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Introduction
Among the various cultural species of catfish, pangasiid catfish 

(Pangasianodon hypophthalmus) is particularly important for their 
fast growth, lucrative size, good taste and market demand.1–3 This fish 
can be stocked at a much higher density in ponds compared to other 
culturable species in Bangladesh.1 As augmentation of fish production 
from rivers and estuaries is quite difficult, dependency on pond 
aquaculture has been increased for enhanced production and supply 
of fish, employment generation and poverty alleviation in the rural 
areas. Pangasiid catfish (P. hypophthalmus) was highly accepted to 
the farmers during the introducing period because of its fast growth, 
disease resistance capacity and high consumer acceptance but in 
recent years, this fishery is gradually being depleted. Monoculture 
of pangasiid catfish (P. hypophthalmus) is mainly practiced in 
Bangladesh where for profitable production within a short growing 
cycle, over stocking of fast growing mono species is being practiced 
utilizing higher doses of supplemental feed. But within few years 
of successive culture, farmers faced a bitter experience, most of the 
culture ponds became hypernutrified which in extreme cases caused 
eutrophication by algal population due to continuous deposition of 
nutrients from unutilized natural food, excessive supplementary feed, 
uneaten portion of feed and excretory products. 

For efficient management and successful culture practices, the 
aqua biologists always confront the problems of productivity of 
water bodies. Although microalga is an essential component of 
aquatic ecosystem, it should be in an optimum range to ensure proper 
productivity. Large number of microalgae can produce bloom, which 
sometimes can have a detrimental effect on aquatic organisms.4 In 
many ponds, blue-green algae constitute the greater part of the algal 
biomass during summer and substances produced by many species 
of Cyanophyceae are toxic to aquatic plants and animals.5 So, algal 
bloom is not always desirable because of toxin, which can deteriorate 

the water quality and can cause toxicity to fish population and may 
lead to mass mortality of fishes.6 Eutrophication and bloom of various 
algal groups, mainly cyanobacteria deteriorate water quality and cause 
harm to fish population and ultimately economic loss in pangasiid 
catfish (P. hypophthalmus) farming. The contribution of cyanobacteria 
to various aspects of ecosystem function has received considerable 
attention.7 Chronic exposure of fish to toxic algal blooms in pangasiid 
catfish (P. hypophthalmus) ponds may result in ionic imbalance 
and reduced growth with oxygen deficiency and inhibition of light 
penetration.8 Thus, eutrophication associated with other hydrological 
parameters make the environment friendly for the mass occurrence of 
toxic and noxious algal blooms, which posing threat to aquatic life. 

Environmental factors interact to regulate spatial and seasonal 
growth and succession of microalgal populations. Algae have definite 
temperature optima and tolerance ranges, which interact with other 
parameters to cause seasonal succession. Though the different seasons 
of a year in Bangladesh are not so marked as those of temperate 
countries, yet considerable variations of population density of 
microalgae are found. The common species in one month are often 
become the rare species in the following month. Abrupt changes in 
abiotic factors (e.g., wind-induced vertical mixing; marked seasonality 
in rainfall and associated nutrient loading and turbidity) can be more 
frequent in tropical lakes which leads to a series of numerous episodic 
changes in the annual phytoplankton succession and productivity.9 A 
good number of research were done on eutrophication, algal blooms 
and seasonal succession of phytoplankton throughout the world 
but there is a scarcity of work on microalgal species composition, 
temporal succession and algal blooms and their effects on pangasiid 
catfish (P. hypophthalmus) production.10–13 With the progress of pond 
aquaculture, studies of the microalgae occurring in pond has gained 
considerable importance. The qualitative and quantitative variation of 
phytoplankton in different months is likely to have direct effect on fish 
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Abstract

As microalgal blooms are very common and making serious problems in water 
bodies throughout Bangladesh, an investigation was carried out to see the composition 
and succession of noxious blue-green algae in pangasiid catfish (Pangasianodon 
hypophthalmus) ponds. During the course of the study, 20 species of Cyanophyceae were 
recorded, and among them Microcystis aeruginosa was the most abundant compared to 
other species. Significant occurrence of Microcystis viridis was also observed. Efforts were 
made to study certain physico-chemical factors and their influence on the composition 
and seasonal abundance of these species. Peak abundance of M. aeruginosa was observed 
from July to August. Moderately higher water temperature, lower rainfall and NO3-PO4 
enrichment increased the biomass of both M. aeruginosa (168.72×103cells/L) and M. viridis 
(8×103cells/L) in the experimental ponds. Higher feeding rate in monoculture of pangasiid 
catfish (P. hypophthalmus) made the ponds hyper nutrified by unutilized feed and fish 
excreta that supported the higher abundance of these Cyanophyceae. In composite culture 
ponds, silver carp (Hypophthalmichthys molitrix) effectively grazed down the microalgae 
and as a result, algal bloom was not noticed. 
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growth. So, their species composition and seasonal trends are of great 
value. The growth of Microcystis produces bad odour and unsightly 
scum, preventing recreational use of water bodies, hampering 
treatment of water for drinking, and clogging irrigation pipes.14 This 
underscores the need for investigation on the occurrence of noxious 
Microcystis aeruginosa and Microcystis viridis in pangasiid catfish (P. 
hypophthalmus) ponds to observe structure of Microcystis community 
and their seasonal flux, species composition, effectiveness of silver 
carp (Hypophthalmichthys molitrix) in water quality maintenance 
through grazing down the algae, and the quantitative and qualitative 
variations of these two species in respect to the physico-chemical 
factors and abundance of fish species.

Materials and methods
The study area

All the ponds were situated side by side in the same area which 
were newly excavated and rain-fed and of rectangular shape with an 
area of 200m2 each in the Field Laboratory of the Faculty of Fisheries, 
Bangladesh Agricultural University, Mymensingh, Bangladesh. 

Experimental design

Fishes were stocked at a density of 120 fishes per decimal. 
The experiment was arranged in three treatments each with 
three replications. In treatment I (T-I), 120 pangasiid catfish (P. 
hypophthalmus) were stocked, in treatment II (T-II) and treatment 
III (T-III), 60 pangasiid catfish (P. hypophthalmus) +60 silver 
carp (Hypophthalmichthys molitrix) and 80 pangasiid catfish 
(P. hypophthalmus) +40 silver carp (H. molitrix) were stocked, 
respectively. Commercial pellet feed was given considering only the 
body weight of pangasiid catfish (P. hypophthalmus). Silver carp (H. 
molitrix) normally cannot eat pellet feed and they grow on natural 
feed, plankton. Feeding rate was 10% of the body weight of fish (first 
month - May), 8% of the body weight of fish (first fortnight of June), 
6% of the body weight of fish (second fortnight of June to July), 5% 
of the body weight of fish (August). Pond experiment was done over 
105 days. Pangasiid catfish (P. hypophthalmus) and silver carp (H. 
molitrix) seeds were collected from a local renowned fish fry trader. 

Water quality parameters

One sampling point for each pond was selected. Water temperature 
and colour of water were observed daily, and nitrate-nitrogen, 
phosphate-phosphorus and phytoplankton population measured 
fortnightly as stated by Affan et al.15 Rainfall data were collected from 
the Weather Office, Bangladesh Agricultural University, Mymensingh, 
Bangladesh. 

Study of phytoplankton

Five liters of water from each pond were collected from different 
zones and concentrated to 100ml by passing through a No. 25 bolting 
silk plankton net. The collected phytoplankton samples were stored 
in vials and preserved in 5% buffered formalin for future qualitative 
and quantitative analyses. A microscope calibrated with a Whipple 
ocular micrometer was used in the qualitative study, and identification 
of planktons was done up to genus and species level where possible 
according to Ward & Whipple,16 Needham & Needham,17 Prescott,18 
APHA19 and Bellinger.20 The estimation of phytoplankton was done 
by Sedgwick-Rafter counting chamber (S-R cell) method under 
an Olympus (model B061) microscope.21 Counted results were 
summarized as cells per liter. 

Statistical analysis

For statistical analysis of data, a one-way ANOVA was carried out 
using MSTATC statistical package.22 Statistical significance level was 
estimated at P<0.05 and P<0.01. 

Results and discussion
Total phytoplankton

Microalgal species diversity in lacustrine ecosystems is influenced 
by many biotic and abiotic processes that include the magnitude 
and frequency of inflow events, associated with nutrient loading, 
infection by species-specific pathogens and selective grazing by fish.23 

During the course of present investigation in the natural assemblage 
of microalgae in pangasiid catfish (P.hypophthalmus) ponds, 45 
species were recorded, of which 20 belonged to Cyanophyceae, 14 
to Chlorophyceae, 8 to Bacillariophyceae and 3 to Euglenophyceae 
(Table 1). Hossain24 recorded a total of 38 microalgal genera when 
studied biological production of ponds. Rahman25 found 39 genera 
of microalgae belonging to Cyanophyceae (10spp.), Chlorophyceae 
(19spp.), Bacillariophyceae (7spp.) and Euglenophyceae (3spp.) in the 
research ponds of Bangladesh Agricultural University, Mymensingh. 
Kohinoor et al.26 recorded 34 genera of microalgae belonging to these 
four groups: Cyanophyceae, Chlorophyceae, Bacillariophyceae and 
Euglenophyceae. Affan et al.15 observed a total of 45 phytoplankton 
species from four ponds situated in the surroundings of Bangladesh 
Agricultural University, Mymensingh and those consisted of 
Cyanophyceae (30spp.), Chlorophyceae (7spp.), Bacillariophyceae 
(5spp.) and Euglenophyceae (3spp.). The variation in number of 
species among the results of the different studies could arise from 
the difference in the nutrient status, chemical qualities of water and 
density and species composition of fish stocked. In all the treatments, 
abundance of Cyanophyceae was observed to be higher except in T-II 
(Figure 1). In T-II, Chlorophyceae ranked highest (41.34%) followed 
by Cyanophyceae (33.06%), may be due to the effective grazing of 
Cyanophyceae by the silver carps. 

Table 1 List of phytoplankton recorded from the pangasiid catfish (P. 
hypophthalmus) farming ponds

Cyanophyceae Chlorophyceae

Microcystis aeruginosa Oedogonium

Microcystis viridis Scenedesmus

Microcystis wesenbergii Volvox

Microcystis flos-aquae Ulothrix

Anabaena crassa Zygnema

Anabaena curva Synedra

Anabaena fusca Coelastrum

Anabaena heterospora Botryococcus

Anabaena levandari Pediastrum

Anabaena lemmermanii Spirogyra

Anabaena macrospora
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Aanabaenopsis Bacilariophyceae

Merismopedia warminghiana Cyclotella

Aphanizomenon flos-aquae Navicula

Oscillatoira Nitzschia

Chroococcus Coscinodiscus

Nostoc Tabellaria

Gomphosphaeria Asterionella

Aphanocapsa Gyrosigma

Nodularia Pleurosigma

Chlorophyceae Euglenophyceae

Actinastrum Euglena

Ankistrodesmus Phacus

Chlorella Trachelomonas

Closterium

Abundance of Cyanophyceae
The dynamics of phytoplankton succession is a function of many 

of the environmental processes that affect particular species diversity. 
Blue-green algae were observed as the most dominant group among 
the phytoplankton and maintained its dominance throughout the study 
period, which agrees with the findings of Rahmatullah et al.27 The 
percent compositions of Cyanophyceae occupied 49.83%, 33.06% 
and 49.25% in total phytoplankton in T-I, T-II and T-III, respectively 
(Figure 1). Their dominance was due to their abundance in number, 
not in species. The highest abundance of Cyanophyceae was 
168.72×103cells/L on 31 July in T-I, 77.06×103cells/L on 15 June in 
T-II and 151.56×103cells/L on 31 July in T-III. Significant differences 
(P<0.05) were found with the abundance of Cyanophyceae among the 
treatments (Figure 2).

Figure 1 Percent composition of different groups of microalgae found in the 
ponds under three different treatments. 

Figure 2 Abundance of Cynophyceae in ponds under three different 
treatments. 

As there was no silver carp (H. molitrix) in ponds of T-I, 
Cyanophyceae cell density was high compared to T-II and T-III. 
Microalgae were found to persist in the surface water as thick scum 
in ponds of T-I due to their higher abundance. Excessive blooms 
of blue-green algae are particularly common in ponds used for 
intensive culture of channel catfish.28 But in T-II and T-III, abundance 
of Cyanophyceae was comparatively lower than T-I and that might 
be due to the presence of silver carp (H. molitrix). In T-II, lower 
abundance of Cyanophyceae was observed because of the grazing 
effect of silver carp (H. molitrix). Siddiqua29 found highest percentage 
of cyanobacteria in the gut content of silver carp (H. molitrix). In ponds 
with high feeding rates, blue-green algae on the average was more 
numerous than other types of algae. Silver carp (H. molitrix) grazed 
on phytoplankton more effectively in T-II. A number of problems, 
including odours,30 bad taste in fish,31 presence of toxic substance 
and shallow chemical and thermal stratification of pond waters32 have 
been attributed to blooms of blue-green algae. Furthermore, under 
certain conditions, blooms of blue green algae, particularly species 
of Microcystis and Anabaena, suddenly die and their decomposition 
leads to oxygen depletion and fish mortality.30,33 Thick algal blooms of 
cyanobacteria inhibit light penetration as well as they use most of the 
nutrients from the water body for their growth. As a result, the growth 
of other beneficial planktons decreased markedly and ultimately 
hampered the fish production in the present study. 

Dominance of Microcystis aeruginosa
In the present study, Cyanophyceae comprised of 11 genera and the 

much higher abundance of Microcystis was observed in comparison to 
other genera. This was might be due to inhibitory effect of this genus 
on other genera. The inhibition of growth of Chlorella by Microcystis 
was proved by the inverse correlation among them in all the ponds. 
Similar trend was recorded in case of Euglena and Microcystis. Habib 
et al.34 recorded that Microcystis and Anabaena had inverse relation 
with most of the other microalgae. The inhibition of growth may be 
due to the production of toxins of other microalgae which agrees with 
the findings of Lam and Silvester.35

Microcystis aeruginosa is one of the most cosmopolitan species 
among the planktonic cyanobacteria. Significant differences were 
found in the abundance of M. Aeruginosa among the treatments 
(P<0.05) (Figure 3). It was observed as the most dominant species in 
the present investigation. In T-I, the highest number (62×103cells/L) 
of M. aeruginosa was observed on 31 July which decreased to 
40×103cells/L on 15 August. However, they were not found on 1 
May, at the start of the investigation. In T-II, the highest number of 
M. aeruginosa was observed as 21×103cells/L on 15 June, followed 
by 8×103cells/L on 31 May and the lowest number of 1 × 103 
cells/L was noted on the started date of the experiment. In T-III, the 
highest number of 57×103cells/L was found on 31 July, followed by 
42×103cells/L on 15 August but they were not found on 1 May as 
shown in Figure 3. Microcystis aeruginosa was dominated by 95-98% 
of the total phytoplankton density during the bloom.36

Kruger and Eloff37 stated that the temperature for optimum growth 
of Microcystis is between 29 and 30.5ºC, so the recorded temperature 
and lower rainfall during the present study were favourable for the 
high concentration of the species (Figure 4&5). Murrel and Lores38 

reported that M. aeruginosa dominance often occurs when the 
temperature rises above 20ºC. This finding is also similar to Visseret 
al.39 under culture condition. Another cause of higher abundance of 
M. aeruginosa might be due to favourable hydrographical conditions. 

Table Continued...
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Affan et al.40 suggested that high concentrations of NO3-N influenced 
toxin production by increasing M. aeruginosa propagation. The 
number of M. aeruginosa was found to be increased with the 
increasing level of NO3-N and PO4-P concentrations (Figure 6). 
Higher phosphorus content of surface water was reported to be the 
reason for a bloom of the cyanobacteria, M. aeruginosa.14

The inhibition of growth of other microalgae may be due to the 
toxin produced by the Microcystis.41Microcystis aeruginosa inhibited 
the growth of several species in laboratory cultures and apparently 
reduced the production of other algae in three Missouri ponds.42 

Microcystis played a dominant role to create bloom. Dominancy of 
Microcystis have also been reported by Habib et al.,34 Ali et al.,43 
Cunqi et al.44 and Jahan et al.45 

Figure 3 Abundance of M. aeruginosa in ponds under three different treatments. 

Figure 4 Influence of temperature on M. aeruginosa abundance in ponds under three different treatments. 

Figure 5 Influence of rainfall on M. aeruginosa abundance in ponds under three different treatments.  
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Figure 6 Influences of NO3-N and PO4-P on M. aeruginosa production in ponds under three different treatments. 

Dominance of Microcystis viridis
Significant differences (P<0.05) were found in the abundance of 

M. viridis among the treatments (Figure. 7). In treatment I, the highest 
number of M. viridis (8×103cells/L) was observed on 16 July followed 
by 6×103cells/L on 1 July. However, they were not available in May. 
Microcystis viridis was occasionally present in other two treatments 
during the months of July and August. They were not found in May 
in other treatments too (Figure 7). Major changes in the abundance 
of microalgae in tropical ponds are related to change in availability 
of phosphorus and nitrogen and they likely to play a significant role 

in succession and competitive success of certain algal populations 
(Figure 8). Much lower abundance of M. viridis was observed in 
comparison to M. aeruginosa in the present study. This was might 
be due to inhibitory effect of M. aeruginosa on other species. The 
inhibition of growth may be due to the production of toxins of other 
microalgae which agreed with the findings of Lam and Silvester.35 
The inhibition of growth of Chlorella by Microcystis was proved by 
the inverse correlation among them in all the ponds. Similar trend was 
recorded in case of Euglena and Microcystis. Habib et al.34 recorded 
that Microcystis and Anabaena had inverse relation with most of the 
other microalgae. 
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Figure 7 Abundance of M. viridis (x103cells/l) in ponds under three different treatments. 
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Figure 8 Influences of NO3-N and PO4-P on M. viridis in ponds under three different treatments. 

Conclusion
In the natural assemblage of pangasiid catfish (P. hypophthalmus) 

farming ponds, the microalgal population was identified and found 
to be composed of 45 phytoplankton genera belonging to four 
major groups. Microcystis aeruginosa was observed as the most 
dominant species and caused bloom in ponds of pangasiid catfish 
(P. hypophthalmus) monoculture as high nutrient contents and other 
favourable environmental conditions seriously enhanced the growth 
with a peak in the summer months. As there was no silver carp (H. 
molitrix) in monoculture of pangasiid catfish (P. hypophthalmus) 
ponds, microalgae could not be used as food and they remained in 
the ponds and caused eutrophication and bloom by maximizing their 
abundance. In the ponds of composite culture, silver carp (H. molitrix) 
effectively grazed on microalgae and prevented algal bloom, and water 
quality was found better than the monoculture ponds. Therefore, from 
this evidence in hand, it is suggested that silver carp (H. molitrix) can be 
introduced in pangasiid catfish (P. hypophthalmus) ponds as a means 
of biological control of microalgae, which would help in improving 
the aquatic environment as well as fish yield. Nevertheless, aquatic 
environmental monitoring in pangasiid catfish (P. hypophthalmus) 
ponds with special emphasis on microalgal species composition and 
their dynamics in different regions and different seasons are suggested 
for better management practices.
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