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ABSTRACT: This study determined the taxonomic 

composition of the phytoplankton flora of Esa-Odo 

Reservoir in Osun State, Southwestern Nigeria; it examined 

the spatial and seasonal variations in the phytoplankton 

population and production capacity of the reservoir. These 

were with a view to providing baseline information on the 

reservoir, its trophic status and the eutrophication process. 

Three sampling stations (Stations 1, 2 and 3) were 

established at the inflow of the reservoir, the mid basin 

portion, and the outflow very close to the dam site along the 

horizontal axis of the reservoir. Field survey of the three 

sampling stations was conducted four times over the period 

of study from February to October, 2017, covering both dry 

and rainy seasons. Water samples were collected and 

preserved for net and total phytoplankton analysis in the 

laboratory using a light compound microscope. The 

recorded phytoplankton species were measured, 

photographed and enumerated. Data collected were 

subjected to appropriate descriptive inferential (ANOVA) 

and multivariate statistics. The results showed that a total 

of one hundred and forty three (143) species of 

phytoplankton recorded belonged to sixty four (64) genera, 

forty (40) families, twenty-eight (28) Orders, ten (10) 

classes and seven (7) Divisions of Algae. Cyanobacteria 

were the phytoplankton group found in the highest 

percentage (48%) of occurrence in total phytoplankton 

population, while Ochrophyta had the lowest 

percentage (1%) occurrence. Bacillariophyta had the 

highest abundance of species and were the dominant 

genera across the upper, middle and lower basins of the 

reservoir. The study concluded that Esa-Odo reservoir 

contained a high diversity of phytoplankton including some 

species which served as indicators of water quality and 

trophic status, indicating the water body as oligotrophic 

with low nutrient content.  
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INTRODUCTION 
 
Esa-Odo Reservoir is located in Osun State, south-
western, Nigeria; it supplies water to the whole of Obokun 
Local Government Area and environs; and its fisheries 
resources serve as tourism potentials with secondary 
benefits. However, Lakes, rivers and reservoirs play vital 
roles in freshwater ecosystems for the sustenance of all 
life on earth (Salahuddin et al., 2014; Adedeji and 
Adesakin, 2020); hence, the maintenance of healthy 
aquatic ecosystem is dependent upon the biological 
diversity and photosynthetic parameters of the water 
body (Vanitha and Joseph-Thatheyus, 2017; Adedeji and  

 
Adesakin, 2020).  In aquatic habitats, phytoplankton`s are 
free-floating microscopic plants that produce chemical 
energy from light in a process termed primary production. 
They account for half of all the photosynthetic processes 
on earth; and their role in primary production, nutrient 
cycling and food webs make up a significant proportion of 
the primary production in the aquatic ecosystems 
(Dawes, 1998; Thurman, 2007). Furthermore, 
photosynthetic diversification reflects the production 
capacity (respiration and primary photosynthetic 
productivity) of phytoplankton species and their 
adaptation for specific environmental challenges. They 
are important primary producers, the basis of food chain  
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in open waters and biological indicators of water quality in 
a reservoir (Ariyadej, et al., 2004; Bahura, 2001) They 
are used to measure the biological health and diversity of 
lakes and their abundance together with the 
zooplanktons indicate the productivity level of the water 
body (Ramachandra and Mujumdar, 2006).  

Adebayo and Ayoade, (2019) studied the ecological 
assessment of Itapaji reservoir using phytoplankton 
assemblage. This study concluded that among the six 
classes of phytoplankton encountered, bacillariophyceae 
was the most abundant (40.4%). The order of dominance 
in phytoplankton was bacillariophyceae > cyanophyceae 
> euglenophyceae > chlorophyceae > zygnemataceae 
and dinophyceae. The recorded mean species diversities 
were 1.7 ± 0.3 and 1.1 ± 0.2 respectively, which 
concluded that the reservoir was under pollution stress. 
In the same vein, Adedeji and Adesakin (2020) studied 
the assessment of the ecological status of Opa reservoir, 
a hundred and thirty-six (136) plankton species (82 
phytoplankton and 54 zooplankton) belonging to 22 
classes was encountered with the highest number of 
species (92) recorded from lacustrine and transition 
station while the least (81) was observed at the riverine 
station. Of note is the dominance of Bacillariophyta, 
which contributed 80.9% to the total planktonic 
abundance. Also, Moshood, (2009) studied the 
Zooplankton assemblage of Oyun reservoir and 
concluded that there was low diversity, with only three 
groups of zooplankton (Rotifera with eight genera; and 
Cladocera and Copepoda with three genera each) found. 
Rotifera dominated numerically (71.02%), followed by 
Cladocera (16.45%) and Copepoda (12.53%).  

The quest to provide baseline knowledge on the 
phytoplankton community of the reservoir especially the 
flora biodiversity, population dynamics and its primary 
productivity has motivated this study; hence, the primary 
objective of determining the phytoplankton primary 
production (PPr), phytoplankton flora biodiversity, 
community structure, production capacity and 
photosynthetic parameters of Esa-Odo reservoir, Osun 
State, South West Nigeria. 
 
 
METHODOLOGY 
 
Study area 
 
Esa-Odo reservoir is located in Obokun Local 
Government Area of Osun State. Esa-Odo lies within 
Latitude 7º45

'
0"N, 4º49

'
0" E and 7º47' 18"N, 4º50' 12"E 

on an elevation of ±458 m above sea level. The reservoir 
was impounded in 1971 from the River Osun by the old 
Oyo State (now Oyo and Osun States) and completed in 
1977. The reservoir was impounded for the purpose of 
water storage to supply potable water to the riparian 
communities as well as the industries around. It is an 
earth fill and concrete dam, with a crest  length  of  677 m  
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and an initial height of 11.3 m, a catchment area of 120 
km

2
. It had a surface area of 50.2 hectares initially, with 

current surface area at 27.5 hectares. The reservoir 
which had a capacity of 8.2 million cubic meters at 
impoundment (more than 5 times the original size of 
Obafemi Awolowo University’s Opa reservoir) now 
appears like a big pond. The reservoir has over time 
undergone rapid siltation due to land use within its 
catchment basin and that of the R. Oni, which is one of 
the tributaries of river of River Osun (Figure 1). 
 
 
Sampling sites 
 
Three sampling stations (Stations 1, 2 and 3) were 
established along the horizontal axis of the Esa-Odo 
reservoir. Station 1 was located at the upstream or inflow 
basin of the reservoir, station 2 was located at the 
midstream portion of the reservoir, while station 3 was 
located at the dam site portion of the basin. The grid co-
ordinates of each station were recorded using a Global 
Positioning System (GPS) handset while rubber floaters 
were used to indicate the permanent locations of the 
stations for subsequent recognition (Figure 2).  
 
 
Sampling programme and field determinations 
 
Field survey of the three sampling stations was 
conducted four times over the period of February 2017 to 
October 2017, covering both dry and rainy seasons. The 
stations were all sampled at the littoral regions (L1 and 
L2) and open water (S, M and B) except for Station 1 
which was sampled only at the open water. Water 
samples were collected at surface level for both the 
plankton (net and total) and productivity samples. An 
improvised water sampler (5 L Capacity) was used for 
water sampling at sub-surface (mid depth and bottom) 
depths of the reservoir for the primary productivity. The 
following physical parameters of the reservoir water were 
determined in situ: Depth (using calibrated rope which 
was later measured with a meter rule), transparency 
(using Secchi disc) and both water temperature and 
ambient air temperature (using mercury-in-glass bulb 
thermometer).   
 
 
Primary productivity determinations 
 
The primary productivity was determined using the 
oxygen black and white bottle method. Water samples 
were collected from the reservoir (surface and bottom) at 
each sampling station. The water samples from each 
station were transferred into three 250 cm3 reagent 
bottles/oxygen bottles (two light bottles and one dark 
bottle). One of the light bottles (LBi) was used for the 
determination of initial dissolved oxygen (DO) concentration  
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Figure 1: (a) Map of Nigeria showing Osun State, (b) map of Osun State showing obokun local 
government, (c) map of Esa-Odo reservoir. (Source: Author’s Fieldwork). 

 
 

 
 
Figure 2: Map of study area showing sampling stations. 
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Table 1: Anova Statistics of the Seasonal variation and the mean  
Productivity (KC/day) of  Esa-Odo Reservoir. 
 
Parameter Dry Rain ANOVA 

 Mean± SE Mean± SE F P 

Respiration 17.38 ±2.74 14.78±2.97 0.87 0.356 
Net Productivity 29.04 ±3.11 23.01±3.74 0.845 0.363 
Gross Productivity 48.69 ±5.04 37.76±6.01 0.649 0.425 

 
 
 
 
in the reservoir, the second light bottle (LB) was used to 
collect sample for the oxygen produced during 
photosynthesis over a period of time under illumination 
while the dark bottle (DB) was used to determine the 
oxygen used up in respiration over the same period of 
illumination. 

The first white bottle was used for the determination of 
initial dissolved oxygen concentration in the reservoir 
(IB). The second white bottle (LB) was used to collect 
sample for the oxygen produced during photosynthesis 
over a period of time under illumination while the third 
black bottle (BB) was used to determine the oxygen used 
up over the same period of illumination. The light bottles 
were made water-tight by sealing them with paper tape to 
prevent water entering them when placed in water. The 
bottles were placed in a slanted position submerged in a 
transparent bowl containing enough water to cover the 
bottles. The black bottles for respiration determination 
were wrapped with black nylon and placed in a dark 
cupboard for a period of 6 hours. The two processes 
(photosynthesis and respiration) were carried out 
simultaneously while the initial oxygen concentration was 
fixed at the onset of the experiment. After 6 hours of the 
exposure and incubation, the light bottles (LBs) and dark 
bottles (DBs) were harvested and fixed with Winkler’s 
reagents and titrated for DO as was done for the initial 
light bottles (LBs). Primary productivity and respiration 
were calculated as follows (APHA, 1992): 
 
Net Productivity (Kcal/m

3
/day) = (LB – LBi) mg/L X 2 (12 

hrs ÷ 6) ×3.2 
Respiration (Kcal/m

3
/day) = (LBi – DB) mg/L X 4 (24 hrs ÷ 

6) × 3.2 
Gross Productivity (Kcal/m

3
/day) = Net Productivity + 

Respiration. 
 
Data analysis 
 
Data collected were subjected to appropriate descriptive 
inferential (ANOVA) and multivariate statistics.  
 
 
RESULTS 
 
The productivity parameters determined were respiration, 
net productivity and gross productivity. 

Respiration 
 
The mean ±S.E (17.77 ±3.39Kcal/m3/day) respiration) 
recorded during the period of the study was recorded 
higher at lower basin while the lowest mean value (13.88 
±2.42Kcal/m3/day) was recorded at the middle basin of 
the reservoir, there was no significant difference (p<0.05) 
in respiration. Table 1 shows that dry season had the 
higher mean value (17.38±2.74Kcal/m3/day), than rainy 
season (14.78±2.97Kcal/m3/day). Though there was no 
seasonal significant difference (P> 0.05) recorded. 
. 
Net primary productivity 
 
Net productivity during the sampling period had the 
highest mean ±S.E value (28.55±5.76Kcal/m

3
/day) at the 

upper basin while the lowest mean value (23.33 
±3.70Kcal/m

3
/day) was recorded at the lower basin of the 

reservoir. The result further revealed that there was no 
significant difference (p>0.05) between the upper, middle 
and lower basins. Table 1 showed that mean value of dry 
season (29.04±3.11Kcal/m

3
/day) was higher than the 

recorded mean of rainy season, and there was no 
significant difference (P> 0.05) between dry season 
(29.04±3.11Kcal/m

3
/day) and rainy season 

(23.01±3.7411Kcal/m
3
/day). 

 
Gross primary productivity  
 
The result of the gross productivity observed during the 
sampling period had the highest mean ±S.E value 
of49.85 ±8.91Kcal/m

3
/day at upper basin while the lowest 

mean value (41.51±6.81 Kcal/m
3
/day) was recorded at 

the lower basin of the reservoir. Also, the result of net 
productivity further revealed that there was no significant 
difference (p>0.05) between the upper, middle and lower 
basin (Table 1). Table 1 show that mean value 48.69 
±5.04Kcal/m3/day of dry season was higher than the 
recorded mean of rainy season, but there was no 
significant variation (P>0.05) between dry season and 
rainy season.   
 
DISCUSSION  
 
The observed decrease in respiration during the rainy 
season may be attributed to the light inhibition due to  



Official Publication of Direct Research Journal of Biology and Biotechnology Vol. 6, 2020, ISSN 2734-2158 

Isichei et al.           61 
 
 
 
cloud cover as well as high water current which 
experiences a rise as reported by various authors 
(Madhupratap et al., 2001; Gupta and Gupta, 2006; 
Akinyemi and Nwankwo, 2006; Atobatele and Ugumba, 
2008). The ratio of net to gross primary productivity is 
essential for the evaluation of the amount of gross 
productivity available to the consumers in the food chain 
of aquatic ecosystems (Atobatele and Ugumba, 2008). 
Also, the observed abundance and dominance of 
Bacillariophyta was in correlation with other studies 
(Adebayo and Ayoade, 2019; Adedeji and Adesakin, 
2020).  

The result of the net productivity during the sampling 
period had the highest mean ±S.E value (28.55 
±5.76Kcal/m

3
/day) at upper basin while the lowest mean 

value (23.33±3.70Kcal/m
3
/day) was recorded at the lower 

basin of the reservoir, the result of net productivity further 
revealed that there was no significant difference (p>0.05) 
between the upper, middle and lower basin. The organic 
matter entering the system, through the riverine system 
at the upper basin may cause increase in oxygen through 
increased phytoplankton photosynthetic activities with 
increased demand of dissolved oxygen for the oxidation 
of allochthonous organic matter, this finding was similar 
to the findings of (Mohanty et al., 2014). Primary 
productivity in the reservoir followed the pattern of 
underwater light penetration in a typical reservoir which 
decreases with increase in depth and turbidity. There was 
a decrease in gross primary productivity during the rainy 
season which may be attributed to the light inhibition due 
to increased cloud cover as well as rise in water current 
during the rainy season, moreover the decrease could 
also be attributed to several human activities (such as 
agricultural activities and artisanal fishing), this result 
relates to the work of (Gupta and Gupta, 2006 and 
Atobatele and Ugumba, 2008. In conclusion, the result of 
respiration, net productivity and gross productivity reveals 
that there is no significant difference in the mean values 
across the horizontal axis of the reservoir; however, 
seasonal variation revealed that the lowest mean values 
of respiration, net productivity and gross productivity were 
recorded in the dry season. There was also no significant 
difference in the mean values of these three parameters 
across the three basins (upper, middle and lower basin) 
of the reservoir during the study period. 
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