxygen; SD, transparency), food con-
ditions (TPM, total particulate matter; POM, particulate organic matter; PIM, particulate inorganic matter; ƒ, organic content)
and nutrient content of suspended particulate matter (POC, particulate organic carbon; PON, particulate organic nitrogen;
POP, particulate organic phosphorus). With the exceptions of T, DO and SD, data are presented as means ± 1 SD (n = 8−9).
 Different superscript letters within a row indicate a significant difference between monthly sampling dates in 2011 (p < 0.05)
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lower ƒ. Seasonal changes in POC and PON showed
a  similar pattern to that of POM, with relatively
higher values in summer (June to August) and lower
values in spring (May) and autumn (September and
October).

Physiological rate

In each of the 6 sampling
months, the CRs of the experi-
mental silver carp were signifi-
cantly related to individual body
length. The regressive allometric
equations and the standardized
CR (SCR) of a 30 cm individual for
each sampling month are listed in
Table 2.

As shown in Fig. 2, SCR was
negatively related to food quan-
tity in terms of TPM following the

equation: SCR = 137.54 − 33.70 × ln TPM (r2 = 0.66,
F1,44 = 64.51, p < 0.01). Standard filtration rate (SFR)
and standard filtration rate of POM (SOFR), were
independent of TPM and organic content (ƒ).

As shown in Fig. 3, absorption efficiency (AE) was
negatively related to TPM according to the linear
regression model: AE = 1.21 − 0.02 × TPM (r2 = 0.13,
F1,44 = 2.27, p < 0.05). Absorption rate (AR) was not
significantly related to either food quantity (TPM) or
food quality (ƒ), in spite of the decreasing AE with
increasing TPM.

Oxygen consumption rate (VO2
) was significantly

related to the body length of silver carp following the
allometric models. These models and the correspon-
ding standardized oxygen consumption rate (SVO2

;
mg h−1), as well as the standardized carbon respira-
tion rate (SVC; mg h−1) of a 30 cm silver carp for each
monthly interval, are listed in Table 3. The allometric
relationships of nitrogen excretion rate (VN; µg h−1)
and phosphorus excretion rates (VP; µg h−1) to body
length, in addition to the corresponding standardized
VN (SVN; µg h−1) and VP (SVP; µg h−1), are presented
in Tables 4 & 5, respectively.
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Sampling         Equation            n       r2         p              SCR
date

May 20      CR = 0.94 × BL0.74     8     0.65   <0.01   11.77 ± 0.59a

Jun 20        CR = 1.14 × BL0.75     5     0.40   <0.01   14.24 ± 0.92b

Jul 20         CR = 2.73 × BL0.52     9     0.65   <0.01   15.69 ± 0.71b

Aug 20     CR = 0.0059 × BL2.34   9     0.59   <0.01   15.48 ± 1.02b

Sep 20       CR = 0.67 × BL1.00     7     0.45   <0.01   19.81 ± 1.16c

Oct 15        CR = 0.39 × BL1.16     8     0.72   <0.01   19.60 ± 1.65c

Table 2. Allometric relationship between clearance rate (CR; l h−1)
and body length (BL; cm), and standardized clearance rates (SCR;
l h−1) of 30 cm silver carp Hypophthalmichthys molitrix. For SCR,
data are presented as means ± 1 SD. Different superscript letters
indicate a significant difference between monthly sampling dates 

in 2011 (p < 0.05)
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Sampling date       Equation            n     r2         p       SVO2
(mg h−1)   SVC (mg h−1)

May 20           VO2
= 0.75 × BL1.01    9   0.34   <0.01    22.39 ± 1.35a     7.17 ± 0.43a

Jun 20            VO2
= 4.04 × BL0.57    9   0.58   <0.01    27.34 ± 1.15b     8.75 ± 0.37b

Jul 20              VO2
= 0.07 × BL1.68    8   0.55   <0.01    18.53 ± 0.92c     5.93 ± 0.30c

Aug 20           VO2
= 0.34 × BL1.16    9   0.71   <0.01    17.15 ± 1.01c     5.49 ± 0.32c

Sep 20            VO2
= 0.04 × BL1.87    8   0.78   <0.01    22.06 ± 0.83a     7.06 ± 0.27a

Oct 15             VO2
= 0.16 × BL1.45    9   0.62   <0.01    20.47 ± 0.96a     6.55 ± 0.31a

Table 3. Allometric relationship between oxygen consumption rate (VO2
; mg h−1) and

body length (BL; cm), and corresponding standardized oxygen consumption rate
(SVO2

; mg h−1) and carbon respiration rate (SVC; mg h−1) of a 30 cm silver carp Hypo -
phthalmichthys molitrix for each experimental month. For SVO2

and SVC, data are
presented as means ± 1 SD. Different superscript letters within each column indicate 

a significant difference between monthly sampling dates in 2011 (p < 0.05)
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N and P excretion rates were temporally synchro -
nic, with higher metabolic rates in summer (June,
July and August) and lower in other months. Oxygen
consumption rate appears lower values in July and
August, and the highest values in June. As shown in
Fig. 4, SVO2

, SVN and SVP were significantly corre-
lated with temperature according to the following
equations: SVO2

= −600.3 + 49.1T − 0.96T2 (r2 = 0.54,
F2,50 = 101.14, p < 0.01); SVN = −32665 + 2497T −
46.67T2 (r2 = 0.72, F2,47 = 1439.1, p < 0.01); and SVP =

0.00001T8.38 (r2 = 0.55, F1,48 = 594.2, p < 0.01).

Nutrient assimilation

Net budgets of the nutrients, including C, N and P,
which were represented by scope for growth (SFG),
and the total assimilation of the 3 nutrients by silver
carp are summarized in Table 6. SFGs in July and
August appeared lower values relative to other
months (June and September). The total nutrient
assimilation capacities of individual silver carp for C,
N and P during the culturing period were 236.86,
37.70 and 3.67 g, respectively.

DISCUSSION

Previous studies reported that the
feeding process of fish was affected by
numerous environmental factors, i.e.
food availability (food quantity, in terms
of TPM; food quality, in terms of POM
and ƒ), temperature, DO level, etc.
(Stoner 2004, Lall & Tibbetts 2009,
Vanella et al. 2012, Smith & Sanderson
2013). The relationship of SCR to TPM
showed that food availability was the
dominant factor affecting the feeding
process of silver carp. The negative rela-
tionship of SCR to food quantity in terms
of TPM suggests the presence of pre-
ingestive regulation in silver carp in
response to changes in food availability.
With decreasing TPM, silver carp might
actively regulate feeding behavior to
maintain feeding quantity, such as open-
ing the mouth gape, resulting in more
water passing the oral cavity, increasing
swimming speed, closing the gill arches
to let water pass unfiltered, etc. Like the
active regulation of clearance rate, fil -
tration rate could be kept independent
of food conditions. Turker et al. (2003)
found that the filtration rate of silver carp

increased to the maximum value and re mained con-
stant as suspended POC in the water column
increased. In the present study, absorption rate was
not related to TPM or f, and together with the down-
regulation of AE with increasing TPM, this indicates
the presence of a post-ingestive regulative function
in the feeding processes.

The metabolic rate of fish generally depends on
numerous factors such as feeding habit, DO levels
and temperature (Kutty 1972, Schurmann & Steffen -
sen 1997, Wood 2001, Mallekh & Lagardère 2002). In
the present study, the oxygen consumption rate and
corresponding carbon respiration rate demonstrated
an obvious temporal pattern. As indicated by the re -
gressive model shown in Fig. 4A, the oxygen con-
sumption rate of Hypo phthalmichthys molitrix in the
present study was significantly affected by water
temperature. Previous studies showed that fish fed
more vigorously and specific dynamic action (SDA)
was accelerated as temperature increased within the
thermal tolerance range, which would result in a
high oxygen consumption rate (Aguiar et al. 2002,
Lermen et al. 2004, Pang et al. 2010, Zhao et al.
2011a). In the present study, the oxygen consumption
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Sampling date   Equation              n      r2         p         SVP (µg h−1)

May 20               VP = 2.40 × BL0.74        9    0.64   <0.01    28.98 ± 2.50a

Jun 20                VP = 0.89 × BL1.46        9    0.43   <0.01   122.17 ± 9.59b

Jul 20                  VP = 0.26 × BL1.70        8    0.61   <0.01    81.57 ± 3.62c

Aug 20               VP = 0.025 × BL2.22      9    0.54   <0.01   45.82 ± 3.12d

Sep 20                VP = 0.0015 × BL2.90    7    0.42   <0.01    26.42 ± 4.60a

Oct 15                 VP = 0.0025 × BL2.42    8    0.73   <0.01    9.03 ± 2.33e

Sampling date   Equation              n      r2         p         SVN (µg h−1)

May 20               VN = 14.79 × BL0.89      9    0.64   <0.01  297.28 ± 30.74a

Jun 20                VN = 103.17 × BL0.65    9    0.76   <0.01 920.65 ± 15.58b

Jul 20                  VN = 1.57 × BL1.75        8    0.60   <0.01  571.04 ± 26.19c

Aug 20               VN = 10.20 × BL1.24      8    0.73   <0.01 656.91 ± 17.73d

Sep 20                VN = 0.78 × BL1.83        7    0.91   <0.01    368.36 ± 8.07e

Oct 15                 VN = 1.59 × BL1.44        8    0.58   <0.01    201.38 ± 9.66f

Table 4. Allometric relationship between nitrogen excretion rate (VN; µg
h−1) and body length (BL; cm), and corresponding standardized nitrogen
excretion rate (SVN; µg h−1) of a 30 cm silver carp Hypophthalmichthys
molitrix for each experimental month. For SVN, data are presented as
means ± 1 SD. Different superscript letters indicate a significant difference 

between monthly sampling dates in 2011 (p < 0.05)

Table 5. Allometric relationship between phosphorus excretion rate (VP; µg
h−1) and body length (BL; cm), and corresponding standardized phosphorus
excretion rate (SVP; µg h−1) of a 30 cm silver carp Hypo phthalmichthys
molitrix for each experimental month. For SVP, data are presented as
means ± 1 SD. Different superscript letters indicate a significant difference 

between monthly sampling dates in 2011 (p < 0.05)
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rates of H. moli trix de creased despite the increasing
temperatures in July and August, which might be
due to the physiological inhibition caused by the rel-
atively lower DO level. This result is similar to that of
related studies on other teleost fish species (Rantin &
Johansen 1984, Fernandes et al. 1995). In addition,
Crocker & Cech (1997) reported that hypoxia signifi-
cantly depressed the oxygen consumption rates of
white sturgeon Aci penser transmontanus at all tem-
peratures and body sizes. Zhao et al. (2011b) showed
that under the conditions of elevated temperature
and hypoxia, silver carp showed an anti-filtering re -
sponse, i.e. de creased oxygen consumption and asso-
ciated lower feeding rates in terms of SCR and SFR.

N and P excretion rates of silver carp exhibited pos-
itive correlations with temperature in the present
study. Excretion rates of both N and P increased in
summer, which might be induced by the following
two mechanisms. First, the increased metabolic de -
mands in response to the elevated temperature were
partially met by means of deamination of amino acids
and catabolism of phospholipids (Forsberg & Sum-
merfelt 1992). Jobling (1981) reported that ex cre tion
rates of young plaice (Pleuronectes platessa L.) in -
creased with increasing temperature. Second, glyco-
gen reserves and synthesis were unavailable under
conditions of low oxygen levels, while more protein
and lipid were exploited as internal energy sources.
A study by Kutty (1972) showed the in creased anaer-
obic energy utilization and protein metabolism of
Tilapia at low oxygen levels, which might be of
advantage for preventing acidosis.

SFGs of C, N and P showed temporal changes dur-
ing the experimental period, and decreased in July
and August accompanied with the elevated tempera-
ture and lower DO levels. Silver carp showed the
positive values of nutrient assimilation, indicating
that they could efficiently accumulate nutrients
throughout the experimental period. Xia et al.
(2013c) reported that food sources of silver carp in -
cluded POM, residue of fish feed and fish feces in co-
culture ponds of grass carp and silver carp. Accord-
ingly, the direct nutrient removal by silver carp from
farming wastes including feed residue and fish feces
were 91.19, 14.51 and 1.41 g per individual for C, N
and P, respectively. In contrast, uptake of POM by sil-
ver carp further implied the potential of the indirect
removal of dissolved nutrients, because the growth of
microalgae, which was the principal constituent of
POM, accumulated a considerable amount of dis-
solved nutrients from the water column. As such, the
co-culture of silver carp with grass carp can effec-
tively relieve the nutrient pollution due to the release
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Sampling               SFG                              Assimilation 
date                (mg h−1 ind.−1)                          (g ind.−1)
                    C          N          P                  C          N         P

May 20     31.48     4.39      0.41            22.67     3.16    0.29
Jun 20       55.32     9.53      0.98            39.83     6.86    0.71
Jul 20        40.35     7.26      0.80            29.05     5.23    0.57
Aug 20      45.59     6.32      0.77            32.82     4.55    0.55
Sep 20      85.25    13.82     1.36            61.38     9.95    0.98
Oct 15       70.99    11.04    0.237           51.11     7.95    0.56

                       Average SFG Total assimilation

                 54.83     8.73      0.85           236.86   37.70   3.67

Table 6. Net budget rate (scope for growth [SFG]) and total
assimilation of carbon, nitrogen and phosphorus by a silver
carp Hypophthalmichthys molitrix individual at monthly 

intervals during the experimental period in 2011
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of farming wastes in the forms of feed residue and
fish excreta. Moreover, additional culture of silver
carp improved the utilization of food resources in the
aquaculture waters and increased the industrial ben-
efit. Such polyculture systems containing various
species belonging to different feeding guilds hence
provide an economic and environmental win−win
resolution scheme to reduce organic pollution and
enhance aquaculture production.
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