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Effects of Stocking Density on Growth, Survival, Production,
and Size Variation of the Common Carp Cyprinus carpio

Linnaeus (1758) Fry within Aquariums
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ABSTRACTS

The density at which a fish species can be stocked is an important factor in deter-
mining the economic viability of a production system in intensive aquaculture. Producing
fishes of more-or-less uniform size in the process is one of the primary goals of aquaculture,
as well as maximizing production efficiency. In this study, common carp fry were stocked
at the densities of 0.2, 0.4, 0.8, 1.6, 3.2 and 6.4 fry/| for an experimental period of 10 weeks
to examine the effects of stocking densities on growth, survival, production, and size
variation of the fish within aquariums. The standard length, length-weight relationship,
percent survival, relative production, and size variation were found to be significantly
affected by stocking density. At the end of the experiment, a negative relationship
between the logarithms of length and the logarithms of stocking density was found. The
percent survivals at all stocking densities ranged between 44.5 % at the stocking density of
6.4 fry/l and 100% at the stocking density of 0.8 fry/l and less. At the higher densities,
percent survival and experimental periods were anti-logistically related. In addition to the
length, a negative relationship was found between the logarithms of relative production and
the logarithms of stocking density. The highest size variations is presented at the median

stocking density, 1.6 fry/l.
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INTRODUCTION

Growth of fishes is affected potentially
by a number of biotic factors, including
population density of the cohort and its
potential competitors, food availability,
and predation pressure (Fox and Flowers,
1990).
plays a predominant role in influencing the
growth of the fish (Smith et al, 1978).
Changes of population densities of fishes
may lead to changes in growth and
survival rate (Miao, 1992). Fish larvae

The density of a fish population.

grow slowly and have a low survival rate
at high stocking density (Huang and Chiu,
1997). The density at which a fish
species can be stocked is an important
factor in determining the economic viability
of a production system in intensive aquacul-
ture (Papst et al, 1992). Both growth
and survival of young brown trout Salmon
trutta were density-dependent and related
to competition for food and space in a
screened natural brook (Le Cren, 1965).
Rubenstein (1981) also showed that the
survival rate of Everglands pygmy sunfish
Elassima evergladei was density-depen-
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dent. The caged dace in high density
have death rates an order of magnitude
higher than those in low density over the
first 10-12 weeks post-hatching (Mills,
1982). It seems that growth and survival
of fishes is widely held to be density-
dependent. However, there were several
studies reported density-independent effect
on growth (Li and Ayles, 1981; Ross and
Almeida, 1986; Martin and Wertheimer,
1989; Miao, 1990) and survival of fishes
(Carlander and Payne, 1977; Li and Ayles,
1981; Martin and Wertheimer, 1989; Fox
and Flowers, 1990; Cruz and Ridha,
1995).

In aquaculture, the price of fish is
determined by the market demand of
supply which includes size and production.
Two primary goals of aquaculture are to
maximize production efficiency and, in the
process, to produce animals of more-
or-less uniform size (Huang and Chiu,
1997). The production is a summation of
individual weights of all reared fish, or a
cross-product of the number of surviving
fish and their mean weight. It is very
important to control the survival and
growth rates and individual size difference
of fish in a commercial production system.
The high stocking rate may result in high
size variation in culture of tilapias
(Watanabe ef al., 1990; Huang and Chiu,
1997), but Papst et al. (1992) stated that
density had no effect on the size variation
in juvenile Arctic charr, Salvelinus alpinus
(L.). It is appears that there is no
general agreement regarding the effects
of stocking density on growth, survival,
production, and size variation of fish.

The common carp, Cyprinus carpio
Linnaeus (1758), is a eurythermic species
(Al-Habib, 1981), and is especially tolerant
of low dissolved oxygen concentrations
(Lin and Peter, 1991). The mass produc-
tion of egg, early and advanced fry, and
fingerlings of the common carp was docu-
mented (Horvath et al., 1985). Intensive
common carp cuiture is practiced in China
and some other Asian countries (Lin and
Peter, 1991). It is also one of the most
frequently stocked fish, usually introduced

as fry or yearlings, in the lakes and dam
reservoirs of Central and East Europe
(Bniiska, 1991). The aim of the present
study was to examine the effects of
various stocking densities on growth,
survival, production, and size variation of
the common carp fry within aquariums.

MATERIALS AND METHODS

About 500 fry of the common carp,
which were 45 day-old with a mean length
of 26.77 + 0.24 mm (mean + standard
error) and a mean weight of 0.559 + 0.025
g, originating from the same brood were
obtained from the fish hatchery in the
Kaohsiung County, Taiwan. The fry were
randomly selected and stocked in six
aquariums (49 cm x 29 cm x 24.6 cm) at
densities of 6, 12, 24, 48, 96 and 192 fry
per tank, equivalent to the six density
trials of 0.2, 0.4, 0.8, 1.6, 3.2 and 6.4 fry
per litre, due to the water volume kept 30
litre in the aquariums. A flowing system
that consisted of one 100 litre water
reservoir, one 20 litre filtration tank with
biofilters and the said six aquariums was
designed to maintain the same water
quality between the aquariums to reduce
the interference of water quality on
analysis of the density effects. Water in
the reservoir was pumped up to the
filtration tank that was placed above the
aquariums at flow rate of 9 litre per min,
and then distributed to the six aquariums
by gravity. The water reservoir was then
received the water from the aquariums.
There were air-stones in each of the
aquariums and reservoir to aerate the
water.

The fry were fed with auto-feeders
that control time, frequency and quantity
of food. They were overfed with daily
quantity of food equivalent to 4% of fish
biomass in each aquarium to reduce the
intraspecies competition for food. The
crude protein and fat contents in the feed
were 32% and 3.5%, respectively. Water
quality, including water temperature,
dissolved oxygen, pH, ammonia, nitrite,
nitrate, total nitrogen, and phosphate,
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were measured at intervals of two weeks
in each aquarium. The experimental period
was 10 weeks during which natural photo-
period was adopted. Six individuals of
fry were randomly sampled and measured
at 7-d intervals at 10:00-12:00 AM for
standard length (L) to the nearest 0.1 mm
and body weight (W) to 0.01 g in every
aquarium with replacement. Dead fry in
each aquarium were counted and removed
daily.

Two-way analysis of variance (ANOVA)
was used to determine the significant level
in difference of the water quality and
biological variables, including standard
length, survival, production and size
variation, among the stocking densities by
randomized complete block design (RCBD).
Least square means in the density
treatments were used to distinguish
homogeneous groups. The relationships
between stocking density and each of the
biological variables were established at
the end of the experiment by using the
linear regression models after semi-
logarithmical or logarithmical transforma-
tion, if necessary (Kleinbaum et al., 1988).
Stepwise regression analysis was used to
select a proper model, confirmed by type
Il sum of square, for describing the
relationship between the biological
variable (dependent variable) and
stocking density and experimental period
(independent variables). The difference
of the length-weight relationships among
the stocking densities was examined by
the analysis of covariance (ANCOVA).
The survival rate (S, %) was calculated as
S; = Nt /Ng x 100 (%), where N; is the
survival number of fry at Week t and Ny is
the number of fry at Week 0. The
relationship between St and the experi-
mental period was determined using the
anti-logistic model (Goh, 1980) expressed
as: Sy =1 - M, and M= M_/{1+[(M_,
-Mo)/Mo]e'Zt}, where M, is the cumulative
mortality rate (%) at the experimental
period t; M., is the theoretical asymptotic
cumulative mortality rate; My is the
hypothetical cumulative mortality rate at
Week 0; and z is the mortality coefficient.

The production in this study was shown by
the relative production (PRy, %) caculated
by PR, = B/B, x100 (%), where B; was the
fish biomass at Week t calculated by B; =
Wi N;and t = 0-10. The size variation of
fry was defined by the coefficient of
variation of standard length (CL, %) and
body weight (CW, %), and was calculated
as: (standard deviation / mean) x 100 (%).
The software of the statistics calculation
and model was SAS (Strategic Application
Software, SAS Institute Inc.), and ail
statistics tests were considered significant
when p < 0.05.

RESULTS

Changes of water quality variables,
including water temperature, dissolved
oxygen, pH, ammonia, nitrite, nitrate, total
nitrogen and phosphate, during the
experiment period of 10 weeks were
shown in Table 1. These variables were
not significantly different among the
aquariums of the stocking densities
(ANOVA: p > 0.05).

Length and length-weight relationship

The mean standard length and mean
body weight of the common carp fry
stocking at six densities at the beginning
and end of the experiment (Week 0 and
Week 10) are shown in Table 2. At
Week 0, the mean length was not
significant different among the six
densities (ANOVA: p =0.987, n = 36). At
Week 10, the largest mean length (36.73
+ 1.24 mm) was found at the lowest
density, while the smaller mean length
(30.28 + 1.48 mm) was found at the
highest density. The mean length in
aquariums was significantly affected by
the stocking densities during the period of
the experiment (ANOVA: p < 0.001, n =
396). Length of fry at the six densities
were arranged into five homogenous
groups: 0.2, 0.4/0.8, 0.8/1.6, 1.6/3.2, and
3.2/6.4 fry/l. The relationship between
stocking density (D) and length (L) at
Week 10 is expressed by the following
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Table 1. Changes of water qualities (mean+SE, n=6) in the flowing system during the
period of the experiment.

Variable Week
0 2 4 6 8 10
Water temperature (°C) 26.9+0.05° 30.1+0.05 25.24¢0.04 25.1£0.02 28.1+0.03 28.5+0.03
Dissolved oxygen (mg/l)  6.95+0.05 - 5.65+0.06 5.85+0.06 5.93+0.06 5.96+0.04 6.00£0.05
PH 7.1740.02 7.15:0.02 7.66+0.01 7.31£0.03 7.13+0.05 7.02+0.03
Ammonia (mg N/I) 0.14+0.01 0.38+0.01 0.40£0.00 0.25+0.01 0.28+0.00 0.32+0.00
Nitrite (mg N/) 0.01+0.00 - 0.12+0.00 0.02£0.00 0.04+0.00 0.04+0.00 0.03+0.00
Nitrate (mg N/I) 0.80+0.02 4.30+0.03 6.60+£0.03 4.80+0.02 4.90+£0.04 5.50+0.02
Total nitrogen (mg N/I) ~ ~ 0.9940.02 4.48+0.04 7.05£0.04 5.03+0.02 5.20+0.04 5.88+0.02
Phosphate (mg/!) 0.12+0.00 0.78+0.01 1.25#0.01 1.34+£0.01 1.05%0.01 1.30+0.01

“Table 2. Standard length (mean+SE, n=6) and body weight of the common carp fry at

six stocking densities in the beginning (Week 0) and at the end (Week 10) of

the experiment.

Stocking Density Week 0 Week 10
(fry/l) length (mm) weight (g) length (mm) weight (g)
0.2 26.92+0.78 0.56+0.08 36.73+1.24 1.9310.24
0.4 26.77+0.70 0.57+0.07 34.60+1.38 1.53+0.26
0.8 27.08+0.30 0.57+0.06 33.17+1.67 1.3840.25
1.6 26.58+0.55 0.55+0.05 32.50+2.09 1.34+0.32
3.2 26.78+0.60 0.55+0.07 31.37+1.78 1.01£0.23
6.4 26.50+0.63 0.55+0.07 30.28+1.48 0.90+0.19
equation:

InL=3.498-0.054 In D (r*=0.254, n
=36, p = 0.002) (Fig. 1)

Also, the regression models for the
relationships between length (Lt, depen-
dent variable), and stocking density and
experimental period (D and t, independent
variables) are:

In Lt =3.286 + 0.022 t - 0.016 In D -
0.005t x In D (r*=0.468, n = 396, p <
0.001)

The length-weight relationships at the
six stocking densities were shown in
Table 3. The intercepts and slops of the
regressions were significantly different
among the stocking densities (ANCOVA:
both p < 0.05, n = 396).

Survival rate

Survival rates ranged between 44.5%
and 100% at all stocking densities (Fig. 2).
The survival rate was significantly affected
by stocking densities (ANOVA: p < 0.001,
n = 60). The survival rates of fry at the
six densities were divided into three
homogenous group: 0.2/0.4/0.8, 1.6, and
3.2/6.4 fryfl. The first group had no
mortality during the experimental period.
At the stocking densities of 1.6, 3.2, and
6.4 fry/l, the parameters of anti-logistic
models of the relationship between
percent survival and experimental periods
are shown in Table 4. The relationship
between survival (St, dependent variable)
and the two independent variables, D and
t, at the stocking density of 1.6 fry/l and
higher is expressed by the following
equation:
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Table 3. Regression equations for the relationships between the standard lengths (L)
and body weights (W) of the common carp fry at six stocking densities.

Stocking Density Regression Equation ? n p
(fry/)
0.2 InW =-13.408 +3.910 InL 0.931 66 <0.001
0.4 InW =-12535+3.651InL 0.938 66 <(0.001
0.8 InW =-12.032 +3.507 In L 0.933 66 <0.001
1.6 InW =-14.098 +4.100 In L 0.913 66 <0.001
3.2 INnW =-13.674 +3.959 In L. 0.862 66 <0.001
6.4 InW =-13.344 +3.865 In L 0.839 66 <0.001
45 +
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Fig. 1. Plot of the standard lengths at six stocking densities and the relationship between the length
and stocking density for the common carp fry at week 10.

St = 102.794 — 2.996 t — 2.097 t x In
D (*=0.962, n = 33, p < 0.001)

Relative production

‘Relative productions of fry at Week
10 at the six stocking densities are shown
in Figure 3. Relative production was
significantly affected by stock densities
(ANOVA:p <0.001,n =60). The relative
productions at the stocking densities of
3.2 and 6.4 fry/l at Week 10 (end of the
experiment) are lower than 100%,

indicating that the net productions are
negative at these stocking densities. A
significantly negative relationship was
found between the logarithms of relative
production (In RP) and the logarithms of
stocking density (In D) at the end of
experiment, expressed by the following
equation:

InRP =5.172 - 0.490 In D (* = 0.959,
n =8, p <0.001) (Fig. 3)
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Table 4. The parameters of anti-logistic
models for the relationships
between percentage cumulative
survival and experimental period
at the stocking densities of 1.6,
3.2, and 6.4 fry per litre.

Parameter Stocking Density (fry/l)
1.6 3.2 6.4
z 0.717 0.755 0.818
M. 33.23 51.12 55.52
Mo 0.848 1.258 1.653
n 11 11 11
p <0.001 <0.001 <0.001

M(t) = Me/{1+ M=-Mo/Mo}[exp(-zxt)]}

M(t) = Cumulative mortality rate (%) at time t
(t=week)

M- = The theoretical asymptotic cumulative
death rate

Mo = The hypothetical cumulative mortality rate at
initial time

Z = Mortality coefficient

50 T mWeight
- O Length
40 T

Coefficience of Variation (%)

Size variation

The coefficients of variation of
standard length and body weight differed
significantly among stocking densities
(ANOVA: both p < 0.05, n = 66). The
mean size variation of length ranged
between 11.02% at the density of 1.6 fry/l
and 6.75% at 0.2 fry/l at Week 10, and
mean size variation of weight ranged
47.05% at 1.6 fry/l and 29.12% at 0.2 fry/l
at Week 10 (Fig. 4). The highest size
variation is presented at the median
stocking density, 1.6 fry/l. The mean
size variations of length and weight were
divided into two and three homogeneous
groups shown in Figure 4, respectively.
The mean size variation of length at all
stocking densities was minimum (5.49%)
at Week 0 and maximum of 12.27% at
Week 10. The mean size variation of
weight showed the same pattern with
minimum of 23.95% at Week 1 and
maximum of 46.24% at Week 10.

0.4 0.8

1.6 3.2 6.4

Stocking Density (fry/l)

Fig. 4. Coefficients of variation of standard length and body weight of common carp fry at six
stocking densities at Week 10 (same letters, insignificantly different, multiple range tests by

least square means, p < 0.05)
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DISCUSSION

Environmental perturbation is one of
the important factors that affect the growth
and survival of fry, physiologically (Wootton,
1990). Water quality has a complex side
effect on high stocking density. Metabolic
wastes that are directly proportional to
stocking densities have been implicated to
inhibit the growth of fish, and to be toxic to
fish (Yu and Perimutter, 1970). In high
stocking density, there would be accom-
panied by lower pH and DO, and Miao
(1992) suggested that the resulting
changes in water quality might play an
important role in affecting growth and
survival of fishes. Even when the fish
were fed to satiation, decrease in the
growth rate of Ctenopharyngodon idella
was found at very high densities if the
oxygen level was less than 4 mg/l
(Shireman et al., 1977). In our study, the
water flow system supplied water in
sufficiency for maintaining fairly good
water quality consistently throughout the
experimental period in all density ftrials
(Table 1). There were no evidences of
large physiochemical fluctuations,
occurrence of disease and handling stress,
and deterioration of water quality in the
experimental aquariums during the course
of the experiment.

Density effects on growth and survival

Population density is an important
factor affecting growth of wild and
laboratory fish, as well as genetics, food

supply, and environmental conditions
(Smith et al., 1978). Density depen-
dence means that some life history

parameters of animals are dependent on
the density of that species (Diana, 1995).
The growth rate of fish that is density-
dependent was documented for several
species, such as bluegill Lepomis
macrochirus (Wiener and Hanneman,
1982), chinook salmon Oncorhynchus
tshawytscha (Martin and Wertheimer,
1989), and Nile tilapia Oreochromis

niloticus (Siddiqui et al., 1989). Also, the
survival rate of fish have been reported to
be density-dependent, negatively related
to the density, for bluegill Lepomis
macrochirus (Wiener and Hanneman,
1982), Everglades pygmy sunfish
Elassoma evergladei (Rubenstein, 1981),
and walleye Sitzostedion vitreum vitreum
(Li and Mathias, 1982). On the contrary,
density independence that the density
does not significantly affect growth and
survival rates of fish was also founded by
many authors, such as walleye (Carlander
and Payne, 1977, Li and Ayles, 1981; Fox
and Flowers, 1990), Chinook salmon
(Martin and Wertheimer, 1989), gold shiner
(Miao, 1990), and tilapia Oreochromis
spilurus Gunther (Cruz and Ridha, 1995).
The same controversy also exists in the
Cyprindae. Both growth and mortality
rates of Leuciscus leuciscus varied with
the initial stocking density (Mills, 1982),
but no density-dependent relationship was
founded for Phoxinus phoxinus (Jacobsen,
1979) and the common carp Cyprinus
carpio (Wolny, 1962). However, the low
stocking densities and short duration in
experiments could result in the conclusion
of the density independent (Pivnicka,
1982; Mann, 1991). For instance, size of
silver hakes is correlated with density only
when stock density is high (Ross and
Almeida, 1986). In addition, the effects
of stocking density are to be expected
after a time lag, the length of which
depends on the age of the fish stocked
(Bninska, 1991).

The phenomenon of density-depen-
dent growth was demonstrated in 3-year-
old common carp (Backiel and Le Cren,
1978). In our study, the similar pheno-
menon as well as a negative curvilinear
relationship were found between stocking
density and growth of the common carp
fry (Fig. 1). The linear or curvilinear
relationships for the roach Rutilus rutilus
and the chub Leuciscus cephalus (Pivnicka,
1982), the Nile tilapia Oreochromis
niloticus (Rosa et al., 1990), the tiger prawn
Penaeus monodon (Fong et al., 1991), the
Africa catfish Clarias gariepinus (Haylor,
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1991), and the redtail shrimp Penaens
penicillatus (Miao, 1992) were also
documented. Besides, the phenomenon
of . density-dependent survival would be
found when the density of fish suppressed
a threshold in" aquarium experiments
(Smith et al,, 1978), and linear relation-
ships were found between survival rate
and stocking density for the walleye
Sitzostedion vitreum vitreum (Li and
Mathias, 1982) and the redtail shrimp P.
penicillatus (Miao, 1992). The similar
result was found in our founding that the
effects of the stocking densities on the
survival rate of the common carp fry was
occurred at the density of 1.6 fry/l and
high.

As population density increases,
competition for food and living space
usually intensifies, providing one of the
most effective controls on animal popula-
tion (Odum 1959). Low levels of food
availability in the water of high densities
may result in decreased food consump-
tion rates of fish (Mann, 1991). Therefore,
decrease in food availability was thought
to be an important factor to limit the
growth at high stocking density. Pfuderer
and Francis (1972) suggested that density-
dependent growth in the Cyprindae is
most often associated with food availability,
and Hulata et al. (1982) suggested that
the initial growth of the common carp after
hatching was affected by severe crowding
because the amount of food available to
an individual fish was decreased.
However, changes in trophic state of
aquatic habitats that make more food
available per individual fish do not always
result in increased growth rates for Rutilus
rutilus in Lake Sarnen, Switzerland (Muller
and Meng, 1986). In our study, the
density-dependent effect on growth of
common carp fry was shown, even though
the food was given over satisfication.

Under crowded conditions, the
common carp and the goldfish, Carassius
auratus, would liberate a hormone to
depress the heart rate and to inhibit
growth and production (Pfuderer and
Francis, 1972). Low food conversion

was also found at the high stocking
densities of the chinook salmon (Martin
and Wertheimer, 1989). On the contrary,
high metabolism was detected for space
of intraspecific competition at the high
density of the. rainbow trout (Li and
Brocksen, 1977). Therefore, low heart
rate, low food conversion and high
metabolism could be the reasons why
given extra food is unable to enhance the
growth in high density levels for the
common carp and other density-depen-
dent species. In short, the stress of fish
caused by the crowdness may be one of
the important factors to induce the effects
of stocking density. When the population
density is above a certain level (threshold),
a lack of sufficient space acts as an
independent stress that reduces growth
(Woiwode and Adelman, 1989). It is
reasonable to assume that the potential
for limiting growth is greater when stock
density is higher and vice versa.

Density effects on production

The production capabilities of ponds
will vary, depending upo. the species,
stocking densities and management (Lin
and Peter, 1991). In general, high -*cking
density is necessary for high yield. On
the contrary, living space and dissolved
oxygen are the two limiting factors of
stocking density increased. If the stocking
density exceeds a reasonable limit, the
yield will be reduced and the fish will be
stunted and unmaiketable (Lin and Peter,
1991). The relationship between the
production and density has been
expressed by a dome-shaped for the
redspot masu-trout Oncorhynchus rhodurus
(Nagoshi and Kurita, 1986), a negative
quadratic equation for tiger prawn (Fong
et al., 1991), and a positive regression
equation after logarithmic transformation
for tilapia (Huang and Chiu, 1997). A
curvilinear relationship between stocking
density and catch of the common carp
was found (Bnifiska, 1991). However, in
our study the relationship between the
density and relative production was
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expressed by a negative regression
equation after logarithmic transformation
(Fig. 3), supporting the results of Fong et
al. (1991). In addition, the net produc-
tions were negative at the stocking
densityiesof 3.2 and 6.4 fry/l at the end of
the experiment, indicating that these two
stocking densities exceeds a reasonable
limit for stocking common carp fry in
aquariums.

Density effects on individual difference

In the meddle stocking densities, high
size variation of the common carp was
found in this study (Fig. 4). This finding
is different from the resulis that positive
relationships were found between the
stocking density and size variation in
Everglades pygmy sunfish (Rubenstein,
1981), red tilapia (Watanabe et al., 1990)
and tilapia (Huang and Chiu, 1997),
negative in Arctic charr (Wallace et al,,
1988), and negligible in walleye (Fox and
Flowers, 1990) and Arctic charr (Papst et
al, 1992). Huang and Chiu (1997)
suggested that under crowding condition
the fish which is bigger and maintain a
domain position grow faster, and,
therefore, the high stocking rate may
result in high size variation. However,
size variation in fish population is related
to the social interaction of the fish. The
change of intraspecies relationship that
the defend behavior for territoriality is
reduced would be occurred and decrease
the size variation in high stocking density
of the Artic charr population (Jobling,
1985). This also could explain the
findings that the negative relationship
between the stocking density and size
variation in the Arctic charr (Wallace et al.,
1988) and the highest size variation does
not occur in the high stocking densities of
the common carp in this study (Fig. 4).

In utility, stocking the common carp in
a small reservoir at a high density might
reduce the problem of land shortage and
the cost of the production. However, at
the high stocking densities the growth and
survival of the common carp is low (Figs.

1 and 2) and the net production is
negative (Fig. 3), indicating that stocking
the common carp at the high densities is
unsuitable and disadvantage for economic
aquaculture. By contrast, the growth and
survival of the fish is reasonable in the
median stocking densities, though the
size variation is high. The problem of
high size variation can be resolved by the
screen method that removes large fish by
using large mesh nets and to ailow small
fish to grow (Erkoyuncu and Ozdamar,
1989). The technique takes advantage
of the maximum growth potential of the
fish, and the yield increase. In short,
stocking common carp fry in median
density with the screen method is one of
the optimal options for aquaculture.
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