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In the world’s shellfishery and aquaculture, farm�
ing of the Oriental river prawn, Macrobrachium nip�
ponense (de Haan), occupies the second place after
that of the giant freshwater prawn M. rosenbergii (De
Man) and has been rapidly growing during the past five
years. The main producer is China, where marketable
prawn production between 1999 and 2001 increased
from 15000 to 120000 t, with half of this amount being
aquacultured in farms (New, 2005).

As shown in long�term studies (Khmeleva et al.,
1988, 1997; Kulesh, 2006) the Oriental river prawn
may be successfully cage�cultivated together with fish
in cooling ponds of thermoelectric power plants, and
its yield in earthen fishponds at the end of the growing
season (early October) may reach 50–60 ind./m2

(Alekhnovich and Kulesh, 2002). An advantage of this
species is that it spawns in fresh waters and grows to a
considerable body size, which reaches 86 mm in males
and 75 mm in females within the natural species range
(New, 2005) and 88 and 80 mm, respectively, under
conditions of cultivation in cooling ponds of the ther�
moelectric plant.

To understand mechanisms regulating population
growth, special attention should be paid to intraspe�
cific competition, which leads to a density�dependent
increase in mortality or decrease in birth rate. In stud�
ies on this phenomenon, it is generally accepted that
all competing individuals are equivalent to each other,
but in fact this is far from being so.

In freshwater prawns, especially in the giant fresh�
water prawn, males and females show two different

growth strategies, and the size distribution of individ�
uals in the population depends on the presence of
three mature male morphotypes: small males (SM),
orange claw males (OC), and large blue claw (BC).
These morphotypes differ not only in their morphol�
ogy but also in physiology and behavior. Small males
and blue claw males are reproductively active but grow
slowly, while orange claw males are at the intermediate
stage of rapid growth, when almost all energy is
expended for somatic growth (Ra’anan and Sagi,
1985; Kuris et al., 1987; Karplus et al., 2000). A wide
range of size variation is unfavorable for the final yield
of prawns.

Thus, individual growth heterogeneity is the main
obstacle to improving the economic yield of prawn
culture. To overcome this obstacle, it is important to
gain an insight into biotic factors regulating growth in
the population, including the effects of population
density and social interactions (Karplus, 2005).

Freshwater prawns have not been studied in this
respect, except for M. rosenbergii. The purpose of this
study was to analyze the effects of stocking density and
intraspecific competition in M. nipponense aquacul�
ture on the basis of data on the growth and survival
rates and feeding of prawns in experimental monosex
and mixed populations.

MATERIAL AND METHODS

Studies of M. nipponense prawns were performed in
the incubation unit of the Selets fish farm, Belozer�
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skoe branch (Brest oblast, Belarus). Juvenile prawns
were caught in the warm�water spillway of the Bereza
State District Power Plant (BPP). Experiments on
their growth and survival were made in six to seven
replications. The initial individual body weight ranged
from 0.6 to 0.9 g (Fig. 1). Each empirical point in
growth curves (Fig. 2) is an average of 3–12 measure�

ments. The experiment was discontinued if the sur�
vival of prawns in the course of rearing decreased by
more than 50%. Variation coefficients for the initial
size composition of experimental populations were
similar (9.92–11.42%), indicating that the biological
material was sufficiently uniform.

The prawns were grown in plastic basins (60 × 25 cm,
surface area 0.150 m2, water depth about 20 cm) in
heated water discharged from the BPP. The water was
continuously aerated and maintained at the tempera�
ture optimal for this species (28 ± 2°C), with half its
volume being replaced every 3–4 days. Each basin was
shaded in half of its area and contained several plastic
and ceramic tubes 2–4 cm in diameter to provide shel�
ter for prawns. Hydrochemical parameters are shown
in Table 1.

Competitive relationships were studied in experi�
mental mixed (sex ratio 1 : 1) and monosex popula�
tions, with the growth and survival of females and
males in each population being analyzed separately.
The initial stocking densities were 40 and 80 ind./m2.
For the giant freshwater prawn, culturing at a stocking
density of up to 30 ind./m2 is classified as semi�inten�
sive, and that at a higher density, as intensive (New,
2002). Taking into consideration that the Oriental
river prawn is smaller, its culturing at the initial stock�
ing densities of 40 and 80 ind./m2 can also be regarded
as semi�intensive and intensive, respectively.
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Fig. 1. Range of the initial body weight of (1) female and (2) male Oriental river prawns in (a, c) monosex and (b, d) mixed pop�
ulations with initial stocking densities of (a, b) 40 and (c, d) 80 ind./m2.

Table 1. Hydrochemical parameters in plastic basins with
cultured Oriental river prawns

Parameters Minimum Maximum

Temperature, °С 26.0 30.0

Dissolved oxygen, mg/l 4.5 7.9

BOD5, mg/l О2 2.5 3.4

pH 6.9 8.2

Dry residue, mg/l 350.0 393.6

Ignition residue, mg/l 188.0 192.2

Loss on ignition, mg/l 160.4 197.6

Alkalinity, mg�eqiv/l 3.6 3.9

Total hardness, mg�equiv/l 0.8 1.0

Iron, mg/l 0.04 0.07

Nitrate ions, mg/l 0.1 0.3

Nitrite ions, mg/l 0.01 0.02

Phosphate ions, mg/l 0.1 0.4
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The prawns were fed ad libitum twice a day with
freshly minced fish and chironomid larvae from the
BPP cooling pond. Daily food consumption (r) was
estimated experimentally, in thee replications, in the
beginning of cultivation (days 1–5) and after 50–84
days. Calculations were made by the equation

(1)

where W0 and W
τ
 are the amounts of food at the begin�

ning and at the end of experiment, g; n is the number
of prawns; and τ is the period of exposure,
h (Sushchenya, 1975).

Variation in growth parameters of prawns was esti�
mated using standard deviation (σ) and the coefficient

r
W0 W

τ
–( )24

nτ
��������������������������,=

of variation (CV, %). Experimental data were pro�
cessed with the STATISTICA 6.0 program package.

RESULTS

The growth rate of prawns kept under different
conditions in plastic basins is described by an expo�
nential equation of the form

(2)

where a and b are constants, y is the wet weight of
prawns, and x is cultivation period, days.

Table 2 shows parameters of Eqs. (3)–(12) for the
growth rates of prawns in experimental monosex and
mixed populations with different initial stocking den�
sities. Growth curves shown in Fig. 2 were calculated
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Fig. 2. Growth of female and male Oriental river prawns in monosex and mixed populations with initial stocking densities of
(a) 40 and (b) 80 ind./m2: (1) females and (2) males in monosex populations; (3–5) mixed populations: (3) males + females,
(4) females, and (5) males.
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on the basis of empirical values recorded for these
populations.

As follows from Fig. 2a, growth rates in monosex
and mixed populations with the initial stocking den�
sity of 40 ind./m2 remained equal for about 30 days.
Between days 27 and 39, significant differences
appeared between growth parameters of males and
females in monosex populations and between growth
parameters of males in mixed populations and those of
females in monosex and mixed populations; other dif�
ferences lacked statistical significance. Similarly sig�
nificant differences in growth parameters were also
observed in the period between days 60 and 80. The
highest growth rate was characteristic of females from
the monosex population, and the maximum rate, of
males in the mixed population, with their body weights
averaging 0.862 and 0.958 g, respectively. Heterogene�
ity in growth parameters manifested itself still more
clearly by the end of the experiment (days 110–127).
Significant differences were absent only between
prawns of the same sex grown in monosex and mixed
populations (Figs. 2a, 3), although the average weight
of males from the mixed population (1.836 g) was
greater than of males grown separately. This indicates
that, at an initial density of 40 ind./m2, males inhibit
the growth of females. In the monosex population of
males, their behavior was more aggressive, and con�
flict were observed frequently; i.e., competitive rela�
tionships manifested themselves more clearly. As a
result, male individual body weight in this population
averaged only 1.664 g.

In the course of growth, the standard deviation and
coefficient of variation increase gradually (Figs. 3, 4).
For females, the highest coefficient of variation in
body weight (23.97%) was recorded noted in the
mixed population. This is additional evidence that

males inhibit the growth of females and, at lower
energy expenditures (fewer aggressive contacts than in
the purely male population), their growth rate is
higher (Figs. 2a, 4). By days 108–127, the weight of
most individuals reached 1.8–2.0 g, while that of
females in the mixed population was only 1.2–1.4 g
(Fig. 5b). Thus, after 108–127 days of culturing at the
initial density of 40 ind./m2, the average individual
body weight reached 1.389 g in the female population,
1.664 g in the male population, and 1.559 g in the
mixed population. The amount of production in the
male population was 6.3% greater than in the mixed
population and 16.5% greater than in the female pop�
ulation.

At the stocking density of 80 ind./m2, growth rates
in the monosex and mixed population were approxi�
mately equal in the initial period, as was the case at
40 ind./m2. Between days 27 and 33, however, differ�
ences in growth rate were observed not only between
females from monosex and mixed populations but also
between males from these populations. Moreover,
competitive relationships within populations mani�
fested themselves more distinctly. As a result, the range
of variation in growth parameters broadened (Figs. 2–4),
especially at later growth stages, when the lowest aver�
age weight of females was recorded. The range of their
weights in all variants was lower than that in males
(Fig. 5). The highest coefficient of variation in body
weight (27.60–29.86%) was recorded in the monosex
population of males (Fig. 4), being indicative of more
active competitive relationships between them. After
approximately 100 days, the average individual body
weight reached 1.317 g in the female population, 1.527 g
in the male population, and 1.392 g in the mixed pop�
ulation; the productivity of the male population
exceeded that of the mixed population by 12.8% and

Table 2. Parameters of equations for body weight (W, g) as a function of culture period in monosex and mixed Oriental river
prawn populations 

Culture
conditions Sex

Culture
period,

days

Body 
weight 

range, g
a b R2 n Equation 

no.

Initial stocking density 40 ind./m2

Monosex 
population

Females 127 0.60–1.90 0.7651 0.0051 0.957 72–56 3

Males 127 0.60–2.38 0.7488 0.0068 0.981 72–48 4

Mixed
population

Females + males 125 0.61–2.65 0.7516 0.0064 0.965 72–49 5

Females 125 0.61–1.65 0.7588 0.0051 0.940 36–27 6

Males 125 0.61–2.65 0.7531 0.0076 0.975 36–22 7

Initial stocking density 80 ind./m2

Monosex 
population

Females 133 0.60–1.74 0.7595 0.0044 0.765 84–47 8

Males 106 0.60–2.80 0.7427 0.0069 0.929 84–38 9

Mixed
population

Females + males 95 0.60–2.26 0.7298 0.0076 0.906 84–41 10

Females 95 0.60–1.30 0.7288 0.0054 0.828 42–18 11

Males 95 0.61–2.26 0.7419 0.0090 0.919 42–23 12
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of the female population by 17.5%. Due to an abrupt
increase in the mortality of females in mixed popula�
tions, comparisons of growth and survival rates and
variation levels became impossible after 80 days of cul�
turing.

Let us compare the growth of prawns in monosex
and mixed populations at the two initial stocking den�
sities. Firstly, the range of variation in body weight in
monosex populations, both male and female, at
80 ind./m2 was broader than at 40 ind./m2 throughout
the culture period (Figs. 3, 4). The situation in mixed
populations was the same until the final stage, when
the growth of females was inhibited by the increased
density (Fig. 3c). Secondly, the body weight of prawns
throughout the culture period showed a general ten�
dency to be lower in populations with higher stocking
density (Fig. 3). In mixed populations, significant dif�
ferences between growth rates of females and males at
different stocking densities were observed at the end of
the experiment.

As shown in Fig. 6a, the survival rates of Oriental
river prawns in cultures with the initial density of
40 ind./m2 began to decrease immediately after the
onset of the experiment. The female population was an
exception, showing the highest survival rate through�
out the culture period. This parameter in females from

the mixed population was slightly lower due to compe�
tition with males. However, the survival of males in the
mixed population was also lower than in the monosex
population.

At the initial density of 80 ind./m2 (Fig. 6b), the
survival rates decreased more abruptly and, at the end
of experiment, were significantly lower than at
40 ind./m2. In females from the mixed population,
this parameter decreased to 43% by days 80–95. Due
to a high mortality (more than 50% over 95–106 days),
the experiment had to be stopped. Only females in the
monosex population survived by days 128–133.

To estimate what mechanisms account for the level
of intraspecific competition, daily food consumption
by females and males was compared in monosex and
mixed populations with different densities (Table 3).
In the initial period, daily food consumption in males
was significantly higher than in females only in mono�
sex populations with the initial density of 40 ind./m2,
although this difference was small in absolute values.
At the initial density 80 ind./m2, food consumption
was also somewhat higher in males, but the difference
lacked statistical significance. At densities of 33.0–
36.7 and 49.0–55.3 ind./m2, the values of food con�
sumption did not differ significantly between females
and males in monosex and mixed populations; however,
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Fig. 3. Average growth parameters of (a, c) female and (b, d) male M. nipponense Oriental river prawns in (a, b) monosex and
(c, d) mixed populations with initial stocking densities of (I, III, V) 40 ind./m2 and (II, IV, VI) 80 ind./m2 over culture periods of
(I, II) 27–41 days, (III, IV) 57–87 days, and (V, VI) 86–127 days: (1) mean, (2) standard deviation; (3) minimum and maximum
values.
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daily food consumption in females at 55.3 ind./m2 was
significantly higher than that at 36.7 ind./m2.

DISCUSSION

The populations of postlarval freshwater prawns
immediately after metamorphosis are relatively homo�
geneous and have normal size distribution. Differ�
ences in average body size among postlarvae of the
giant freshwater prawn M. rosenbergii aged up to
30 days at stocking densities of 20 to 130 ind./m2 lack
statistical significance. The values of variance also do
not differ; i.e., these postlarvae show identical varia�
tion in body size irrespective of density (Alekhnovich
and Kulesh, 2003). The result obtained with M. nip�
ponense is similar.

After approximately one month, the population
becomes heterogeneous. with respect to individual
growth rate. In the giant freshwater prawn M. rosen�
bergii, the “leading” part of the population is being
formed, which consists of larger individuals. Juveniles
of this species fall into two categories, rapidly growing,

or jumpers, and slowly growing, or laggards. Jumpers
grow very rapidly: their body size 60 days after meta�
morphosis may be 15 times greater than in other mem�
bers of the population (Ra’anan and Cohen, 1984;
Karplus et al., 1987). The same tendency was found in
postlarvae of the Oriental river prawn M. nipponense
(Kulesh and Guiguinyak, 1993).

Growing jumpers develop mainly into large�sized
blue claw (BC) and orange claw (OC) morphotypes,
while the SM morphotype (small males) is formed of
laggards. These three mature morphotypes differing in
morphology, physiology, and behavior are not perma�
nent but rather represent stages in the dynamic line of
development, and every male can potentially proceed
from SM to BC via OC (Ra’anan and Sagi, 1985;
Kuris et al., 1987; Karplus et al., 1987, 1991).

The manifestation of individual growth heteroge�
neity is delayed at a low stocking density. For example,
among postlarval M. nipponense prawns aquacultured
in rice fields at a density of 2–6 ind./m2, significant
differences in growth rate were first only after three
months, with males beginning to grow more rapidly
than females (Lan et al., 2006).

Karplus (2005) distinguished four different social
mechanisms controlling the growth of crustaceans:
direct competition for food, inhibition of food
requirement, changes in the efficiency of food assimi�
lation, and increasing locomotor activity. In general, it
may be concluded that variation in body size depends
on two groups of factors, genetic and environmental.
However, there is evidence for sexual dimorphism in
the heritability of body size: females show a consider�
able level of genetic control over this character (h2 =
0.35), while in males this index is close to 0 (Malecha
et al., 1984).

In the Oriental river prawn, there is no such social
structure with subdivision of males into morphotypes
as in the giant prawn, but competitive relationships
clearly manifest themselves in mixed populations,
resulting in the inhibited growth of females. This com�
petition proved to be more acute in case of intensive
aquaculture (80 ind./m2): at the end of culturing, the
average weight of the male population exceeded that of
the mixed population by 12.8%, compared to 6.3% at
40 ind./m2, and the excess in weight over the female pop�
ulation was 17.5%, compared to 12.8% at 80 ind./m2.
Similar data were obtained for the giant freshwater
prawn. For example, the proportion of small�sized
males was significantly greater at a stocking density of
60000 ind./ha than at 14000 ind./ha (Lan et al.,
2006). After 5 months of culturing in floating cages at
stocking densities of 15, 30, 60, and 90 ind./m2, the
proportions of individuals weighing less than 20 g were
31, 48, 64, and 76%, respectively (Cuvin�Aralar et al.,
2007).

The results of studies on monosex and mixed pop�
ulations of M. rosenbergii cultured in ponds, cages,
and rice fields also show that males grow more rapidly
than females and inhibit their growth, while the pres�
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ence of females has little effect on the growth of males.
Commercial yields from purely male populations were
7.8–45.0% higher than from mixed populations and
34.0–47.5% higher than from female populations, but
the body size of females in commercial production was
more uniform than that of males (Sagi et al., 1986;
Cohen et al., 1988; Lan et al., 2006; Mohanakumaran
et al., 2006).

A comparison of these data with our results indi�
cates that the effect of males on females in the giant
prawn is stronger. For example, the yield from a
monosex female population of this species proved to
be more than twice that from females in a mixed pop�
ulation (Sagi et al., 1986).

It has long been shown that the survival of prawns
in mixed populations inversely depends on their den�
sity: the lower the density, the higher the survival (Ale�
khnovich and Panyushkin, 1991; Kulesh, 1996; Ale�
khnovich and Kulesh, 2003; Cuvin�Aralar et al.,
2007). In case of semi�intensive M. nipponense culture
(40 ind./m2), the survival rates of females in monosex
and mixed populations are significantly higher than
those of males. In intensive culture (80 ind./m2), con�
versely, life activities of females are inhibited to the
extent that their survival rate becomes lower than in
males not only in the mixed population but also in the
monosex population. Among M. rosenbergii prawns

grown in ponds at a sufficiently low initial stocking
density (9 ind./m2), the lowest survival rate was also
recorded in the male population: 66.3%, compared to
75.6% in the female population and 75.2% in the
mixed population (Cohen et al., 1988). Apparently,
competitive relationships between sexes at such a den�
sity are not manifested so clearly as in M. nipponense.

Food supply is a major biotic factor determining
the level of intraspecific competition. In experiments
with giant freshwater prawn receiving a limited
amount of food, a positive correlation was revealed
between aggressiveness, food consumption, food�stor�
ing behavior (after satiation, aggressive prawns col�
lected food and defended it from subordinate individ�
uals), and weight gain (Karplus, 2005). Direct compe�
tition for food controlled growth. In case of excess
food supply, as in our studies, no correlation between
aggressiveness and food consumption was observed.
Daily food consumption in equal�sized M. nipponense
prawns was at the same level and did not decrease in
subordinate individuals. This excludes the role of
appetite inhibition as a mechanism of growth regula�
tion. Apparently, Karplus (2005) was right in conclud�
ing that the main factor in this case is the efficiency of
food assimilation. Under conditions of equal access to
food, aggressive individuals assimilate it more effi�
ciently and, therefore, grow more rapidly, while subor�
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dinate prawns are characterized by a low efficiency of
food assimilation.

How can aggressive individuals be identified?
As shown by Brown et al. (2003), prawns consuming
increased amounts of food and having the highest
scaphognathite beat rate in the resting state are the
most aggressive. In M. nipponense, this rate is directly
related to the rates of heartbeat and oxygen consump�
tion (Giginyak and Kulesh, 1994): the higher the
scaphognathite beat rate, the higher the level of
metabolism. Therefore, when water temperature
remains constant, it is fairly easy to identify the most
aggressive and rapidly growing individuals.

Thus, it may be concluded that biotic factors—in
the present case, social interactions and, in part, the
efficiency of food assimilation—may be more effec�

tive than genetic factors in controlling differences in
the size composition of freshwater prawn populations.
This conclusion is confirmed by the well�known fact
that selective removal of larger individuals from the
population stimulates the compensatory growth of
remaining smaller individuals (Ra’anan and Cohen,
1984; Karplus, 2005).

The results of this study are indicative of consider�
able intraspecific competition dependent on density
and sex ratio in Oriental river prawn populations. The
commercial yield of male populations is higher than
that of mixed and female populations, but the size dis�
tribution of females is more uniform. Supplementary
feeding will not contribute to growth rate as long as the
pressure of aggressive individuals remains in the popu�
lation. This pressure in prawn aquaculture may be
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Fig. 6. Survival rates of (1, 3) female and (2, 4) male Oriental river prawns in (1, 2) monosex and (3, 4) mixed populations with
initial stocking densities of (a) 40 and (b) 80 ind./m2.

РЕ
ПО
ЗИ
ТО
РИ
Й БГ

ПУ



RUSSIAN JOURNAL OF ECOLOGY  Vol. 40  No. 6  2009

EFFECT OF BIOTIC FACTORS ON GROWTH AND SURVIVAL 413

alleviated by selective removal of large individuals by
trawling, provision of additional substrates increasing
surface area available to prawns, and reduction of the
initial stocking density of juveniles in polyculture with
fish, as well as by prolonging the period of postlarvae
rearing (in winter–spring) in recirculation basins with
artificial heating.
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