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Abstract  
There is an alarming increase in industrialization and anthropogenic activities in many parts of the world, which 
raises concern as to the roles they play in the aquatic ecosystems. The study was conducted to investigate chemical 
oxygen demand (COD) and metal concentrations as key drivers of the phytoplankton community of selected fish 
ponds in Osogbo, Nigeria, from February 2021 to July 2021. Water samples were collected monthly and analysed 
for physicochemical parameters, phytoplankton composition and abundance. Analysis of variance (ANOVA) was 
performed on linear regression models to assess their prediction of phytoplankton community diversity. Mean 
water temperature was 27.57±0.14 °C, pH 6.91±0.16, Biological Oxygen Demand (BOD) 1.30±0.13 mg/l, 
Chemical Oxygen Demand (COD) 345.1±75.0 mg/l, phosphate-phosphorus 7.518±1.75 mg/l, electrical 
conductivity 594.9±97.75 µs/cm, DO 2.37±0.29 mg/l and alkalinity 129.0±47.25 mg/l in the investigated ponds. 
The dominant phytoplankton group was Chlorophyceae (74%), followed by Bacillariophyceae (11%), 
Cyanobacteria (9%) and Euglenophyceae (6%). Canonical correspondence analysis (CCA) revealed that COD, 
chromium (Cr) and iron (Fe) were the key parameters controlling the phytoplankton composition of the 
investigated ponds. Analysis of variance performed on the CCA model revealed that the most significant 
environmental determinants controlling the occurrence and abundance of phytoplankton in the investigated ponds 
were COD (p = 0.009), Fe (p = 0.023) and Cr (p = 0.024). Results of the phytoplankton composition in the ponds 
indicated that physicochemical parameters play a very important role in their distribution and abundance. 
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1.   Introduction  

Phytoplankton comes from 
the  Greek words  (phyton) which means 
'plant' and  (planktos) which means 
'wanderer' or 'drifter' (Karlusich et al., 2020). They 
live in the well-lit surface layers (euphotic zone) of 
aquatic ecosystems and use sunlight through the 
process of photosynthesis to obtain their energy 
(Karlusich et al., 2020). Phytoplankton serve as 
important source of food for zooplankton and fishes 
which also serve as food for other animals and 
humans (Yisa, 2006). They play key role in the 
transfer of energy to higher organisms (Saifullah et 
al., 2014).  

A pond is a body of water that can be natural or 
artificial. Artificial ponds are often created for 
different purposes such as aquaculture, research and  

conservation of certain species of organisms. Ponds 
can be created naturally (through volcanic or 
tectonic activities) or as depressions filled by 
groundwater, precipitation or runoff (Clegg, 1989). 
They serve as habitats for a variety of living 
organisms such as phytoplankton, plants, fishes and 
reptiles (Johnson et al., 2013). The quality of an 
aquatic ecosystem and its suitability for aquatic 
organisms can be evaluated by measuring the 
physicochemical variables of water (Patil et al., 
2012). Physico-chemical parameters refer to the 
physical and chemical characteristics of water. The 
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physical variables include pH, temperature, 
turbidity, color and total dissolved solids while the 
chemical parameters include chemical oxygen 
demand, biological oxygen demand, dissolved 
oxygen, hardness, alkalinity and various nutrients 
(Patil et al., 2012).  

Wetzel (2001) stated that physicochemical 
parameters such as chemical oxygen demand (COD) 
influence the phytoplankton community in aquatic 
ecosystems. Chemical oxygen demand refers to the 
amount of dissolved oxygen that is required for the 
oxidation of organic matter. It is a parameter used to 
determine the presence of  organic pollutants in 
water (Li and Liu, 2019). Ifigenia et al., (2003) 
stated that organic load of water which is expressed 
as COD is an indication of phytoplankton abundance 
especially in eutrophic lakes. According to Hassan 
et al., (2017), water bodies with COD > 40 mg/l are 
considered as polluted waters; however, those with 
COD > 120 mg/l are extremely polluted. 

Iron (Fe) and Chromium (Cr) are important metals 
required  by phytoplankton species in trace amounts 
(Wetzel, 2001). Iron is required for photosynthesis 
and respiration in plants (Briat et al., 2015). It is  
utilized in the reduction of carbon dioxide, nitrates 
and sulphates during the production of organic 
compounds via photosynthesis. Liu  et al., (2018) 
reported in their studies that iron was the main 
limiting factor for the growth of microalgae most 
especially Anabaena flos-aquae and Scenedesmus 
quadricauda.  According to Javed (2003) who 
evaluated the relationship between plankton and 
heavy metals  (Fe, Zn, Mn and Pb), metal uptake and 
bioaccumulation depends on physicochemical 
parameters of water and influences plankton 
biomass. Chromium plays a role in cell density, cell 
size, pigment concentration and photosynthetic 
activities of certain species of plants according to  
Samantaray et al., (1998).   Hussain et al., (2021) 
posited that photosynthetic oxygen evolution in 
Chlorella vulgaris was considerably inhibited by 
chromium. The effects of heavy metals on 
phytoplankton community depends on factors such 
as specific concentration of metals, the 
phytoplankton species, nutrient availability and 
physicochemical variables of the water body. Wang 
and Dei (2001) reported that the ability of algae to 
accumulate metals depends on nutrient availability 
especially nitrates. Rauf et al., (2018) studied the 
relationship between plankton and heavy metals 
(Chromium, Cadmium  Copper, Cobalt) and 
reported a low abundance of certain phytoplankton 
species such as Chlorella spp. and Synedra spp. with 
increasing metal pollution. However, there was an 

higher abundance of  Amphora spp., Chroococcus 
spp.,  Cymbella spp.,  Pediastrum spp. and Spirulina 
spp. in heavy metal polluted sites. 

Anthropogenic activities such as discharge of  
domestic wastes and industrial effluents have been 
identified as the major causes of pollution in aquatic 
ecosystems (Chua  et al., 2000). Heavy metals are 
constantly released into various water bodies as a 
result of increasing industrialization in many parts 
of the world. The accumulation of heavy metals has 
a traceable impact on phytoplankton composition  
and thus affects the subsequent trophic levels in the 
food chain as stated by Robin et al., (2012). Metallic 
pollution of water bodies have a relationship with 
the abundance of phytoplankton which plays a role 
in aquaculture and human health since the 
accumulation of metals moves up the food chain 
(Javed, 2006). Roy et al., (2010) stated that 
phytoplankton species have an increased tendency 
to concentrate heavy metals and thus can be utilized 
as indicators of metal pollution. 

There is a gap in knowledge as regards the influence 
of specific physicochemical parameters on 
phytoplankton composition. Physicochemical 
characteristics such as chemical oxygen demand 
(COD) and metal concentrations are key parameters 
controlling the distribution of phytoplankton, 
unfortunately how these function in tropical 
aquaculture communities have been poorly reported. 
The present study aimed to evaluate the relationship 
between chemical oxygen demand, metal 
concentrations and phytoplankton composition of 
selected fish ponds in Osogbo, Osun State, Nigeria.  

2.   Materials and methods 

2.1.  Study area 

Osogbo is the capital city of Osun state. Osun state 
is in the Southwestern geopolitical zone of Nigeria. 
It is about 88 kilometres by road, northeast of 
Ibadan. Osogbo shares boundary with Ede, Ikirun, 
Ilesha and Iragbiji and is accessible from any part of 
Osun state because of its central nature. Osogbo is 
located at latitude 7o46oN and longitude 4o34oE. In 
Osogbo, temperature varies from 65 oF to 93 oF and 
is rarely below 60 o F or above 98 oF. The rainy 
season of the study area begins from March to 
October while the dry season commences from 
November to February. Five ponds (A, B, C, D, and 
E) with coordinates 7.77458, 4.59433; 7.774352, 
4.594356; 7.774186, 4.594445; 7.774293, 4594905 
and 7.77480, 4.595354 respectively were selected 
for the study (Fig. 1). 
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Figure 1 Map of the sampled ponds (represented as A, B, C, D, E) located in Osogbo, Osun State, Nigeria 

  

The ponds are about 5 feet deep and are fed by 
underground springs as well as flowing streams. 
Plants nearby the ponds include Nymphaea odorata, 
Pistia stratiotes and Cyperus rotundus. The ponds 
receive waste loads from surrounding farmlands. 
Human activities around the ponds include livestock 
farming and arable farming. In addition, surface run-
off and slums wash also entered the ponds from 
neighboring households. 

2.2.  Collection of Water Samples 

All the sample bottles (500ml) were thoroughly 
washed, dried and rinsed with the same water to be 
collected in the pond. Sampling was done at monthly 
intervals from February 2021 to July 2021. Water 
samples were collected monthly using two different 
sample bottles from each pond; one for the analysis 
of physicochemical parameters and another for 
qualitative and quantitative analysis of 
phytoplankton. The sample bottles were labeled 
with date and collection sites. Temperature and pH 
were measured at the sites of collection. 
Temperature was recorded using a mercury 
thermometer and pH was recorded using an 
electronic pH meter (Jenway 3020, Germany). 
Water samples for other physicochemical 
parameters (Conductivity, Dissolved Oxygen, 

Biochemical Oxygen Demand, Chemical Oxygen 
Demand, Alkalinity, Phosphate, Nitrate, Chloride, 
Magnesium hardness, Calcium hardness, Iron, 
Silica, Chromium, Potassium, Copper, Zinc, 
Aluminum, Manganese, Carbonate and 
Bicarbonate) were held in iceboxes and immediately 
transported to the laboratory for analysis following 
common protocols. Nitrate-nitrogen and phosphate-
phosphorus were measured using a HACH Kit 
(DR/2010, a direct reading spectrophotometer) with 
high range chemicals (Nitraver 5 Nitrate Reagent 
Powder Pillows for No3- N, and Phosver 3 
Phosphate Reagent Powder Pillows for Po4-P 
analysis). Total alkalinity, magnesium hardness and 
calcium hardness were measured with Hach’s 
Model FF-2 Aquaculture test kit. Dissolved oxygen 
and BOD were measured by Winkler’s method 
(Welch, 1952). The electrical conductivity was 
determined using a conductivity meter (Lovibond 
US meter, type CM-21). COD was measured using 
open condensation and digestion by titration 
(Dinesh et al., 2017). The level of potassium was 
measured using a colorimetric method (Mustapha, 
2017). The concentration of manganese, chromium, 
zinc, copper, iron and aluminium were measured 
using a Flame Atomic absorption spectrophotometer 
(FAAS.210VGP). Chloride was determined using a 
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titration method as described in APHA (2005). A 
known volume of water sample was titrated with 
standardized silver nitrate solution using potassium 
chromate solution in water or eosin/fluorescence in 
alcohol as an indicator. Carbonate was measured by 
titration with standardized hydrochloric acid using 
phenolphthalein as an indicator. Bicarbonate was 
determined by titration with standardized 
hydrochloric acid using methyl orange as an 
indicator. A spectrophotometric method was used in 
the determination of the silica concentration of the 
pond waters. 

2.3.  Phytoplankton analysis 
Phytoplankton of all the ponds were collected by the 
filtration of ten liters of water through a plankton 
net. Filtered water samples from the fish ponds were 
transferred to well-labeled 500ml clean sample 
bottles and fixed in 4% formalin for qualitative and 
quantitative examination. The drop count method 
was employed in phytoplankton microscopy. The 
relative abundance method was applied for 
individual numbers of phytoplankton and expressed 
as % organism. For species identification, samples 
were gently shaken to resuspend all materials and 
allowed to settle down for one minute. Then 2 – 3 
drops were removed from the middle of the sample 
and placed on a glass slide. Identifications of the 
phytoplankton samples were done microscopically 
by Digital Compound Optical Microscope with HD 
camera and identified with standard taxonomic  keys 
(Desikachary, 1959). 
 
2.4.  Data analysis 
Linear regression models were used to evaluate the 
association between pond type and sampling time 
with the community diversity indices used in this 
study. The segregation of phytoplankton into 
environmental gradients was explored using 
canonical correspondence analysis. Also, analysis of 
variance (ANOVA) was performed on the models to 
assess their prediction of phytoplankton community 
diversity. Species richness was defined as the total 
number of phytoplankton species sampled; the 
Shannon-Weiner index was employed to measure  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

the species diversity weighted by relative abundance 
(Magurran, 2004) and rarefied species richness was 
used to account for differences in abundance of 
phytoplankton between the ponds (Heck et al., 
1975).  
 
Community structure analysis and ordination 
methods used in the present study were done using 
the ‘vegan’ R package (Oksanen et al., 2015). 
Canonical correspondence analysis was performed 
to establish the relationship between physical and 
chemical variables and the phytoplankton of the 
investigated ponds. The abiotic variables that made 
independent and significant contributions to the 
variations of phytoplankton composition dynamics 
and abundance of the ponds were identified using 
permutation tests and then selected by a variance 
inflation factor (VIF). Only variables with a VIF of 
less than 20 were used in performing CCA.  
 
Physicochemical characteristics data were evaluated 
for normality and homogeneity of variance with 
Shapiro Wilk and Levene’s tests respectively. 
Differences in the mean of water quality parameters 
were determined using a two-way analysis of 
variance. Separation of significantly different means 
was done using the LSD.test function of the 
‘agricolae’ R package. All statistical analyses were 
done using R version 4.1.0 GUI 1.76 High Sierra 
build for macOS at a 5% significance level. 
 
3.   Results 
3.1.  Physicochemical parameters 
The mean values of the physicochemical parameters 
of fish ponds A to E are presented in fig. 2-4. There 
was a statistically significant difference at p<0.05 in 
the concentrations of Iron for the five ponds in this 
study. However, there was no statistically 
significant difference at p<0.05 in the levels of pH, 
temperature, DO, BOD, COD, phosphate, Nitrate 
0.525, chloride, magnesium hardness, magnesium 
hardness, alkalinity, conductivity, silica, chromium, 
potassium, copper, zinc, aluminium, manganese, 
carbonate and bicarbonate. 
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Figure 2 Variation of (a) pH (b) dissolved oxygen (DO) (c) temperature (d) nitrate (NO3-N) (e) phosphate (PO4-
P)  (f) biochemical oxygen demand (BOD)  (g) potassium  (h) zinc of the investigated ponds 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

Figure 3 Variation of (a) chemical oxygen demand (COD)  (b) Iron (Fe)  (c) Copper (Cu)   (d) Chloride (Cl) (e) 
Magnesium hardness (Mag-H) (f) Calcium hardness (Cal-H) (g) Electrical conductivity (EC)  (h) Silica (Si) of 
the examined ponds 
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Figure 4 Variation of (a) Chromium (Cr) (b) Aluminium (Al) (c) Manganese (Mn) (d) Carbonate  (e) Bicarbonate  
(f) Alkalinity of the studied ponds 

Water temperature fluctuated within the 6 months 
(27.42±1.26 to 27.80±1.34 0C) in all five ponds. 
Pond C had the lowest temperature of 25 °C in 
April, while Pond D recorded the maximum 
temperature of 29.8 °C in March. The pH mean 
ranged from 6.68±0.27 to 7.07±0.27 in the five 
ponds. Pond B had the lowest pH of 6.2 in February, 
while Pond A and B recorded the maximum pH of 
7.4 in April and May respectively. Pond B had the 
lowest DO value of 0.8 mg/l while Pond E recorded 
the highest DO value of 4.8 mg/l in February. The 
biochemical oxygen demand (BOD) mean for the 
five ponds varied between 1.13±0.52 to 1.50±0.46 
mg/l. Pond D had the highest BOD of 2.2 mg/l in 
July and Pond C recorded the lowest (0.1 mg/l) in 
March. COD ranged from 253.20±240.04 mg/l to 
419.67±327.84 mg/l in all five ponds. Pond C had 
the lowest COD of 9.0 mg/l in March, while Pond 
A recorded the maximum COD of 920 mg/l in May. 
Phosphate concentrations ranged from 5.55±12.39 
mg/l to 10.08±24.56 mg/l in all five ponds. Pond A 
and D had the lowest Phosphate of 0.01 mg/l in July, 
while Pond E recorded the maximum Phosphate of 
62.2 mg/l in February. Nitrate (0.525) mean 
fluctuated from 0.16±0.23 mg/l to 0.36±0.39 mg/l 
in all five ponds. Pond B had the lowest Nitrate 
0.525 of 0.01 mg/l in July, while Pond B recorded 
the maximum Nitrate of 0.525 ± 0.96 mg/l in May. 
The chloride content varied from 17.65±13.80 mg/l 
to 43.12±61.27 mg/l in all five ponds. Pond D had 
the lowest Chloride of 4.5 mg/l in April, while Pond 
E recorded the maximum Chloride of 168 mg/l in 
March.  

Magnesium Hardness concentrations fluctuated 
from 39.57±29.58 to 73.77±47.42 mg/l in all five 
ponds. Pond B had the lowest Magnesium hardness 
of 10 mg/l in April, while Pond C recorded the 
maximum Magnesium hardness of 142 mg/l in 
February. Calcium hardness ranged from 
59.40±58.59 to 81.80±75.71 mg/l in all five ponds. 
Pond B had the lowest Calcium hardness of 10 mg/l 
in April, while Pond B recorded the maximum 
Calcium hardness of 204 mg/l in February. 
Alkalinity ranged from 82.83±25.95 to 
194.43±182.33 mg/l in all five ponds. Pond B and 
D had the lowest Alkalinity of 54 mg/l in April, 
while Pond A recorded the maximum Alkalinity of 
560 mg/l in March. The conductivity of the ponds 
ranged from 499.1±243.9 to 704.4±176.5 µscm-1. 
Pond D had the lowest conductivity of 2.34 µscm-1 
in February, while Pond A recorded the maximum 
Conductivity of 912.1 µscm-1 in March. Iron 
content ranged from 0.34±0.24 to 0.86±0.39 mg/l in 
all five ponds. Pond C had the lowest Iron of 0.05 
mg/l in February, while Pond D recorded the 
maximum Iron of 1.44 mg/l in April. Silica mean 
ranged from 0.50±0.44 to 4.2±7.1 mg/l in all five 
ponds. Pond D had the lowest Silica of 0.05 mg/l in 
June, while Pond B recorded the maximum Silica of 
18.5 mg/l in April. 

Chromium concentrations ranged from 0.16±0.19 
to 0.52±0.38 mg/l in all five ponds. Pond C had the 
lowest Chromium of 0.01 mg/l in March, while 
Pond C recorded the maximum Chromium of 1 mg/l 
in June. The potassium content ranged from 
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1.8±0.84 to 3.0±4.2 mg/l in all five ponds. Pond E 
had the lowest Potassium of 0.6 mg/l in July, while 
Pond E recorded the maximum Potassium of 11.5 
mg/l in February. Copper means ranged from 
1.1±0.46 to 2.7±2.3 mg/l in all five ponds. Pond A 
had the lowest Copper of 0.8 mg/l in March, while 
Pond A recorded the maximum Copper of 5.7 mg/l 
in April. Zinc ranged from 0.30±0.25 to 0.98±0.63 
mg/l in all five ponds. Ponds A and D had the lowest 
Zinc of 0.01 mg/l in June and March respectively, 
while Pond A recorded the maximum Zinc of 1.95 
mg/l in February. Values of Zinc in the five ponds 
were lower which indicates the same trend as the 
observation made regarding copper. Aluminium 
concentrations ranged from 0.11±0.095 to 
0.33±0.17 mg/l in all five ponds. Ponds C, D, and E 
had the lowest Aluminum of 0.01 mg/l in June, 
May, and March respectively, while Pond D 
recorded the maximum Aluminum of 0.72 mg/l in 
March. Manganese mean ranged from 0.064±0.13 
mg/l to 0.23±0.26 mg/l in all five ponds. Pond C had 
the lowest Manganese of 0.001 mg/l in March, 
while Pond D recorded the maximum Manganese of 
0.62 mg/l in April.  

Carbonate fluctuated from 82±25 mg/l to 125±68 
mg/l in all five ponds. Pond B had the lowest 
Carbonate of 20 mg/l in April, while Pond A 
recorded the maximum Carbonate of 232 mg/l in 
March. Bicarbonate mean ranged from 157±71 mg/l 
to 239±135 mg/l in all five ponds. Pond C had the 
lowest Bicarbonate of 73.5 mg/l in February, while 
Pond A recorded the maximum Bicarbonate of 
390.4 mg/l in March.  

In the present study higher nutrient concentrations 
were recorded during the rainy season. Generally, 
the concentration of the nutrients in the examined 
pond varied from month to month during the study 

 

 

 

 

 

 period. Similarly, maximum values of pH, 
biochemical oxygen demand, chemical oxygen 
demand and nitrate were recorded during the rainy 
season. The maximum peaks of temperature, 
alkalinity, magnesium hardness, calcium hardness, 
conductivity, dissolved oxygen, phosphate, 
chloride, carbonate and bicarbonate were recorded 
during the dry season. As for heavy metal contents 
in the pond, the maximum values of iron, silica, 
chromium, copper and manganese were recorded 
during the rainy season while potassium, zinc, and 
aluminium had their highest values in the dry 
season.   

3.2.  Phytoplankton Composition and Abundance  

Four divisions comprising Chlorophyta (74%), 
Bacillariophyta (11%), Cyanophyta (9%) and 
Euglenophyta (6%) were recorded, implying that the 
phytoplankton populations of the five ponds were 
dominated by the green algae  Chlorophyta was 
represented by Scenedesmus dimorphus, S. 
quadricauda, Pediastrum spp, Chlorella spp, 
Oedogonium sp, Coelastrum sp, Closterium spp, 
Spirogyra sp, Cosmarium spp, and Ulothrix sp. 
Bacillariophyta was represented by Amphora ovalis, 
Cocconeis placentula, Cyclotella meneghiniana, 
Cymbella spp, Diploneis ovalis, Gomphonema 
parvulum, Hentzschia amphioxi, Navicula spp, 
Pinnularia spp and Synedra spp. Cyanophyta was 
represented by Oscillatoria spp, Chlorococcus 
turgidus, Microcystis aeruginosa and Spirulina spp. 
Euglenophyta was represented by Euglena acus and 
Phacus spp. (Fig. 5). Fig. 5 indicated that Pond B 
contained the most phytoplankton with 490 
organisms/ml, followed by Pond D with 460 
organisms/ml, Pond A with 434 organisms/ml, Pond 
E with 428 organisms/ml and Pond C with 233 
organisms /ml.  
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Figure 5  Cell density of phytoplankton in the five ponds 
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3.3.  Community Structure and Dynamics 

The diversity and abundance of phytoplankton in the 
fish ponds show spatial variations.  The percentage 
abundance of the phytoplankton groups  were in the 
order : Chlorophyceae (74%) >  Bacillariophyceae 
(11%)  >  Cyanophyceae  (9%)  >   Euglenophyceae 
(6%).  

The Shannon value was found to be highest in Pond 
B (2.53) followed by Pond E (2.18), Pond A (2.16), 
Pond C (2.07) and Pond D (1.76) had the least (Fig. 
6). The Dominance index in the present study 
indicates that Pond B had the highest dominance 
(9.92) of phytoplankton species followed by Pond C 
(7.23), Pond E (6.94), Pond A (6.56) and Pond D 
(5.24) had the least.

 

 

Figure 6  H’ (Shannon Weiner Index), D (Simpson Index) and Rarefaction richness 
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3.4.  Association between physicochemical 
parameters and phytoplankton community 
structure and dynamics 

Fig. 7 shows the relationship between species 
abundance and environmental variables following 
canonical correspondence analysis (CCA). The first 
two components of the CCA accounted for 71% of 
the total variation. Analysis of variances performed 
on the CCA model revealed that the most significant 
environmental determinants controlling the 
occurrence and abundance of phytoplankton in the 
investigated ponds were COD (p = 0.009), Fe (p = 
0.023), and Cr (p = 0.024). Specifically, the levels 
of Fe were positively associated with the presence 
of  Euglena acus, Pinnularia borealis, Chlorella 
vulgaris and Navicula cryptocephala. Contrarily, 
Oscillatoria sp, Cladophora sp, Closterium sp and 

Ulothrix sp were negatively related to the increasing 
levels of Fe in the fish ponds. Also, the increasing 
presence of species such as Closterium spp., 
Pediastrium, and Oscillatoria limosa correlated 
with high levels of COD in the ponds. A significant 
negative relationship occurred between Cymbella 
affinis, Cosmarium sp., Amphora ovalis and 
Cyclotella meneghiniana and rising levels of COD 
in the pond. It is important to note changing levels 
of bicarbonate and zinc had a similar impact like 
COD on phytoplankton occurrence. The 
concentration of Cr in the ponds had a positive 
relationship with the population dynamics of 
Scenedesmus sp., Closterium sp., Chlorella sp., 
Microcystis aeruginosa and Ulothrix sp. 
Additionally, C. vulgaris, P. borealis and N. 
cryptocephala were adversely sensitive to high 
levels of Cr in the ponds.

 

 

Figure 7 Canonical Correspondence Analysis (CCA) ordination, the group environmental bi-plot 

4.   Discussion 

4.1.  Key drivers of phytoplankton composition of 
Osogbo ponds 

The results of the present study revealed positive 
relationship between certain phytoplankton species 
and physicochemical parameters such as COD, Iron 
and Chromium. Our findings suggest that COD 
controls phytoplankton growth in the studied ponds. 
Lv  et al., (2011) carried out a study on 
phytoplankton composition of subtropical lakes in 
China and documented phytoplankton groups 

(Cyanophyta, Bacillariophyta, Chlorophyta and 
Euglenophyta) similar to the results of this study. 
The study reported a positive correlation between 
the predominant species (Microcystis aeruginosa,  
Euglena caudate, Chlorella vulgaris, Chroococcus 
minor and Phacus longicauda) and  increased COD 
levels. Hassan et al., (2017) opined that a higher 
value of COD indicated pollution due to oxidized 
organic matter and may have been due to the 
discharge of domestic wastewater from nearby 
settlements. According to Sheila (2007) as cited by 
Danba et al., (2015), phytoplankton is favoured by 
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enrichment due to the presence of organic load in 
water.  

According to Rani and Sivakumar (2012),  the 
deficiency or sufficiency of heavy metals depends 
on the requirement of a given phytoplankton 
species. The concentrations of heavy metals in the 
investigated ponds may be due to human activities 
around the ponds. Stanley et al., (2003) and 
Meesukko et al., (2007)  opined that high nutrient 
concentrations in rainy season could be due to the 
surface water inflow that brought nutrients from the 
surrounding agricultural areas and leachates of 
municipal wastes from waste disposal areas. 
Aladesanmi et al., (2014) stated that the presence of 
heavy metals in water is a result of atmospheric 
deposition, industrialization and other human 
activities around water bodies. In the present study, 
Canonical correlation analysis established that iron 
(Fe) and chromium (Cr) affected the growth of 
phytoplankton. The species identified to show a 
positive correlation with Fe and Chromium in this 
study can serve as useful instruments for monitoring 
water quality (Lacerda et al., 2004). Phytoplankton 
can provide information on the toxic effect of a 
pollutant on their metabolic processes and in 
monitoring the response of the aquatic ecosystem to 
heavy metal contamination. Rachlin and Grosso 
(1993) submitted that heavy metals can react with 
biological active group of biomolecules and thus 
disrupt cell processing.  

Rauf et al., (2018) studied the accumulation of 
heavy metals (Chromium,  Copper, Cobalt, 
Cadmium) and plankton biomass of  river Ravi in 
Pakistan. Bacillariophyceae and Chloropyceae 
made up the dominant groups in the river. 
Phytoplankton species such as Chlorella,  Synedra,  
Scenedesmus were sensitive to heavy metal 
pollution  and therefore had a lower abundance . 
Oedogonium,  Frustulia,  Pinnularia,  Ulothrix  and 
Closterium had relatively low density or almost 
absent at heavy metal concentrations.  Amphora, 
Chrococcus,  Cymbella, Pediastrum,  Spirulina,  
Staurastrum , Cyclotella and Navicula  had good 
tolerance against heavy metal pollution and were 
more abundant. Javed (2006) reported that 
Cladophora,  Scenedesmus, Oscillatoria  and  
Pandorina showed low tolerance against metal 
pollution.  Javed (2003) studied the relationships 
among plankton and accumulation of metals (Iron, 
Zinc, Manganese, Lead) and reported that 
bioaccumulation depended on physicochemical 
parameters of water.  

4.2.  The impact of other physicochemical 
conditions on water quality and phyplankton 
abundance 

The temperature range in this study was within the 
recommended temperature range for optimum 

performance of aquatic organisms.  Begum et al., 
(2003) posited that an optimal temperature range of 
18.3 to 37.8 oC is suitable for the production of 
phytoplankton in tropical ponds.  According to 
Afzal et al., (2007),  a temperature range between 25 
°C and 32 °C is recommended for the good 
performance of aquatic biota. The result agreed with 
a previous report that the temperature in the tropics 
ranged between 21 oC and 32 oC (Atobatele and 
Ugwumba, 2008). This implies that the temperature 
range in the present study is suitable for aquatic 
organisms. The pH range in the examined ponds fell 
within the recommended pH range of 6.5-8.5 
(WHO, 2009). Keremah et al., (2014) opined that 
pH plays a significant role in the biological process 
of all aquatic organisms. The DO values recorded in 
this study were low. According to Rao (2005), DO 
concentration below 5 mg/l adversely affects aquatic 
life. Weber (2002) stated that BOD is a fair measure 
of the purity of any body of water on the basis that 
values of less than 2mg/1 are clean, 3-5mg/l fairly 
clean and 10mg/1 is seriously polluted. The results 
of this study showed that BOD values were within 
the WHO guidelines.   

Amutha and Srisudha (2008) stated that 
phosphorous and nitrogen are the major elements 
for pond productivity. Ude et al., (2011) submitted 
that high values of phosphate and nitrate support 
phytoplankton growth and hence good biomass. 
Phosphate concentrations in the present study were 
higher during the rainy season while nitrate levels 
were significantly lower. According to Kolo et al., 
(2010), phosphate and nitrate levels determine the 
level of eutrophication in water bodies. 

The result of this chloride concentration in this 
present study disagreed with the findings of Trivery 
and Khatavker (1986) who reported chloride 
concentration of 7.1 ± 28.4 mg/1. Kaul et al., (1978) 
posited that the water bodies rich in calcium and 
magnesium ions support massive growth of algae. 
Fazio and O’Farelle (2005) reported that 
biodiversity diminished with increasing 
conductivity in Loss Coipos Lake. The acceptable 
limit for conductivity in aquaculture is between 20 

 (DWAF, 1996). Temperature, 
dissolved oxygen, nutrient enrichment and other 
water characteristics may be related to variable 
changes in the phytoplankton distribution in the 
ponds. The variation observed in physicochemical 
characteristics in the examined ponds tallied with 
the observations of Chia et al., (2009a, b).  

Ansari et al., (2015), Mahor and Singh (2010), Rout 
and Birah (2009) and Devi and Singara (2007) have 
reported phytoplankton groups in their studies. The 
dominance of Chlorophyta in the present 
investigation is typical of most African waters as 
posited by Kadiri (1996).  Hossain et al., (2007) in 
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their investigation on earthen fish ponds discovered 
that Chlorophyceae (34.48%) formed the dominant 
group. A high number of green algae 
(Chlorophytes) could be due to an increase in the 
nutrient content of water bodies leading to their 
abundance as observed by Kilham and Hecky 
(1988). Other phytoplankton groups were poorly 
represented. Edward and Ugwumba (2010) posited 
that the distribution of phytoplankton is mainly 
determined by various environmental factors such 
as temperature, pH, dissolved oxygen and nutrients 
like nitrate, phosphate, silicate and calcium. In the 
ponds, Chlorophyta (represented by Scenedesmus 
dimorphus and S. quadricauda) were the dominant 
algae and they had their best growth in the rainy 
season. According to Boumann et al., (2005), 
temperature and light are the most effective factors 
in the seasonal development of algae. The 
observation made regarding the relationship 
between water temperature of the ponds and 
phytoplankton growth in the present study 
collaborated with Boumann's observation since 
increasing water temperature supported the growth 
of algae. Bacillariophyta was another important 
group in the ponds. The diatoms were rich in species 
composition during the rainy season. Pinnularia 
gibba was the most dominant species. 

Euglena acus was the most important species among 
the euglenoids. Palmer (1980) pointed out that the 
existence of Euglenoids in waters is an indication of 
the richness of water with organic compounds. The 
observation was in line with the present study since 
Euglena acus showed better growth in the rainy 
season when the concentration of organic matter was 
in higher concentrations. Spirulina platensis was the 
richest blue-green algal species in terms of 
composition.  

The diversity indices in phytoplankton studies is 
useful in the evaluation of pollutants in water bodies. 
Ganai and Parveen (2013) stated that the Shannon 
Weiner diversity index is greater than 4 for clean 
water, between 3 and 4 for mildly polluted water and 
less than 2 for heavily polluted water. The Shannon 
Weiner diversity index for the ponds in this study 
ranged between 1 and 3 which indicates they  are 
moderately polluted. The study recorded the 
presence of Oscillatoria  spp., Microcystis  spp.,   
Navicula spp. and Synedra spp. which are indicators 
of pollution in  aquatic ecosystems. The organic 
pollution may be a result of human activities and 
discharge of industrial effluents around the sites of 
study. Tas and Gonulol (2007) reported that high 
density of Cyanophyceae is an indication of high 
pollution load. 

Simpson index (1949) describes the diversity of 
habitat with reference to the number of species 
present as well as the abundance of species. The 

greater the Simpson index, the greater the diversity. 
In this study, the greatest diversity was obtained in 
pond B. The outcome of the examined ponds 
indicated that phytoplankton composition and their 
abundance varied during the study period.   

5.   Conclusion 

The concentrations of heavy metals reported in this 
study are indicators of the anthropogenic activities 
around the ponds.The present findings revealed that 
COD, Fe and Cr had greater impacts on 
phytoplankton composition and abundance in the 
selected fish ponds as compared to other 
physicochemical parameters. The ponds had a 
diversified group of phytoplankton dominated by 
the division Chlorophyta followed by 
Bacillariophyta, Cyanophyta and Euglenophyta. 
There is need for environmental agencies to have an 
action plan that regulates the community activities 
as they adversely affect the aquatic biota and 
humans. More studies can be carried out to 
selectively evaluate the impact of individual 
parameters on phytoplankton using a mesocosm 
approach. 
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