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INTRODUCTION

Bacteria are most abundant and important
biological component involved in the transformation and
mineralization of organic matter in the biosphere (Cho
& Azam, 1988; Pomeroy et al., 1991; Williams, 1981).
Specially, the biogeochemical cycling bacteria play a
key role in the nutrient dynamics of fish farming ponds.
They are also basic contributors to the evolution of the
chemical quality of aquatic systems controlling the
dynamic of biogeochemical cycles and the so called
self purification processes. For good understanding of
the role of bacteria in these changes, it is required that
many parameters be taken into account (Bianchi, 1998),
for example, accurate measurement of bacterial
densities and of their physiological state, metabolic
activities and regulation factors. Heterotrophic bacteria
contribute to the cycles of nutrients in two major ways:
by the production of new bacterial biomass (secondary
production) and by the remineralization of nutrients
(Giorgio & Cole, 1998). Understanding this dual
character of bacteria in aquatic ecosystems is a central
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paradigm of contemporary microbial ecology (Billen,
1984; Ducklow & Carlson, 1992; Pomeroy et al., 1991).

Bacterial growth efficiency is the quantity of
bacterial biomass synthesized per unit of substrate
assimilated. In the process of growth, various
compounds, elements and minerals are converted into
cell material at the expense of the energy source.
Organic substrate is an important factor which is taken
up by a bacterial cell will be partly used in catabolic
reactions to generate ATP and partly used in anabolic
reactions for biomass synthesis (Dawes, 1985). In the
absence of exogenous substrates, minimum
maintenance energy requirements must be supported
by degradation of biomass through endogenous
metabolism.

Various intrinsic and extrinsic factors affect the
favourable environment for bacterial population growth
as well as fish growth in the aquaculture ponds.
According to Bhakta (2003) and Bhakta et al. (2006),
biogeochemical cycling bacteria population is influenced
to great extend by fertilizer dose. Parallel with fertilizers,
the fish stocking density also another important factor
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in regulating bacterial population for sustainable fish
farming. Lack of information regarding the stocking
density dependent response of bacterial population is a
main driving force of the present concern. This study
has been attempted to ascertain the effect of fish
stocking density on bacterial population growth and its
ecological bases in the regulation of bacterial growth
efficiency.

MATERIAL AND METHODS

Study was conducted in fifteen cement tanks
(4500 l; 3 x 1.5 x 1 m3) using different stocking densities,
provided with dry soil and filled with ground water (pH
7.4) a week prior to experiment. Each tank was fertilized
with mixed fertilizer @ 200 g tank-1 week-1 (equivalent
to 23,000 kg ha-1year-1) prepared by mixing of poultry
droppings (PD), cattle manure (CM), single super
phosphate (SSP) and urea (U), which was determined
to be optimum for pond fertilization (Jana et al., 2001).

Advanced fry of catla (Catla catla L., 1.2 ± 0.05
g), bata (Labeo bata Ham., 1.8 ± 0.23 g) and common
carp (Cyprinus carpio L., 2.15 ± 0.2 g) were procured
from a local farm and acclimatized for a week. After one
week of initial fertilization, fish fry was introduced into
tanks following the stocking densities 8, 13, 16, and 32
fry tank-1 (herein called SD8, SD13, SD16 and SD32), which
were equivalent to 17775, 28880, 35550 and 71100 fry
ha-1 maintaining the ratio catla-2 : bata-3 : common carp-
3. A set without introduction of fish was used as control
(C). Each stocking density of fish and control had three
replicates. The fishes were reared for 150 days. Naturally
produced plankton was the source of food for the fishes
as no supplementary feeding was provided during the
culture period.

Water samples were collected from different sites
of each tank, pooled into one and used aseptically for
microbial examination at a fixed hour of the day (10.00
h) at weekly intervals during the early phase and
biweekly thereafter. Aliquots of ten-fold dilution 10-1 to
10-4 of collected water were made in sterile distilled water.
Conventional spread plate technique under aerobic
conditions was used to enumerate viable counts of
aerobic heterotrophic bacteria (HB), cellulose
decomposing bacteria (CDB), denitrifying bacteria (DNB)
and phosphate solubilizing bacteria (PSB) following the
methods described by Rodina (1972) and Austin (1990)
at an incubation temperature of 35 °C for three days.
Each dilution of the sample was plated in triplicate and
arithmetical means of the three petri plates was used in
the present study. Water quality parameters were
examined following the standard methods described by
APHA (1995). Primary productivity of the phytoplankton
was determined using the light and dark bottle method

described by Vollenweider (1974). Increments of fish
growth and their survival were recorded at the time of
harvest.

Bacterial growth efficiency (BGE) for heterotrophic
bacteria (HB) of different stocking density over control
was calculated using the formula as follows:

100(%) ×
−

=
HB

HBHB
C

CTBGE

where,
HBT = Mean bacterial number in water of the treatments
HBC = Mean bacterial number in water of the control

All data were expressed as mean ± S.E. and
statistically analyzed by one way ANOVA (Gomez &
Gomez, 1984). Prior analysis, the assumptions of normal
distributions and homogeneity of the variance were
checked using Kolmogrov–Smirnov and Cochran’s tests,
respectively. If the main effect was found significant,
the ANOVA was followed by a LSD (least significance
difference) test. All statistical tests were considered
significant at 5% probability level using statistical
package EASE and M-STAT.

RESULTS

Bacterial population
Four bacterial populations (HB, CDB, PSB and

DNB) showed significant fish density dependent
responses (ANOVA, P< 0.05). The number of HB (50 -
308 x 104 cfu ml-1), CDB (46 - 233 x 102 cfu ml-1), PSB
(22 - 314 x 101 cfu ml-1) and DNB (40 - 203 x 101 cfu ml-
1) increased with increasing stocking densities of fish
introduced and showing the following order of variations:
C > SD8 > SD13 > SD16 > SD32. The mean counts
observed in the highest stocking density (SD32) were 15
to 79% in HB, 11 to 53% in CDB, 42 to 195% in DNB
and 26 to 142% in PSB higher than that occurred in
remaining stocking densities (SD8, SD13 and SD16). The
counts of various group of bacterial population showed
gradual rising response with period in different stocking
density (Fig. 1).

Growth efficiency of bacteria (GEB) raged from
46 – 183% in HB, 18 – 79% in CDB, 62.7 – 382% in
DNB and 41 – 242% in PSB in different stocking density.

Water quality parameters
Temperature and pH of water ranged from 26.6 to

32°C and 7.2 - 8.8 during the period of experimentation,
respectively. The concentrations of free carbon dioxide
(1.3 to 7.1 mg l-1) and dissolved oxygen (7.6 to 17.89
mg l-1) showed significant differences in different stocking
density employed (Table 1).
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Three nitrogen parameters (Ammonium-N, Nitrite-
N and Nitrate-N) showed density dependent significant
differences (ANOVA, P< 0.05). The concentrations varied
from 0.085 to 0.366 mg l-1 in ammonium-N, 0.037 to
0.211 mg l-1 in nitrite-N and 0.038 - 0.174 mg l-1 in nitrate-
N and increased with increasing stocking density. The
orthophosphate concentration also exhibited a density
dependent function and ranging from 0.095 to 0.313 mg
l-1 among all the stocking density employed (Table 1).
Temporal responses of all nutrient parameters were
gradual increasing trend in different stocking densities
of fish (Table 1).

Primary productivity of water
The gross primary productivity (53 - 397 mg C m-

3h-1) and net primary productivity (25.5 - 194 mg C m-3h-

1) exhibited significant differences (ANOVA, P< 0.05)
among all stocking density and increased with increasing
stocking density. The GPP and NPP also exhibit a rising
response with time.

Growth, survival and yield of fish
Average weight of three fish species ranged from

7.2 to 43.5 g in catla, 8.4 to 50.25 g in bata and 10.5 to
75 g in common carp (Table 1). Survival of fish varied

Figure 1 - Temporal response of HB (A), CDB (B), DNB (C) and PSB (D) in water of out door tanks stocked with different densities of
carps.
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between 85 and 100% in different stocking density. Fish
yield increased directly with increasing stocking density
till SD16, further increase of stocking density resulted in
32.86 % decline of fish yield. The maximum fish yield
was 441.34 g/tank in SD16 followed by SD13, SD8 and
SD32.

DISCUSSION

Results of the present study demonstrated that
different groups of biogeochemical cycling bacterial
population increased with increasing fish stocking
density in carp culture ponds. The biogeochemical
microbial activities are regulated by the environmental
complex in farming ponds that are managed under
different stocking combinations (Jana & Patel, 1984,
1985, 1990; Jana & Ray, 1985a, b, 1986; Jana & De,
1990, 1993). The rate of increase in bacterial population
was maximum in DNB and followed by PSB, HB and
CDB, respectively. Such, direct fish density dependent
increase in the growth of different groups of bacteria in
the fish growing tanks was the result of density
dependent increase in production of metabolic wastes
acting as a source of nutrients containing substrate  for
bacterial growth. Rate of growth efficiency of different
biogeochemical cycling bacterial populations (HB, CDB,
DNB and PSB) were 18 to 62.7%, 45 to 140%, 61 to
238% and 79 to 382% in SD8, SD13, SD16 and SD32,
respectively (Fig. 2). It pronounces that fishes of higher
stocking density substantially contribute towards more
nutrient enrichment than lower one through their role of
ichthyoeutrophication for bacterial growth. Generally, the
behaviour of bacterial growth efficiency influenced by

amount of substrate exposed and consumed by bacteria
(Monod, 1942) or energy (ATP) produced from the
substrate (Bauchop & Elsden, 1960).

Increase rate of different bacterial density for per
gram of fish (HB 0.083 – 1.97 x 104 cfu ml-1, CDB 0.069
– 0.3 x 102 cfu ml-1, DNB 0.064 – 0.523 x 101 cfu ml-1
and PSB 0.049 – 0.385 x 101 cfu ml-1) exhibited a gradual
rising responses with increasing stocking density
implying that the system of higher fish stocking density
having more potentiality for growing the bacterial
population than that of the lower one.

Correlation studies revealed that the nutrients
concentrations was positively correlated with the growth
of heterotrophic bacteria in different stocking density
which indicating microbial degradation of metabolic
wastes (decomposition) greatly responsible for the
release of nutrients which was the direct function of both
fish stocking density and thereby metabolic wastes. It
is well known that the decomposition of organic fertilizer
is carried out by bacteria, fungi, actinomycetes (Persson
et al., 1980; Gaur et al., 1995; Boyd, 1995) releases
the essential nutrients that sustained the biological
productivity of the pond. Relationship between
denitrifying bacterial population and ammonium–N
concentration revealed that the fish excreted faecal
matters contains favourably enough substrates for
denitrifying bacterial growth which resulting in high
concentration ammonium nitrogen in water (Fig. 3).
According to Diana & Fast (1989) higher stocking
density often results in higher ammonia concentrations.
It has been clearly established that the phosphorus flow
is mainly related to phytoplankton activity in the water
column and decomposition on the pond bottom, while
nitrogen flow is mainly linked to autotrophic

Table 1 - Mean values (± S.E.) of water quality, primary productivity, fish growth and fish yield in different stocking densities of carps
employed in out door tank. Same script among treatments (rows) revealed lack of significant difference.
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(photosynthesis) and heterotrophic (decomposition and
nitrification) processes (Milstein et al., 2003).

CONCLUSION

As pond quality assessment parameters,
productivity and fish yield are regulated by nutrients
condition of the water released from microbial
decomposition of organic and fish faecal matters that
directly influencing the microbial population of the fish
pond (Fig. 4). The present study also showed that
productivity and fish yield were maximum at SD32 and
SD16, respectively. From this point, it is obvious that
fish yield is not always increased with increasing
productivity of the ponds, because higher stocking
density of fishes liberates higher quantity of faecal matter
containing proportionately greater concentration of
nutrients having more scope for bacteria to act upon
the faecal matter resulting in higher bacterial population
and productivity in one hand and fish growth inhibition
due to stressful and uncongenial aquatic environment
developed by means of heavy nutrients load on the other
hand. Bhakta (2006) proposed that nutrient liberation
criteria of faecal matters depend on the quantity of faecal
matter, variation of fish species and fish size. Therefore,
the above discussion affords us to draw a clear
conclusion that growth of biogeochemical cycling
bacterial population is largely governed by the stocking
density of fish.
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