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Abstract

The exploitation of the natural habitats, uncontrolled introduction of allied exotic fishes and pathogenic infections has
brought down the condition of Asian catfish, Clarias batrachus to quite a deplorable state. Currently, a worldwide effort is
on the run to cultivate the endangered species in both natural and semi-intensive manner. An extensive study was performed
to evaluate the synergistic effect of physico-chemical parameters, planktonic diversity and bacterial flora of C. batrachus
cultivation on its productivity. The values of the physicochemical parameters were between 18 to 25°C for temperature, 6.5
to 7.7 for pH, 3.1 to 4.8 mg/L for dissolved oxygen, 21 to 27 mg/L alkalinity, 70 to 128 mg/L for salinity, 78 to 128 mg/L for
total hardness and 176 to 260 mg/L for total dissolved solids. The amount of total ammonia, nitrate and nitrite of the treated
pond were 0.02 to 0.06 ppm, 0.1 to 0.4 ppm and 0.1 to 0.5 ppm respectively. Five predominant groups of zooplanktons and
five classes of phytoplanktons were identified throughout the study. The viable bacterial counts of pond water and sediment
mud were found in low range during winter in comparison to summer season. The bacterial flora consisted mainly of gram

negative rods.
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Introduction

Asia has witnessed an impressive annual growth rate in
aquaculture sector over last three decades and presently is the
largest contributor of aquatic production worldwide'. Clarias
batrachus (Linn.) is considered as one of the most demanding
aquatic products in Southern Asia for its adaptability, excellent
nutritional profile and high economic importance. However, the
species is presently on the verge of extinction and wrestling to
cope up with several challenges. The screening and use of
probiotic strains and proper farm set up for C. batrachus
cultivation are in major focus to retrieve the situation.

Water is the most prime abiotic factor that supports life in this
world. Particularly the physico-chemical properties of water
monitor the life of aquatic organisms living in it. Any change in
the water quality has direct influence on biotic communities
where different species of flora and fauna exhibit great
variations in their responses to the altered environment™’. Rapid
industrialization, indiscriminate use of chemical fertilizers and
pesticides in agriculture are causing drastic pollution in aquatic
environment leading to deterioration of water quality and
depletion of aquatic biota. Maintenance of water quality for the
cultivation of aquatic species in this context is very important.
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Planktons are tiny microscopic organisms that play an important
role in indicating the water quality, eutrophication status and
productivity of a freshwater body"*’. The density and
distribution of planktons are mainly depended on
physicochemical factors of water and available nutrients®. They
help to convert static food energy from primary to secondary
trophic level’. As they contain minute concentration of
bioaccumulated toxic substances they are considered to be much
suitable food item for aquatic fishes. The planktons not only
increase fish production but also help in bioremediation of
heavy metals and other toxic material®. The limnological
properties also have considerable influence on the bacterial load
of fish ponds’. Bacteria comprise of a significant portion of
planktonic biomass and are responsible for contributing
productivity in aquatic systems'’. They play a fundamental role
in nutrient recycling by decomposition and mineralization of
organic matter''. Bacteria are responsible for many of the
dominant chemical processes that occur in fish ponds. They also
help to maintain the delicate balance between the host and
environment. However, they can also be the primary or

secondary pathogens and cause many infectious aquatic
diseases'”.
There is dearth of information about the appropriate

hydrobiological parameters of C. batrachus cultivation in
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Bankura district as no such report had been provided by any
researcher till date. Generally, the ponds of this locality have
high potentialities for cultivation of C. batrachus but the
hydrobiological features may not always be satisfactorily good
enough to support catfish production mainly due to
anthropogenic pressure and lack of awareness among the fish
farmers. Considering these facts, the present investigation was
planned to observe the limnological parameters, planktonic
diversity and bacterial biomass of C. batrachus culture pond
throughout the year. It may also help in screening of probiotics
from autochthonous sources that can be more effective in
treating aquatic diseases.

Materials and methods

Culture Pond: A semi-intensive earthen pond at Ramsagar
(latitude 23°06' and longitude 87°15") of Bankura District, West
Bengal, India was selected as the study area. The area of the
pond was 0.06 ha with an average depth of 1.2 + 0.8 m. The
pond was surrounded with agriculture field. Limited number of
plants exists on the earthen bank and has 15 - 20 cm bottom
mud. The pond was free from industrial effluents and had no
history of use of probiotics or any other bacterial additives. The
pond was mainly dependent upon the supply of groundwater
along with intermittent rain water throughout the year. C.
batrachus fingerlings were introduced into the pond in the
month of July’ 2015 at a density of 10-15 fry per m’. This
stocking density however can be multiplied to many more
extent. It has been found that they attain maturity at the end of
the year (June’ 2016) maintaining almost 75% harvesting rate.
Fish yield data shows that the average C. batrachus production
in this study site is 12 + 2 t ha™' year™.

Limnological Assessment of Pond Water: Water samples
were collected at 50 + 10 cm depth of the surface whereas
sediment mud was collected from bottom of the pond. It was
done at the last week of each month in clean plastic air-tight
bottles in between 8 A.M - 9.30 A M. Water temperature was
measured by hydro-thermometer; pH by digital pH meter
(Systronics Model — 335); Total dissolved solid (TDS) was
measured using a Universal Pocket Digital TDS Meter
(CPEX10001). The alkalinity, salinity, dissolve oxygen (DO),
calcium, magnesium, ammonia, nitrate, nitrite, free CO, was
measured following standard methods of APHA".

Collection of Planktons: Zooplanktons and phytoplanktons
were collected by plankton net no. 25 of mesh size of
approximately 0.064 mm. 50 L water was filtered through hand
plankton net wherein plankton concentration used to accumulate
in the specimen tube of 100 mL at the tail end of the net. The
samples were immediately preserved in 4% formalin after
collection. It was allowed to settle down for a day. The detailed
study of the plankton was performed by using Olympus inverted
stereoscopic microscope (Model- MLX-B) fitted with a Nikon
camera. Identification of Zooplankton was done according to
Battish'* where as phytoplanktons were classified as per modern
taxonomic system.
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Bacteriological analysis: Water and mud samples were serially
diluted and petriplated on different agar media. The plates were
then incubated at 37°C temperature for 24-48h. The
enumeration of bacteria was determined and expressed in cfu/
mL on agar plates with the help of Quebec colony counter. The
plate counts were carried out in triplicates and the average of the
three respective readings were taken. Colony morphology
namely configuration, elevation, margin were recorded. Gram
character of each bacterial isolate was thoroughly studied and
their shape and size were observed.

Statistical analysis: The Pearson linear correlation matrix
among variables at 5% probability was drawn according to the
Microsoft Excel and Statplus software. The knowledge about
the relationship is helpful for maintaining the water quality of
the pond. A contour plot was drawn to represent different
limnological parameters. pH, temperature, ammonia, nitrate
were taken as X axis, nitrite, dissolve oxygen, alkalinity, CO,
as Y axes and other parameters namely salinity, total hardness,
Ca’," Mg, TDS were taken as Z axis. The contour diagram was
then plotted with respect to those axes with the values of
bacterial load of pond water and sediment using MATLAB
R2009b software.

Results and discussion

Physico-chemical Parameters of the Culture Pond: The
physico-chemical parameters of C. batrachus culture pond were
studied (Table-1) throughout the year. They were further
analyzed to obtain linear correlation (Table-2).

Temperature plays a significant role on the haematology and
metabolic activities of the aquatic organisms". Ahmad et al.'
reported that temperature has negative and significant
correlation with planktonic organisms. Water temperature also
plays a central role in regulating the quantity and quality of
bacterial flora'’. In the present study, highest water temperature
(23°C-25°C) was observed in summer season and lowest (18°C-
19°C) in winter. The viable bacterial count was found in low
range during winter season comparing to the summer season.
The temperature has shown a significant and positive relation
with bacterial flora.

The maintenance of pH is one of the most important attributes
of aquaculture farming. The pH values of culture pond water
ranged from 6.5 to 7.7. The pH increased during summer season
and decreased during monsoon and winter. The high pH in
summer season may be due to lower level of water and
increased photosynthesis of some microorganism resulting high
production of free CO, which makes the water little alkaline'®".
A shift to an alkaline environment or to an acidic environment is
stressful for bacteria’**. The capacity of bacteria to survive and
grow at alkaline pH has widespread importance in the
epidemiology of pathogenic bacteria as well as cultivation of
aquatic organisms™.
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Table-1a: Physico-chemical parameters and bacterial load of C. batrachus culture pond.
Temperature | Ammonia Nitrate Nitrite Dissolve Oxygen | Alkalinity

Month |~ pH C) (ppm) (ppm) (ppm) (mg/L) (mg/L) €0,
Jul 6.6 23 0.04 0.1 0.3 34 24 25
Aug 6.7 23 0.03 0.3 0.2 3.8 26 26
Sep 7.5 22 0.02 0.2 0.1 3.9 24 24
Oct 7.2 21 0.04 0.3 0.5 4.1 24 23
Nov 7 21 0.04 0.4 0.4 4.2 23 22
Dec 6.8 20 0.03 0.3 0.3 4.3 22 21
Jan 6.7 19 0.04 0.2 0.3 4.6 22 19
Feb 6.5 18 0.02 0.1 0.3 4.8 21 18
Mar 6.9 24 0.04 0.4 0.5 4 24 26
Apr 7.3 23 0.04 0.3 0.3 3.6 25 29
May 7.7 25 0.05 0.3 0.3 3.1 27 28
Jun 6.5 24 0.06 0.2 0.4 3.2 26 30

Table-1b: Physico-chemical parameters and bacterial load of C. batrachus culture pond.

Month Salinity Total Hardness Ca™ Mg™* TDS Bacterial Load of pond | Bacterial Load

(mg/L) (mg/L) (mg/L) (mg/L) water (cfu/ mL) of mud (cfu/ g)
Jul 98 128 52 57 246 8.2 x 10° 8.7 x 10*
Aug 100 120 50 55 260 2.9 x 10* 7.8 x 10*
Sep 90 118 48 53 235 6.1 x 10° 5.6 x 10*
Oct 85 90 49 53 202 52 %10’ 5.1x10*
Nov 85 90 47 52 186 8.6 x 10 1.4 x 10*
Dec 80 85 46 51 180 6.7 x 10 2.8x 10"
Jan 75 80 45 50 176 6.6 x 10° 4.5x%10°
Feb 70 78 43 47 184 5.8 x 107 1.6 x 10
Mar 120 80 45 52 200 8.6 x 10° 3.4 x 10*
Apr 126 82 47 54 201 8.1x10* 44x%x10°
May 128 110 49 53 206 8.5x 10 47 % 10°
Jun 116 115 50 57 208 8.9 x 10* 5.1x%10°

Average growth of C. batrachus 150 =10 g)
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Table-2a: Correlation of Physico-chemical parameters and bacterial load of C. batrachus cultivation.

pH Temp. NH; Nitrate Nitrite DO Alkalinity CO, Salinity TH Ca?* Mg* TDS BLW BLM
pH 1
Temp 0.3782 1
Ammonia 0.0101 0.5847* 1
Nitrate 0.4027 0.3217 0.2205 1
Nitrite -0.1712 0.0835 0.5439 0.4209 1
DO -0.3338 -0.9175%* -0.6419* -0.0546 0.0378 1
Alkalinity 0.4182 0.9109%* 0.5740 0.2522 -0.0442 -0.9027:#* 1
CO, 0.3093 0.9327%#* 0.6226* 0.2450 0.0680 -0.9165%* 0.9084%* 1
Salinity 0.3991 0.9215%* 0.6029* 0.3450 0.1485 -0.8293 % 0.8341%* 0.9300%* 1
TH 0.0578 0.5579 0.1586 -0.3184 -0.4502 -0.6966* 0.6150* 0.4871 0.2697 1
Ca?* 0.1113 0.6332* 0.4266 -0.1093 -0.1163 -0.78897%%* 0.7026* 0.6129* 0.3822 0.8718%** 1
Mg* 0.0325 0.7609%** 0.5517 0.0054 -0.0142 -0.85047%%* 0.7476%* 0.7973%* 0.5829* 0.7640%* 0.9151%* 1
TDS 0.0462 0.5303 -0.1044 -0.1977 -0.4564 -0.5399 0.5724 0.4661 0.2891 0.8565%* 0.7490%* 0.6891* 1
BLW 0.2884 0.6786* 0.6572* 0.0687 -0.0054 -0.7740%* 0.7846%* 0.8320%* 0.8110%* 0.2699 0.3661 0.5004 0.1300 1
BLM 0.3042 0.6617* 0.6887* 0.0182 0.0243 -0.78967* 0.7445%% 0.8170%* 0.7892%* 0.2729 0.3824 0.5112 0.0816 0.9879%* 1

BLW=Bacterial load of water, BLM=Bacterial load of mud. * = P (<0.05). ** =P (< 0.01).

The concentration of DO reflects the physical and biological
processes prevailing in water’’. It is an important aquatic
parameter in the context of farming of any aquatic species.
Oxygen depletion in water leads to poor feeding of fish,
starvation and subsequent mortality”. The concentration of DO
was found in low range.

The least dissolved oxygen (3.1 mg/L) was recorded in May and
the highest (4.8 mg/L) in February. DO was inversely
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proportional (r = -0.917) to the temperature at a given time. As
water temperature rises, the solubility of oxygen decreases.

The alkalinity of pond water is an important parameter in
determining the biotic composition of the system®®’. In this
culture pond, high alkalinity (26-27 mg/L) was recorded during
summer season and low (21-22 mg/L) in winter.

The high concentration of nitrogenous compounds in culture
pond may cause a barrier to transport oxygenated-blood in
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aquatic organisms that results fish mortality and decreased
production”™. The content of ammonia (0.02 to 0.06 ppm),
nitrate (0.1 to 0.4 ppm) and nitrite (0.1 to 0.5 ppm) in culture
pond didn’t accumulated to lethal concentrations. The presence
of such nominal levels of dissolved nitrogenous compounds
usually doesn’t have direct effect on aquatic species.

Free CO, is highly soluble in water and thus contribute as the
main source of carbon pathway in the nature. Plants absorb the
free carbon dioxide present in both atmosphere and water.
Carbon dioxide in water bodies is deposited by the respiratory
activity of aquatic animals. It has often been found to be
negatively correlated with zooplankton abundance®. Carbon
dioxide content of the studied pond water ranged from 18 mg/L
to 30 mg/L.

Higher salinity (128 mg/L) was observed in summer and lower
during post-monsoon and winter months. The salinity content
was well within the acceptable range of aquaculture farming and
found to be positively correlated with bacterial load. However,
further increase of salinity may result a sharp decrease in
bacterial flora.

The hardness of water indicates water quality. In the present
investigation, water was moderately hard (78 mg/L to 128
mg/L) throughout the year. Total hardness of water usually has
been found to be positively correlated with zooplankton
abundance™.

Calcium is an essential prerequisite for physiological function of
all life forms. The Ca** ion contributed (r=0.871) to the
hardness of water (Table-2). The concentration of Ca** was
higher (52 mg/L) in the month of July and lower (43 mg/L) in
February. The magnesium values generally follow the same
trend with calcium in aquaculture ponds. They both are essential
plant nutrients and are taken up by the plants through the
hydroponic components. The Mg** values of the studied pond
ranged from 47 to 57 mg/L.

Total Dissolved Solid (TDS) is a combination of inorganic salts,
organic matter and other suspended dissolved particles in
water’'. The TDS content was well within the permissible range
of aquaculture. It was higher (246-260 ppm) in monsoon
probably due to run-off water from agriculture fields.

In the present study, the limnological properties of pond water
were within the permissible range for fresh-water
aquaculture®>”. The contour plot (Figure-1) has shown a
positive and consistent impact of the physicochemical
parameters on the bacterial load which in turn may contributed
higher growth, development and survival rate of C. batrachus.
The figure supports that our data are consistent since the contour
plot is confined and divergent. Hence, in numerical point of
view, it may be suggested that, these limnological parameters
are most suitable regarding the cultivation of C. batrachus.
Thus, the synergistic effect of physico-chemical parameters of
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pond water created favourable and stable environment for the
growth of C. batrachus throughout the farming phase.

Planktonic Diversity: The physico-chemical parameters of the
pond water may affect the growth of phyto- and zooplanktons
which belong to the dietary range of C. batrachus™. Five major
groups of zooplanktons (Figure-2) were observed and identified
through this study. Overall, three species of Cladocera, two of
Copepoda, four of Rotifera, two of Ostracoda, four of larva and
protozoa were observed (Table-3). Cladocera was the most
important group. They feed on smaller zooplanktons and are
most sensitive to pollutants. The newly hatched fry generally
feeds on small zooplankton like Artemia nauplii where as
medium and large fingerlings mainly feed on Copepoda and
Cladocera®.

A phytoplankton community enriches the systems with
dissolved oxygen, natural feed and minimizes pathogenic and
unwanted microbial population. Conversely, Die-offs
phytoplanktons often produce high levels of ammonia which
discourages fish feeding and growth of the Clarias Sp.*. In the
present study, five classes of phytoplanktons were observed and
identified (Figure-3). Two of them belong to Cyanophyceae,
five of Chlorophyceae, one of Bacillariophyceae, one of
Charophyceae and three of Zygnematophyceae (Table-4).
Dawah and Gomaah®’ reported that cyanobacteria were present
in nearly all catfish culture ponds during summer and accounted
for more than 75% of the total phytoplankton biomass in most
ponds. These benthic organisms play significant role in fish
feeding and in the transfer of matter and energy in fresh water
ecosystem. Thus they become important component of food
webs, primary and secondary production, energy flow and
nutrient recycling in freshwater aquaculture'",

Bacterial Flora: The viable bacterial count in pond water was
found in low range (5.8x10” to 6.6x10* cfu ml") during winter
in comparison to summer (8.5%10* to 8.9x10* cfu ml™"). Similar
kind of observations was reported by Chowdhury et al.”®. In
their findings, the bacterial count was 1.3 x 10* to 5.6x10° cfu/
mL in catfish pond water. In the pond sediment, the bacterial
counts were in the range of 1.6x10° to 4.5x10° cfu g during the
winter and 4.7x10° - 5.1x10° cfu g during the summer season
(Table-1).

The average bacterial density was almost ten-times higher in the
pond sediment than pond water. The temperature may play a
vital role in development of bacterial biomass. Higher counts
were recorded during summer season in contrast to winter in
both cases. The bacterial flora obtained from pond water (Table-
5) and sediment mud (Table-6) consisted mainly of Gram
negative rods.

The quality of aquatic species can be regulated by monitoring
the bacteria of growing ponds, since this affect the storage life
and the quality of fish products. The growth rate of bacteria is
mostly controlled by their rapid response to physical, chemical
or environmental changes.
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Table-3: Predominant zooplankton species of C. batrachus culture pond of Ramsagar, Bankura.
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Anabaena Sp.

Stigeoclonium Sp.

Volvox Sp.

Groups Cladocera Copepoda Rotifera Ostracoda Larva and Protozoa
Daphnia sp. Cyclops sp. Brachionus bidentata Cypris sp. Artemia larva
Bosmina sp. Brachionus quadridentatus Zoea larva

Genera

Diaptomus sp. Keratella tropica Stenocypris sp. Paramecium sp.
Moina sp.
Asplanchna sp. Euglena sp.
Table-4: Predominant phytoplankton species of C. batrachus culture pond of Ramsagar, Bankura.

Groups | Cyanophyceae Chlorophyceae Bacillariophyceae | Charophyceae Zygnematophyceae

Oscillatoria Sp. | Hydrodictyon Sp. Spirogyra Sp.
Closterium Sp. (Desmids) Cosmarium Sp. (Desmids)
Class Scenedesmus Sp. Pennate Diatom ggleochaete

Zygnema Sp.

Bacterial Load of Pond water and Pond sediment

-3
-3

1

pH, Temperature, Ammonia, Nitrate, Nitrite, Dissolve Oxygen, Alkalinity, CO,, Salinity, Total Hardness, Ca”*, Mg**, TDS

2 3

Figure-1: The Contour plot showing impact of physico-chemical parameters on the bacterial load of C. batrachus culture pond.
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Diaptomus sp. Cyclops sp.

Moina sp. (Male) Moina sp. (Female)

Brachionus sp. Bosmina sp.

Cypris sp. Paramecium sp.
Figure-2: Diagrammatic representation of predominant zooplanktons from C. batrachus culture pond water.
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Figure-3: Diagrammatic representation of predominant phytoplanktons obtained from C. batrachus culture pond water.
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Table-5: Morphological characteristics and gram nature of predominant bacterial isolates isolated from C. batrachus culture pond.
. Configuration and . Co?ony Cultivation . Growth Gram Character
Strains . Margins Surface Size . Media
Elevation (mm) Time Temperature and Shape
PKA33 Circular, Erose Rough 4 24 h NA 30 °C Gram (-) cocci
Umbonate
PKA34 | Irregular, Undulated | Rough 2 24 h NA 30°C Gram (-) rod
PKA35 | Circular, Flat Entire Smooth 3 24 h NA 30 °C Gram (-) rod
PKA36 | Circular, Flat Undulated | Smooth | 4 24h NA 30°C Gram (+) spore-
forming rod
PKA37 | Circular, Flat Erose Smooth 5 24 h NA 30 °C Gram (+) rod
PKA38 | Irregular, Flat Undulated | Smooth 2 24 h NA 30 °C Gram (-) rod
PKA39 | Circular, Convex Entire Rough 3 24 h NA 30°C Gram (-) rod
PKA40 | Trregular, Flat Entire Smooth | 2 24h NA 30°C S;jm (-) short
PKA41 | Irregular, Flat Lobate Smooth 2 24 h NA 30°C Gram (-) spore-
forming rod
PKA42 | Circular, Raised | Erose Smooth | 3 24h NA 30°C Gram (+) spore-
forming rod

NA- Nutrient Agar.

Table-6: Morphological characteristics and gram nature of predominant mud isolates of C. batrachus culture pond.

Strains Configuration and Mareins | Surface Colony Cultivation Media Growth Gram Character
Elevation £ Size (mm) Time Temperature and Shape
pKA43 | Cireular, Entire | Rough 2 24 h NA 30°C Gram (-) rod
Umbonate
PKA44 | Irregular, Flat Entire | Rough 2 24h NA 30°C 1?;31111111 (+) cocco-
PKA45 | Circular, Raised Erose | Smooth 3 24h NA 30°C Gram (+) spore-
forming rod
PKA46 | Irregular, Flat Undulated | Smooth 3 24 h NA 30 °C Gram (-) rod
PKA47 | Circular, Flat Entire | Smooth 4 24h NA 30°C S)r(‘;‘m (-) long
PKA48 | Irregular, Flat Undulated | Smooth 2 24 h NA 30 °C Gram (-) rod
PKA49 | Irregular, Flat Erose Rough 3 24 h NA 30°C Gram (-) rod
PKAS50 | Circular, Raised Entire Smooth 4 24 h NA 30 °C Gram (-) cocci
PKASI | Irregular, Flat Erose Smooth 5 24 h NA 30 °C Gram (-) cocci
PKA52 | Circular, Flat Entire | Smooth 2 24h NA 30°C S)r;‘m () short
PKA53 | Circular, Flat Undulated | Rough 3 24h NA 30°C Gram (+) spore-
forming rod
PKAS54 | Irregular, Flat Erose Smooth 4 24 h NA 30 °C Gram (+) rod
PKASS | Irregular, Convex | Undulated | Smooth 4 24 h NA 30 °C Gram (-) cocci

NA- Nutrient Agar.
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Conclusion

The study provides an updated concept on the effect of physico-
chemical parameters, planktonic diversity and bacterial flora
with predominance of Gram negative species on successful
cultivation of C. batrachus. Although each factor plays its
individual role in C. batrachus cultivation, the synergistic effect
of various parameters also have direct influence on the
productivity. This study has an immense potential as a source of
information about suitable hydrobiological features to the
catfish farmers. It can generate high yield and restore the
endangered species from further deterioration in its
experimental site as particular and the regions of Asia-Pacific in
general.

Acknowledgement

The authors are thankful to Vidyasagar University, Sidho-
Kanho-Birsha University, Bankura Sammilani College and
Ramananda College for providing necessary support and
facilities to undertake the research work.

References

1. FAO. (2014),
http://www.fao.org/fishery/countrysector/naso _india/en

2. Abalaka S.E. (2013). Evaluation of the Haematology and
Biochemistry of Clarias gariepinus as Biomarkers of
Environmental Pollution in Tiga dam, Nigeria. Braz. Arch.
Biol. Technol., 56(3), 371-376.

3. Watson S.B. and John L. (2003). Overview drinking water
quality and sustainability. Water Qual. Res. J. Can., 38(1),
3-13.

4. Mikschi E. (1989). Rotifer distribution in relation to
temperature and oxygen content. Hydrobiol., 186(1), 209-
214.

5. Pradhan A., Bhaumik P., Das S. and Chaudhuri S.R.
(2008). Phytoplankton Diversity as Indicator of Water
Quality for Fish Cultivation. Am. J. Environ. Sci., 4(4),
406-411.

6. Neves LF., Rocha O., Roche K.F. and Pinto A.A. (2003).
Zooplankton community structure of two marginal lakes of
the river Cuba (Mato Grass, Brazil) with analysis of rotifer
and Cladocera diversity. Braz. J. Biol., 63(2), 329-343.

7. Majagi S. and kumarVijay K. (2009). Ecology and
abundance of =zooplankton in Karanja reservoir.
Environmental monitoring and assessment, 152(1-4), 451.

8. Apiratikul R. and Pavasant P. (2008). Batch and column
studies of biosorption of heavy metals by Caulerpa
lentillifera. Bioresour. Technol., 99(8), 2766-2777.

9. Roy P.R. and Barat S. (2011). Influence of water quality on
the bacterial contamination of resident loach,
Lepidocephalichthys guntea (Hamilton Buchanan) and on a

International Science Community Association

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Int. Res. J. Biological Sci.

Terai River Lotchka of Darjeeling District, West Bengal,
India. Arch. Environ. Sci., 5, 116-123.

Muylaert K., Van der Gucht K. and Vloemans N. (2002).
Relationship between bacterial community composition and
bottom-up versus top-down variables in four eutrophic
shallow lakes. Appl. Environ. Microbiol., 68, 4740-4750.

Azam F., Fenchel T., Field J.G., Gray J.S., Meyerr-Reil
L.A. and Thingstad F. (1983). The ecological role of water
column microbes in the sea. Mar. Ecol. Prog. Ser., 10, 257-
263.

Lightner D.V. (1996). A Hand Book of Shrimp Pathology
and Diagnostic Procedures for Disease of Culture Penaeid
Shrimp. World Aquaculture Society, Baton Rouge,
Louisiana.

APHA. (2008). Standard methods for the examination of
water and wastewater. 20" edition (American Public Health
Association, Washington, DC).

Battish S.K. (1992). Freshwater Zooplankton of India.
Oxford and IBH publishing Co., New Delhi.

Al-Deghayem W.A., Al-Balawi H.F., Kandeal S.A. and
Suliman E.A.M. (2017). Gonadosomatic index and some
hematological parameters in African -catfish Clarias
gariepinus (Burchell, 1822) as affected by feed type and

temperature level. Braz. Arch. Biol. Technol., 60,
el7160157.
Ahmad U., Parveen S., Abdel Mola H.R. and Ganai A.H.

(2012). Zooplankton population in relation to physico-
chemical parameters of Lal Diggi pond in Aligarh, India. J.
Environ. Biol., 33, 1015-1019.

Bisht A., Singh U.P. and Pandey N.N. (2012). Comparative
study of seasonal variation in bacterial flora concomitant
with farm raised fingerlings of Cyprinus carpio at tarai
region of Uttarakhand. J. Environ. Biol., 35, 363-367.

Trivedy R.K. (1989). Limnology of freshwater pond in
Mangalore, Oct (National Symposium on Advances in
limnology conservation of endangered fish species). 23-25.

Shiddamallayya N. and Pratima M. (2008). Impact of
domestic sewage on fresh water body. Indian J. Environ.
Biol., 29, 303-308.

Schuldiner S., Agmon V., Brandsma J., Cohen A,
Friedman E. and Padan E. (1986). Induction of SOS
functions by alkaline intracellular pH in Escherichia coli. J.
Bacteriol., 168(2), 936-939.

Taglicht D., Padan E., Oppenheim A.B. and Schuldiner S.
(1987). An alkaline shift induces the heat shock response in
Escherichia coli. J. Bacteriol., 169(2), 885-887.

Maurer L.M., Yohannes E., Bondurant S.S., Radmacher M.
and Slonczewski J.L. (2005). pH regulates genes for
flagellar motility, catabolism, and oxidative stress in
Escherichia coli K-12. J. Bacteriol., 187, 304-319.



International Research Journal of Biological Sciences

ISSN 2278-3202

Vol. 6(12), 23-34, December (2017)

23.

24.

25.

26.

27.

28.

29.

30.

Padan E., Bibi E., Ito M. and Krulwich T.A. (2005).
Alkaline pH Homeostasis in Bacteria: New Insights.
Biochim. Biophys. Acta., 1717(2), 67-88.

Murhekar G.H. (2011). Determination of Physico-Chemical
parameters of Surface Water Samples in and around Akot
City. Res. J. Chem. Sci., 1(2), 183-187.

Bhatnagar A. and Garg S.K. (2000). Causative factors of
fish mortality in still water fish ponds under sub-tropical
conditions. Aquaculture., 1(2), 91-96.

Venkatesh K.R., Rajendran M. and Murugappan A. (2009).
A correlation study on physico-chemical characteristics of
domestic sewage. Nat. Environ. Pollut. Tech., 8, 141-145.

Shashi and Dwivedi A.K. (2009). Numerical
interdependence in pH, acidity and alkalinity of polluted
river water. J. Environ. Biol., 30(5), 773-775.

Yusoff F.M., Banerjee S., Khatoon H. and Shariff M.
(2011). Biological Approaches in Management of
Nitrogenous Compounds in Aquaculture Systems. Dyn.
Biochem. Process Biotechnol. Mol. Biol., 5(1), 21-31.

Dutta T.K. and Patra B.C. (2013). Biodiversity and seasonal
abundance of Zooplankton and its relation to physico-
chemical parameters of Jamunabundh, Bishnupur, India.
Int. J. Sci. Res., 3, 76-82.

Ratushnyak A.A., Borisovich M.G., Vallev V.S., Ivanov
D.V., Andreeva M.G. and Trushin M.V. (2006). The
hydrochemical and hydrobiological analysis of the

International Science Community Association

31.

32.

33.

34.

3s.

36.

37.

38.

Int. Res. J. Biological Sci.

condition of the kuibyshev reservoir littorals (Republic of
Tatarstan, Russia). Ekoloji., 15(61), 22-28.

Weber-Scannell P.K. and Duffy L.K. (2007). Effects of
Total Dissolved Solids on Aquatic Organisms: A Review of
Literature and Recommendation for Salmonid Species. Am.
J. Environ. Sci., 3(1), 1-6.

Ayyappan S. (2010). Handbook of Fisheries
Aquaculture. ICAR, New Delhi.

Pillay T.V.R. (2005). Aquaculture: Principles and Practices.
Blackwell Science Ltd. Oxford, London;

Courtenay W.R., Sahlman H.F., Miley W.W. and Herrema
D.J. (1974). Exotic fishes in fresh and brackish waters of
Florida. Biol. Conserv., 6(4), 292-302.

Knud-Hansen C.F., Batterson T.R., McNabb C.D.,
Hadiroseyani Y., Dana D. and Eidman H.M. (1990).
Hatchery techniques for egg and fry production of Clarias
batrachus (Linnaeus). Aquaculture., 89, 9-19.

Tucker C.S., Lloyd S.W. and Busch R.L. (1984).
Relationship between un-ionized ammonia in channel
catfish ponds. Hydrobiol., 111, 75-79.

Dawah A.M. and Gomaah S.A. (2005). Phytoplankton
dynamics in earthen ponds stocked with African catfish
(Clarias gariepinus) feeding with different diets. Egyptian
J. Phycol., 6, 1-15.

Chowdhury M.B.R., Uddin M.N. and Begum A. (1994).
Bacterial flora in catfish, Clarias batrachus pond.
Bangladesh J. Aquacult., 16, 39-42.

and



