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 Seasonal cycle and bloom dynamics of cyanobacteria in relation to environmental parameters 

were studied in three areas- Godagari Upazila under Rajshahi district (GD ponds), Bogra city 

(BG ponds) and Singra upazila under Natore district (SG ponds) from September 2014 to  

August 2015. Standard methods were followed to analyze the water quality, sediment  

parameters and cyanobacterial cell density. Except temperature, mean values of all water 

quality parameters were found significantly different (P < 0.05) among the three study sites. 7 

genera of cyanobacteria were identified whereas the highest density was recorded during 

September in all the studied ponds in order of BG ponds (130.36×106 cells/l) > SG ponds 

(84.93×106 cells/l) > GD ponds (58.74×106 cells/l). Gradual decrease in cell density was  

observed from November to January, whereas the lowest density (12.25×106 cells/l) was  

recorded at BG ponds in December, 2014. Higher values of soil organic matter, total nitrogen 

and pH were found to play significant role in determining higher cyanobacterial cell density at 

BG ponds compared to SG and GB ponds. The dominant species recorded in all the three  

studied regions was Microcystis sp. 
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INTRODUCTION 

 

Cyanobacteria are photosynthetic microorganisms that subsist 

in diverse terrestrial and aquatic environments, including fish 

ponds, throughout the world. When conditions are favorable, 

cyanobacteria form blooms in ponds (Gikuma-Njuru et al., 

2005). Cyanobacteria (blue-green algae) in the genera  

Anabaena, Aphanizomenon, Microcystis, and Oscillatoria often 

form extensive and persistent blooms in freshwater aquaculture 

ponds (Bold and Wyne, 1978). Bloom-forming cyanobacteria 

are undesirable in aquaculture ponds because: 1) they are a  

relatively poor base for aquatic food chains; 2) they are poor 

oxygenators of the water and have undesirable growth habits; 

3) some species produce odorous metabolites that impart  

undesirable flavors to the cultured animal; and 4) some species 

may produce compounds that are toxic to aquatic animals (Pearl 

and Tucker, 2007). Toxic cyanobateria are now recognized as a 

hazard to human and animal welfare and health assessments are 

being carried out to determine environmental health problems 

(Skulberg et al., 1984; Carmichael, 1994; 1995). Living in the 

aquatic environment, fish in a variety of ways come into contact 

with cyanobacteria and their toxins, which affect their growth, 

development, histology, reproduction and survival (Palikova et 

al., 2007; Deng et al., 2010; Svircev et al., 2015). Even mortality 

of fishes, bad odour from decayed algae and bad odour from 

cooked fish muscle has been reported in ponds having algal 

blooms (Jewel et al., 2006; Rahman and Jewel, 2008). It is known 

that cyanobacteria can produce a number of secondary metabo-

lites and compounds. Among these, microcystin is considered to 

be one of the most dangerous toxins, as it is known to be a  

potent hepatotoxin that may cause liver damage in humans, fish, 

and other organisms, and may promote tumor growth (Dawson, 

1998). Microcystin contents in fish may vary according to both 

their exposure time and bloom duration. Therefore, the degree 
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of risk of human exposure to microcystin via consumption of fish 

may vitally depend on the accumulation of microcystin in fish 

(Chen et al., 2009).  

Cyanobacterial blooms are now a common phenomenon in 

ponds, lakes and reservoirs in Bangladesh. With gradual  

increase of aquaculture, specially intensive and semi-intensive 

aquaculture, fish farmers are experiencing many unexpected 

problems among which environmental degradation with  

noxious algal blooms and aquatic toxicity are most alarming. For 

getting higher fish production fish farmers apply high doses of 

fertilizers and feeds in their ponds. As a result, the confined  

waters of the ponds have become eutrophicated due to  

sedimentation of nutrients from fertilizers and from decom-

posed organic matters which induce toxic and noxious blooms of 

cyanobacteria by Microcystis aeruginosa, Anabaena flosaquae, 

Aphanizomenon flos-aqua (Jewel et al., 2003; Rahman and Jewel, 

2008). Changes in environmental condition with increasing tem-

perature of water body, the occurrence of cyanobacterial bloom 

is increasing day by day. Other factors such as pH and DO in 

particular are also reported to have strong correlations with 

algal concentration in water column. Apart from that, due to the 

increase in urbanization and industrialization nutrient input in 

household ponds become increasing subsequently and the  

particular algae take the advantage of eutrophic aquaculture 

situations. Since there are lacks of cyanobacteria research in 

Bangladesh especially in aquaculture industry, this study was 

conducted to determine the abundance of cyanobacterial  

biomass in aquaculture system in selected three regions of 

Bangladesh. This study also aims to identify the relationship 

between environmental factors (e.g. temperature, DO, pH and 

nutrients) with relative abundance of cyanobacteria in fish  

aquaculture ponds by assessing the relationships in the study 

locations. This study is important for public health risk protec-

tion to ensure safe fish supply to be delivered to consumers. 

MATERIALS AND METHODS 

 

Site selection 

The study was conducted from September 2014 to August 2015 

in 9 fish culture ponds at three different locations of Rajshahi 

Division (three ponds from Godagari Upazila under Rajshahi 

district (GD ponds), three ponds from Shingra Upazila under 

Natore district (SG ponds) and three ponds from Bogra Sadar 

Upazila under Bogra district (BG) (Figure 1). The Global  

Positioning System (GPS) coordinates of sampling ponds are as 

shown in Table 1. All of the chosen ponds comprised of earth 

ponds and used for fish culture.  

 

Monitoring of physico-chemical parameters  

Monitoring of the physico-chemical parameters was based on 

the procedure of APHA (1998). Surface water samples were  

collected once in a month between 10:00 and 11:00 h for  

analysis of various physico-chemical parameters using dark  

bottles. The water samples were chilled in ice and transferred to 

the laboratory at 4°C. Surface water temperature and transpar-

ency were measured using a Celsius thermometer and a black 

and white standard colour coded Secchi disc. Water pH was 

measured using an electronic pH meter (Jenwary, 3020). Nitrate

-nitrogen (NO3-N), phosphate-phosphorus (PO4-P) concentra-

tions were measured using the Hach Kit (DR/2010, a direct-

reading spectrophotometer) with high range chemicals (Nitra 

Ver. 5 Nitrate Reagent Powder Pillows for 25 ml sample for NO3

-N and Phos. Ver. 3 Phosphate Reagent Powder Pillows for 25 

ml sample for PO4-P analysis). Dissolved oxygen (DO) and total 

alkalinity were measured by using a portable aquaculture kit 

(Model FF2, HACH, USA). Biological Oxygen Demand (BOD) 

was measured by using Hach BOD Trak meter (model No. 205) 

through measuring initial and final BOD after incubation in dark 

for five days. 

BG ponds 

SG ponds 

GD ponds 

Figure 1. Blue circles are indicating the study area within Rajshahi Division.  
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Soil quality monitoring 

Soil quality in terms of organic matter (OM), total nitrogen (TN) 

and pH of the selected ponds were monitored at the start 

(September 2014) and at the end of the study period (August 

2015). Soil samples were tested in the laboratory of Soil Resource 

Development Institute (SRDI), Shyampur, Rajshahi. Organic mat-

ter and total nitrogen were calculated by the following formula: 

 

Organic Matter (%) = Organic Carbon (%) × 1.724 

Total Nitrogen (%) = Organic Carbon (%) ÷ 12 

 

Cyanobacterial study 

Water samples were collected using phytoplankton net (25 µm 

mesh size) and fixed in 5% formalin on site. Identification of the 

cyanobacterial species were conducted under a phase contrast 

light microscope (Olympus CX21, Tokyo, Japan) with bright field 

and phase contrast illumination (Anagnostidis and Komarek 

1985; Skulberg et al., 1993). Quantitative estimation of  

cyanobacteria was done on Sedgewick-Rafter counting chamber 

(S-R cell) by following the formula given by Stirling (1985), N = 

(A*1000*C)/V*F*L, where, N is the number cyanobacterial cells 

or unit per liter of original water, A is the total number of  

plankton counted, C is the volume of final concentrate of the 

sample in ml, V is the volume of a field, F is the number of the 

field counted, L is the volume of original water in liter. 

 

Statistical analysis 

For the statistical analysis of data collected, one-way analysis of 

variance (ANOVA) was performed using the SPSS (Statistical 

Package for Social Science, evaluation version-20.0, IBM  

Corporation, Armonk, NY, USA). The mean values were also 

compared to see the significant difference through DMRT 

(Duncan Multiple Range Test) at 5% level of significance (Gomez 

and Gomez, 1984). The percentages and ratio data were  

analyzed using arcsine transformed data.   

 

RESULTS AND DISCUSSION 

 

Water quality parameters 

Variations in the mean values of water quality parameters  

during the study period are shown in Table 2. Mean water  

quality parameters in BG ponds were more or less within the 

suitable range as compared to other ponds (SG and GD).  

Present findings agreed with Boyd (2012), who reported the 

acceptable water temperature 25-32°C, secchi depth due to 

phytoplankton turbidity 30-45 cm, pH 6-9, and alkalinity above 

20 mg/l for fish production. Mean water transparency of GD 

ponds were significantly (P<0.05) lower than BG and SG ponds. 

The lower value of transparency in GD ponds might be related 

to the high clay turbidity at that region (a red-soil zone) and 

might be not for plankton density. In the present study,  

significantly (P<0.05) lower pH value was found at GD ponds 

which is similar to the findings of Hossain et al. (2010) who also 

recorded lower pH (acidic condition) value in rice fish culture 

system at Barind area of Rajshahi. Dissolved oxygen, BOD, total 

alkalinity and nutrients (NO3-N and PO4-P) concentrations were 

relatively high in BG and SG ponds compared to GD ponds. 

Hossain and Bhuiyan (2007) also found lower alkalinity,  

dissolved oxygen and nutrient concentrations in red soil zone 

(Barind area). 

Table 1. Global Positioning System (GPS) coordinates of sampling ponds. 

Locations Ponds GPS coordinate 

Godagari Upazila under Rajshahi district 

1 24º28´23.46´´ N, 88º26´25.40´´ E 

2 24º28´03.45´´ N, 88º25´38.50´´ E 

3 24º29´14.14´´ N, 88º27´15.23´´ E 

Shingra Upazila under Natore district 

4 24º28´26.85´´ N, 89º08´00.94´´ E 

5 24º28´25.83´´ N, 89º07´55.27´´ E 

6 24º28´28.93´´ N, 89º07´56.38´´ E 

Bogra Sadar Upazila under Bogra district 

7 24º50´58.99´´ N, 89º21´59.93´´ E 

8 24º50´57.44´´ N, 89º21´57.35´´ E 

9 24º51´01.99´´ N, 89º22´03.43´´ E 

Table 2. Mean variation of different water quality parameters in BG, SG and GD fish ponds. 

Parameters 
Sampling sites 

p- value Level of significance 
BG ponds SG ponds GD ponds 

Temperature (°C) 27.71±1.84a 27.84±1.82a 28.43±1.99a 0.959 NS 
Transperancy (cm) 34.06±1.84a 38.06±1.97a 23.69±1.27b 0.000 * 

pH 7.85±0.14a 7.80±0.13a 6.10±0.14b 0.000 * 

DO (mg/l) 4.50±.14a 4.32±0.15a 3.81±0.17b 0.010 * 
BOD5 (mg/l) 2.37±0.25a 2.05±0.14ab 1.74±0.18b 0.041 * 
NO3-N (mg/l) 1.87±0.23a 1.66±0.21a 1.26±0.17a 0.265 NS 
PO4-P (mg/l) 0.64±0.08a 0.50±0.07ab 0.38±0.07b 0.045 * 

Total alkalinity (mg/l) 141.16±1.11a 122.27±1.17b 31.15±0.68c 0.000 * 

*, Significant at 5% level; NS, Not significant; BG ponds: Bogra ponds, SG ponds: Singra ponds, GD ponds: Godagari ponds.  
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Soil quality parameters 

Mean variation in soil quality parameters e.g. organic matter 

(OM %) pH and total nitrogen (%) are shown in Table 3. Soil  

organic matter, total nitrogen content and pH value was  

relatively high in BG and SG ponds compared to GD ponds that 

indicate soil productivity of GD ponds was lower than other two 

sites. Similarly, lower soil organic matter, total nitrogen content 

and pH value were also recorded by Hossain et al. (2010) during 

their study in Barind area. 

 

Cyanobacterial analysis 

The Cyanobacterial cell density varied from 12.25×106 to 

130.36×106 cells/l at BG ponds, 8.46×106 to 84.93×106 cells/l at 

SG ponds and 5.9×106 to 58.75×106 cells/l at GD ponds (Figure 2). 

A total of 17 species of cyanobacteria was identified, namely  

Microcystis aeruginosa, M. wesenbergii, M. robusta, M. viridis, M.  

natans, M. botrys, Anabaena circinalis, A. microspora, A. curva, 

Planktothrix agardhii, P. rubescens, P. anagnostidis, Aphanocapsa 

nageli, Aphanizomenon flos-aquae, Merismopedia nageli, Oscillatoria 

voucher, O. agardhii. Mean cell density of Cyanobacteria was  

varied from 22.01±4.22 cells/l (GD ponds) to 54.02±12.20 cells/l 

(BGponds). There was a significant difference (p > 0.05) in  

cyanobacteria cell density was found among the three sampling 

sites (Table 4). 

Table 3. Variation in the mean value of soil quality parameters in in BG, SG and GD fish ponds. 

Soil quality parameters 
Sampling sites 

BG ponds SG ponds GD ponds 

Start of the study   
Organic matter (%) 1.25±0.02a 1.22±0.07ab 1.19±0.09b 
Total nitrogen (%) 0.11±0.02a 0.09±0.03ab 0.10±0.01b 
pH 7.02±0.25a 7.05±0.30a 6.50±0.25a 
End of the study   
Organic matter (%) 1.73±0.04a 1.57±0.04ab 1.47±0.03b 
Total nitrogen (%) 0.15±0.01a 0.10±0.02ab 0.11±0.015b 

pH 7.68±0.09a 7.60±0.06ab 6.95±0.03b 

Figures in a row bearing common letter(s) do not differ significantly (p<0.05); BG ponds: Bogra ponds, SG ponds: Singra ponds, GD ponds: Godagari 
ponds.  

Table 4. Mean variation in cyanobacteria cell density (×106 cells/1) in BG, SG and GD fish ponds. 

*, Significant at 5% level; BG ponds: Bogra ponds, SG ponds: Singra ponds, GD ponds: Godagari ponds.  

Figure 2. Effect of temperature, transparency, pH, DO, BOD5, NO3-N, PO4-P and total alkalinity on the total cyanobacterial cell density in BG, SG and GD 
ponds from September 2014 to August 2015. 

Parameters 
Sampling sites 

p- value Level of significance 
BG ponds SG ponds GD ponds 

Total cyanobacteria 54.02±12.20a 35.15±6.97ab 22.01±4.22b 0.038 * 
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Two peak periods of cyanobacterial bloom were found during 

the study period. One was in February-March (Spring season) 

and another was in September (Autumn season) (Figure 2). In 

spring bloom, rapid multiplication of cyanobacterial cells due to 

the availability of adequate amounts of nutrients, rising temper-

ature; bright sunlight and pH were identified as the main factors 

for bloom formation of cyanobacteria at that time. Similar find-

ings were also reported by Affan et al. (2015) and Li et al. (2018). 

Rahman and Jewel (2008) also found relatively high cell density 

of cyanobacteria in fish culture ponds of Rajshahi City Corpora-

tion in March (Spring season) and they stated that rising  

temperature with increasing nutrients concentration were the 

main factors for high cell density of cyanobacteria at that time. 

It was also observed that cyanobacterial cell density was the 

highest in BG ponds (54.02±12.20 cells/l) throughout the study 

period compared to SG (35.15±6.97 cells/l) and GD (22.01±4.22 

cells/l)ponds. BG ponds were found to receive huge amount of 

sewage and domestic wastes through drains especially in the 

rainy season. These nutrient input might trigger higher growth 

of cyanobacteria in early autumn (September) at sampling 

ponds of BG (130.08×106 cells/l). Jewel et al. (2006) and Rahman 

and Jewel (2008) also stated that higher nutrient concentra-

tions especially nitrate-nitrogen and phosphate-phosphorus are 

mainly responsible for higher cell density of cyanobacteria in 

early autumn in ponds. Cyanobacterial cell density was the lowest 

at GD ponds and it might be due to lower nutrient concentrations 

with acidic pH, high turbidity and low alkalinity that were respon-

sible for lower productivity of cyanobacteria in those ponds 

(Hossain and Bhuiyan, 2007). Similarly higher cyanobacterial 

growth due to nutrient accumulation during rainy season was 

found by Rejmánková et al. (2011). Cyanobacterial cell density 

was found moderate at SG ponds and it might be due to the small 

amount of nutrient from drainage system and surface-runoff  

during late rainy season. Cyanobacterial cell density appeared to 

decrease gradually in the winter months in all the three study 

sites from November to January might be due to the lower  

temperature and low nutrient concentrations in those months 

(Nguyen and Wood, 1979 and Pabst et al., 1980). 

 

 Conclusion 

 

The present findings indicate that higher nutrient concentra-

tions, alkaline pH with higher alkalinity of water create favora-

ble condition for higher cell abundance of cyanobacteria in BG 

and SG ponds. However, lower cell density of cyanobacteria in 

GD ponds (Barind area) indicated low nutrient concentration, 

high water turbidity, acidic pH and lower alkalinity. Further 

study on noxious and harmful cyanobacteria and their toxin 

should be undertaken to find out the effect of cyanobacterial 

bloom on fish production in culture ponds. 
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