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Abstract  

Anyim River is an important tributary of Cross River that provides water for 

various purposes to some rural communities in Ebonyi, Benue and Cross 

River states of Nigeria. However, the river is polluted from  anthropogenic 

and naturogenic sources, which is worrisome. This study  assesses the 

responses of the phytoplankton community to changes in water quality as a 

preliminary step toward mitigating pollution of the river. Water and 

plankton samples were collected bimonthly from November, 2017 to 

September, 2019 and then analysed in the laboratory following standard 

procedures. The results showed that mean water temperature 

(29.97±2.34oC), total dissolved solids (28.00±4.21mg/L), conductivity 

(50.00±5.28µS/cm), carbon (iv) oxide (8.63±1.10mg/L) and transparency 

(0.19±0.12m) were higher in the dry season. All the water quality 

parameters varied significantly (p<0.05) between seasons except dissolved 

oxygen, nitrate and transparency. Cyanophyta (487 cells/L) was the most 

abundant phytoplankton during the dry season while Bacillariophyta had the 

highest diversity (Hʹ=1.84) and species richness (d=2.53) in the wet season. 

Principal Component Analysis (PCA) revealed that pH, transparency, 

nitrate and phosphate favoured the abundance and diversity of 

Bacillariophyta and Cyanophyta during dry season. The dominance of 

Cyanophyta in dry season was an indication of poor water quality.  

Introduction  

Tropical rivers are characterized by seasonal fluctuations 

in water levels occasioned by changes in hydrological 

regimes (Nwinyimagu et al 2018; Petts 2018). Plankton 

and other aquatic biota show obvious responses to these 

changes in the physical and chemical variables of 

freshwater ecosystems owing to changes in 

meteorological variables (Dias et al 2014; Nwinyimagu 

et al 2016) and flood regime (Nwonumara and Okogwu 

2013) that occur seasonally. Rivers can support rich 

ecosystem both in species abundance and diversity (Eyo 

et al 2013), with normal nutrient input from riparian 

agricultural farmlands. Nutrients drift from agricultural 

farms through surface runoff into rivers and can 

stimulate production and consequently increase species 

abundance thereby enhancing the maintenance of the 

community structure of an aquatic ecosystem (Glibert 

and Burford 2017).  

In aquatic ecosystems, phytoplankton plays very vital 

role in building and structuring aquatic food chains. It is 

suggested that production in any aquatic ecosystem is 

almost entirely the function of the phytoplankton 

population (Jasim et al 2015; Saravanakumar et al 2008). 

They are usually the first link in the vast aquatic food 

chain to convert inorganic nutrients through 

photosynthesis into new organic compounds and transfer 

same in the form of chemical energy to the successive 

trophic levels (Saravanakumar et al 2008). 

Phytoplankton have been reported to contribute 

approximately half of the total global primary 

production, and strongly influence the water–atmosphere 

gas exchanges despite their minute sizes (Rost et al 

2008). Bhat et al (2015) also reported that phytoplankton 

play vital role in nutrient circulation in aquatic 

ecosystems thereby controlling the ecological processes 

within such ecosystem.  

The abundance and diversity of phytoplankton 

species in any water body indicates the water quality 

(Nwonumara 2018). Rost et al (2008) reported that the 

diversity and abundance of any particular planktonic 

species in any given water body may largely depend on 

certain complex changes that are common to major 

environmental factors, which can affect their growth 

rate, behaviour and the activities of other organisms. 

They can easily be influenced by spatial and temporal 

changes in the aquatic environment (Rost et al 2008). 

Meanwhile, phytoplankton species vary in their 

tolerance to various environmental factors, which 

suggests why their presence in any aquatic environment 

can be used for water quality assessment (Essien-Ibok 

and Ekpo 2015).  

Essien-Ibok and Ekpo (2015) suggested that plankton 

can often be used as bioindicators for monitoring the 

pollution status of an aquatic environment. Glauch and 

Escher (2020) also reported that phytoplankton can be 

used as a tool for assessing the impact of toxic substances 

on aquatic environment. As key primary producers in 

aquatic ecosystem, any change in water quality affects 

http://dx.doi.org/10.4314/tzool.v25i1.3
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the species composition and diversity of phytoplankton 

and other organisms in the food chain/web (Nwonumara 

and Okogwu 2019; Glauch and Escher 2020). 

Agrochemicals, household and industrial wastes have 

been reported as the common sources of pollutants to 

river systems (Chauhan 2014; Egbueri 2023; Ezugwu et 

al 2019). Pollutants could cause changes that are capable 

of disrupting a balanced ecosystem; leading to 

significant alteration in its structure and function (Ama-

Abasi 2017).  

Anyim River is a major tributary of the Cross River 

system that is of immense economic benefits to the 

riparian human communities, so there is need to regulate 

human activities around the ecosystem to reduce 

pollution (King and Brown 2021). This can be achieved 

with good knowledge of the water quality and 

phytoplankton diversity of the river. Several studies have 

been conducted on some important rivers in Southern 

Nigeria (Abowei 2010; Imoobe 2011; Evo et al. 2013; 

Essien-Ibok and Ekpo 2015; Nwinyimagu et al. 2018; 

Nwonumara and Okogwu 2021) but none has been 

reported on the water quality and phytoplankton of 

Anyim River. Hence, this study will bridge the gap and 

further provide information that will enhance the 

understanding of the functionality of Anyim River and 

the health of the riparian ecosystem. It will also be useful 

in proposing the appropriate conservation measure that 

will help to protect the water quality of the ecosystem 

and its biodiversity. 

Materials and methods  

Study area  

The study was carried out within the middle reaches of 

the Anyim River Ebonyi State, Nigeria (Figure 1). The 

study area lies within longitudes 8.10 o E and 8.15 o E and 

latitude 6.35 o N and 6.45oN. The study area experience 

two major seasons namely, the dry (November-April) 

and wet (May-October) seasons. The vegetation is 

derived guinea savanna that resulted from intense 

farming activities as the riparian communities are 

majorly agrarian. The river flows through the lower 

Benue trough and passes through swampy rainforest with 

numerous creeks and empties into Cross River system.  

So, allochthonous input into the river are mainly 

agrochemicals from numerous farmlands and sewage 

from residential houses and hospital located within the 

reaches of the river. Sand mining also takes place in the 

river. These activities might alter the water quality and 

its productivity. 

Sample collection  

Samples for water quality measurement were collected 

bimonthly from three sampling points, upstream (A), 

mid-stream (B) and downstream (C) from November, 

2017 to September, 2019. Some water quality parameters 

namely surface water temperature, conductivity, TDS, 

and pH were measured in-situ using portable Hanna 

digital thermometer (Model HI 98303), conductivity and 

TDS meter (Model HI 98303) and pH meter (Model HI 

77700P), respectively. Transparency was measured by 

lowering a seechi disc into the water until it disappeared 

and the point marked L1. The disc was lifted until it 

reappeared and the point marked L2. The average of L1 

and L2 was taken as the transparency of the water.  
Phytoplankton samples were collected concurrently 

at a depth of 0.15m from the surface water with a plastic 

bucket of 10-liter capacity from the designated locations 

and filtered with plankton net of mesh size 45µm and 

mouth diameter of 0.26m. The filtered plankton samples 

were emptied into a 1-liter plastic container, preserved 

with 3 drops of Lugol’s solution and transported to the 

laboratory for identification. 

 
Figure1. Map showing a section of Anyim River and 

the sampled locations A, B and C. 

Sample analysis 

Analysis of surface water samples for DO, CO2, 

phosphate, nitrate, ammonia and alkalinity were carried 

out in the laboratory using standard methods according 

to Association of Official Analytical Chemists (AOAC 

2003). Plankton samples collected were carefully 

decanted and the concentrated portion preserved in 4% 

formalin. Identification of phytoplankton was done with 

the aid of Olympus binocular microscope using keys and 

guides of Komárek and Anagnostidis (2005) and Sahoo 

and Seckbach (2015). Cell count by drop count method 

was used for phytoplankton enumeration as described in 

Verlencar and Desai (2004). 

Data analysis 

Data collected were summarised using descriptive 

statistics. Temporal variation in mean water quality 

parameters and phytoplankton data were compared using 

One-way Analysis of Variance (ANOVA) and 

pairedwise t-test, respectively, values were considered 

significant at p<0.05. Species diversity, richness and 

evenness were estimated using Shannon-Wiener 

diversity index, Margalet’s index and evenness, 

respectively on Paleontological Statistics software. 
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Principal Component Analysis (PCA) was used to 

identify the factors responsible for the observed 

variations in phytoplankton abundance at the different 

seasons. Statistical analyses were performed using 

Statistical Package for Social Science (SPSS) version 

22.0 and Paleontolgical Statistics (PAST) 1.0.  

Results 

Water quality 

The result of water quality parameters measured in the 

river during the study period showed that mean water 

temperature (29.97±2.34oC), TDS (28.00±4.21mg/L), 

conductivity (50.00±5.28 µS/cm), pH (6.76±1.20) and 

transparency (0.19±1.12m) were higher in the dry 

season. On the other hand, DO (6.02±0.32mg/L), 

phosphate (0.08±0.01mg/L) and nitrate 

(0.08±0.02mg/L) as well as alkalinity (14.57 mg/L) were 

higher in the wet season.  

Seasonal abundance of phytoplankton in the study area 

Three Phyla/Divisions: Bacillariophyta, Chlorophyta 

and Cyanophyta were identified during the study (Table 

2). The three Divisions were more abundant during the 

dry season compared to the wet season. Cyanophyta was 

the most abundant (487 cells/L) among the three 

Phyla/Divisions with Oscillatoria (121 cells/L) as the 

most abundant genus in the dry season while 

Bacillariophyta (311 cells/L) was the least abundant. 

Gyrosigma balticum (11.61%) contributed most to the 

abundance of the Bacillariophyta. However,  

Starorustrum rotula (153 ind/L), a Chlorophyta was the 

most abundant phytoplankton species identified during 

the study. Bacillariophyta abundance significantly 

differed between the dry and wet seasons (p< 0.05). 

Diversity indices of phytoplankton of Anyim River 

during the study period  

Bacillariophyta was the most diverse (Hʹ=1.84) during 

the wet season and Cyanophyta (Hʹ=1.78) in the dry 

season (Table 3). Bacillariophyta was also highest in 

species richness in both seasons with Margalef’s indices 

of 2.53 and 1.74 in wet and dry seasons, respectively. 

However, Cyanophyta had the highest evenness of 0.86 

and 0.85 in the wet and dry seasons, respectively. 

Seasonal variation in species diversity was significant 

(p<0.05) among the Chlorophyta and Cyanophyta while 

evenness varied significantly (p < 0.05) among the three 

phytoplankton Divisions. There was no significant 

differences (p>0.05) in the species richness of the three 

phytoplankton Divisions between seasons. 

Relationship between water quality and phytoplankton 

abundance 

The relationship between water quality and 

phytoplankton abundance is illustrated in Figure 2. The 

analysis showed that PC1 and PC2 accounted for 95.82% 

and 4.18% in variations in water quality and 

phytoplankton abundance in Anyim River. Nitrate and 

phosphate concentrations controlled the abundance of 

Cyanophyta (CyA), some species of Bacillariophyta 

(Diatomella spp, Gyrosigma balticum, Synedra spp) and 

Chlorophyta (Closterium simplex, Chlorella ellipsoides, 

Staurostrum rotula). Water temperature, TDS, 

conductivity and pH controlled Bacillariophyta 

abundance, diversity, species richness, Chlorophyta 

abundance, diversity, species richness, Cyanophyta 

diversity and species richness in the wet season. 

Discussion  

Variability in the water quality of a natural aquatic 

ecosystem could be affected by several factors including 

seasonality, weather conditions and type of soil in the 

water course or watershed as well as the nature of human 

activities in and within the reaches of the water body.  

These factors play significant role in determining 

also the biological community and whether the water will 

be suitable for domestic use or not. In this study, seasonal 

variation in water temperature was significant and this 

could be attributed to the difference in the amount of 

solar radiation that is experienced in the wet and dry 

seasons in the tropics. Imoobe (2011) and Nwinyimagu 

et al (2016) reported seasonal variations in water 

temperature across wet and dry seasons in Okhuo and 

Asu Rivers in Edo and Ebonyi States, respectively, and 

attributed it to changes in metrological regimes. Eyo et 

al (2013) in their study on the ecology and diversity of 

the zooplankton of the Great Kwa River in Cross River 

State reported that the rise and fall in water temperature 

in the dry and wet seasons, respectively, can be linked to 

changes in the meteorological variables common in the 

tropics.  

 

Table 1: Seasonal variations in some water quality parameters during the study period 

Note: WHO: World Health Organisation, NSDWQ: Nigerian Standard for Drinking Water Quality, NS: No standard 

Water Quality 

parameters 

Mean ± standard deviation p - 

values 

Acceptable limit for drinking water 

Wet season Dry season NSDWQ WHO 

Water temperature (oC) 27.75±2.21 29.97±2.34 0.01 Ambient  Ambient 

DO2 (mg/L) 6.02±0.32 3.91±0.54 0.08 5.00 4.00 

CO2 (mg/L) 8.38±0,05 8.63±1.10 0.00 NS NS 

TDS (mg/L) 23.00±0.10 28.00±4.21 0.01 500.00 500.00 

Conductivity (µS/cm) 32.00±2.50 50.00±5.28 0.03 1000.00 500.00 

Water pH 6.56±0.13 6.76±1.20 0.01 6.50-8.50 6.50-8.50 

Phosphate (mg/L) 0.08±0.01 0.06±0.02 0.03 NS 6.50 

Nitrate (mg/L) 0.08±0.02 0.04±0.10 0.07 50.00 NS 

Transparency(m) 0.09±0.02 0.19±0.12 0.10 NS NS 

Alkalinity (mg/L) 14.57±1.14 12.32±1.26 0.02 150.00 100.00 
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Table 2: Abundance (No. of cells/L) of phytoplankton in Anyim River during the study period 

Phytoplankton Wet season Dry season P-values 

BACILLARIOPHYTA  170 (51.05) 311 (27.57)* 0.03 

Aulacoseira granulata 11(3.30) 5(0.44) 0.12 

Bacillaria spp. 1(0.30) 0(0.00) 0.50 

Bacteriastrum hyalinum 1(0.30) 1(0.09) - 

Cocconeis spp. 35(10.51) 13(1.15) 0.10 

Coscinodiscus spp. 5(1.50) 11(0.97) 0.12 

Diatomella spp. 13(3.90) 52(4.61) 0.13 

Fragilaria spp. 2(0.60) 7(0.62) 0.28 

Gyrosigma balticum  7(0.62) 131(11.61)* 0.04 

Hemidiscus spp. 1(0.30) 0(0.00) 0.50 

Hyalodiscus spp. 2(0.60) 0(0.00) 0.50 

Nitzschia spp. 13(3.90) 7(0.62) 0.08 

Skeletonema spp. 3(0.90) 1(0.09) 0.29 

Surirella linearis  1(0.30) 0(0.00) 0.50 

Synedra spp. 11(3.30) 72(6.38) 0.17 

Tabellaria spp. 0(0.00) 11(0.97) 0.50 

CHLOROPHYTA 95 (28.53) 330 (29.26) 0.07 

Ankistrodemus spiralis  2(0.60) 0(0.00) 0.50 

Chlorella ellipsoidea  25(7.51) 91(8.06) 0.10 

Closterium simplex  7(2.10) 18(1.59) 0.12 

Pithophora roetttleri  3(0.90) 0(0.00) 0.50 

Schizomeris leibleinii  4(1.20) 2(0.18) 0.20 

Spirogyra spp. 0(0.00) 52(4.61) 0.50 

Staurastrum rotula   48(14.41) 153(13.55) 0.08 

Staurastrum galeatum  0(0.00) 2(0.18) 0.50 

Stichococcus nivalis 1(0.30) 1(0.09) - 

Tetraspora spp. 5(1.50) 11(0.97) 0.12 

CYANOPHYTA 68 (20.42) 487 (43.17) 0.11 

Anabaena spiroides 3(0.90) 5(0.44) 0.11 

Anacyctis spp. 13(3.90) 71(6.29) 0.15 

Aphanizomenon spp. 11(3.30) 52(4.61) 0.15 

Athrospira spp. 21(6.31) 111(9.84) 0.13 

Gloeotrichia spp. 0(0.00) 73(6.47) 0.50 

Microcystis spp. 5(1.50) 54(4.78) - 

Oscillatoria spp. 15(4.50) 121(10.73) 0.17 
Values in parenthesis = percentages (%); percentages on the same row with asterisk varied significantly (p<0.05)  

Table 3: Seasonal diversity indices of phytoplankton encountered in Anyim River in the wet and dry seasons 

Division/Diversity indices Wet Season Dry Season p-values 

Bacillariophyta    

Number of species 14 11* 0.03 

Number of individuals 170 311* 0.03 

Shannon-Wiener diversity (Hʹ) 1.84 1.65 0.06 

Margalef’s index (d) 2.53 1.74 0.15 

Evenness (Eʹ) 0.45 0.47* 0.01 

Chlorophyta    

Number of species 8 8 - 

Number of individuals 95 330 0.07 

Shannon-Wiener diversity (Hʹ) 1.42 1.35* 0.04 

Margalef’s index (d) 1.54 1.21 0.23 

Evenness (Eʹ) 0.51 0.48* 0.02 

Cyanophyta 
  

 

Number of species 6 7* 0.02 

Number of individuals 68 487 0.11 

Shannon-Wiener diversity (Hʹ) 1.64 1.78* 0.04 

Margalef’s index (d) 1.19 0.97 0.61 

Evenness (Eʹ) 0.86 0.85* 0.02 
Values on the same row with asterisk varied significantly (p<0.05) using pairwise comparison (t-test) 
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Figure 2: The Principal Component Analysis showing 

response of phytoplankton data to water quality in 

Anyim River. 
Key: BAb – Bacilariophyta abundance, BD – Bacilariophyta 

diversity, BSR – Bacillariophyta species richness, CA – 

Chlorophyta abundance, CD – Chlorophyta diversity, CSR – 

Chlorophyta species richness, CyA – Cyanophyta abundance, 

CyD – Cyanophyta diversity, CySR – Cyanophyta species 

richness. 

 

Values recorded for all the variables measured were 

within the Nigeria Standard for Drinking Water Quality 

(NSDWQ) and WHO acceptable limits for drinking 

water except the DO level in the dry season. The 

physicochemical parameters varied significantly 

between seasons (p<0.05), except for DO, nitrate and 

transparency. 

Higher surface water temperature recorded in the dry 

season could be responsible for the observed decline in 

the dissolved oxygen level of the river, which was below 

the Nigerian Standard for Drinking Water Quality 

(NSDWQ) and WHO acceptable limits for drinking 

water, as high water temperature is known to reduce the 

dissolution of oxygen in surface water. Abowei (2010) 

reported an inverse relationship between temperature and 

dissolved oxygen in aquatic ecosystem, which agreed 

with the finding of this study. This study recorded an 

increase in the concentration of CO2 in the surface water 

in the dry season and this could be due to higher 

microbial activity, which utilize oxygen and release more 

CO2 as a product of the breakdown of decayed organic 

matter. This could be responsible for the decrease in 

water pH recorded in the dry season as CO2 reacts with 

water to form carbonic acid with a consequent decrease 

in the water pH. Total dissolved solids and conductivity 

varied significantly between seasons which could be due 

to higher rate of transpiration that lead to surface water 

loss and increase in the concentrations of dissolved ions 

in the water column in the dry season. The concentrations 

of nitrate and phosphate recorded during the study were 

higher in the wet season and it could be linked to the 

washing off of NPK fertilizer used on riparian farmlands 

on the river watershed into the river.  

Farming was one of the major human activities 

within the watershed of the river and may have 

contributed to the significant increase in the nitrate 

concentration of the river water. Nigatu (2010) and 

Nwinyimagu et al (2016) in their studies in Geffersa 

Reservoir, Ethopia and Asu River in Ebonyi State, 

Nigeria, respectively made similar observations and 

attributed the increase in nitrate concentration of their 

study sites in the wet season to runoffs from agricultural 

lands, slaughter houses, residential and industrial 

discharges and decomposition of nitrous organic matter.  

However, low nitrate concentration recorded in the 

dry season may be due to increased utilization by 

phytoplankton and other aquatic plants as reported by 

Kadam et al (2014) and Okogwu and Ugwumba (2012). 

Ammonia was also at low concentration in the dry season 

during the study and this could be associated with the 

regular conversion to trioxonitrate (v) ions and nitrogen 

(iv) ions by nitrifying bacteria as reported by Ekubo and 

Abowei (2011). Lower transparency recorded at the 

study sites in the wet season was attributed to increased 

siltation due to overland flow from the riparian farmlands 

during precipitation. Low transparency possibly reduced 

the amount of light passing through the water columns in 

the wet season thereby decreasing phytoplankton 

production in line with the report of Kozak (2005). 

The phytoplankton community of Anyim River was 

represented by three Divisions; Bacillariophyta, 

Chlorophyta and Cyanophyta during the study. 

Nwonumara and Okogwu (2021) reported similar 

Divisions in four rivers in Ebonyi State. The dominance 

of Cyanophyta during the study could be due to reduced 

phytoplankton flush-out as a result of reduced water flow 

velocity and increased water residence time. Cyanophyta 

are not palatable food to most microcrustaceans so 

reduction in their consumption might enhance the 

abundance. Their characteristic proliferation in nutrient 

enriched water also makes them good indicators of 

pollution, hence an indication that the river was under 

pollution pressure and may continue to deteriorate if 

regulatory measures are not put in place. However, 

higher diversity and species richness of Bacillariophyta 

recorded in the wet season showed that the nutrients 

fluctuate with water level and that was beneficial to more 

species of Bacillariophyta to proliferate in the wet 

season.  

Water quality–phytoplankton relationship showed 

that some physico-chemical parameters of Anyim River 

variously controlled the abundance, diversity and species 

richness of phytoplankton in the river during the study. 

The abundance of Cyanophyta was positively correlated 

with nitrate and phosphate in the dry season which 

showed that nitrate and phosphate concentration of the 

river supported the proliferation of this harmful group of 

phytoplankton. On the other hand, the species diversity 

and richness of Bacillariophyta and Chlorophyta were 

higher in the wet season which differ with the findings of 

Nwonumara and Okogwu (2021) that recorded higher 

species diversity and richness of the same phytoplankton 

Divisions in the dry season. Meanwhile, the diversity of 

phytoplankton Divisions in both season was low with 

reference to McDonald (2003) who stated that Shannon-

Wiener diversity index between 1.50 to 3.40 indicate low 

diversity while 3.50 and above indicates high diversity. 

This implied that the river was possibly under pollution 

stress. So, human activities in and around Anyim River 
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should be regulated to improve the water quality for 

domestic use, enhanced productivity and efficient 

ecosystem services.  

Conclusion  

This study assessed the water quality and phytoplankton 

of selected areas in Anyim River and the results showed 

that there were significant variations in some of the water 

quality parameters measured between seasons. The 

dissolved oxygen concentration of the river was slightly 

below the acceptable standard according to NSDWQ and 

WHO. Changes including higher nutrient concentrations 

and lower dissolved oxygen affected the phytoplankton 

species composition by supporting the proliferation of 

Cyanophyta that are indicators of pollution. It is 

therefore suggested that there should be regular 

monitoring of the water quality of the river to help 

regulate human activities that will undermine its 

importance for productivity and domestic use. 

Acknowledgments  

The authors are grateful to Prof. I. C. Okoye, Professor 

Onyisi and Dr. G.C. Nwosu of the Department of 

Zoology and Environmental Biology, University of 

Nigeria, Nsukka, Enugu State, Nigeria for their support 

and encouragement during the study. 

Conflict of interest 

The authors declare no conflict of  interest 

References  

Abowei, J.F.N. 2010. Salinity, dissolved oxygen, pH and 

surface water temperature conditions in Nkoro 

River, Niger Delta, Nigeria. Adv. J. Food Sci. 

Technol. 2(1): 16-21. 

Ama-Abasi, D.E., William, G. and Akpan, E.R. 2017. 

Possible impacts of wastewater discharge from the 

University of Calabar Teaching Hospital on the 

biota of Great Kwa River, Nigeria. Oceanogr. Fish. 

Open Access J. 1(5): 90-92. 

Association of Official Analytical Chemistry (AOAC). 

2003. Official Methods of Analysis of AOAC 

International. Association Analytical 

Communities, Association of Official Analytical 

Chemistry (AOAC). (7th ed.). Gaithersburg, MD 

USA. 1097pp. 

Bhat, N.A., Wanganeo, A. and Raina, R. 2015. Seasonal 

dynamics of phytoplankton community in a 

tropical wetland. Environ. Monit. Assess., 187: 1-

12. 

Chauhan, R.K. 2014. Physico-chemical analysis of 

untreated sewage water of Ladwa town of 

Kurukshetra district of Haryana and need of waste 

water treatment plant. Int. J. Current Microbiol. 

Appl. Sci. 3: 326-333.  

Dias, J.D., Bonecker, C.C. and Miracle, M.R. 2014. The 

rotifer community and its functional role in lakes 

of a neotropical floodplain. Int. Rev. Hydrobiol. 

99(1-2): 72-83. 

Egbueri, J.C., Agbasi, J.C., Ayejoto, D.A., Khan, M.I. 

and Khan, M.Y.A . 2023. Extent of anthropogenic 

influence on groundwater quality and human 

health-related risks: an integrated assessment based 

on selected physicochemical 

characteristics. Geocarto Int. 38(1): 2210100. 

Ekubo, A.A. and Abowei, J.F.N. 2011. Review of some 

water quality management principles in culture 

fisheries. Res. J. Appl. Sci. Eng. Technol. 3(12): 

1342-1357.  

Essien-Ibok, M.A. and Ekpo, I. 2015. Assessing 

environmental impact on phytoplankton 

composition and distribution in a Tropical River in 

Southern Nigeria. Int. J. Eng. Sci. 5(7): 40-48.  

Eyo, V.O., Andem, A.B. and Ekpo, P.B. 2013. Ecology 

and diversity of zooplankton in the Great Kwa 

River, cross river state, Nigeria. Int. J. Sci. 

Res. 2(10): 67-71. 

Ezugwu, C.K., Onwuka, O.S., Egbueri, J.C., Unigwe, 

C.O. and Ayejoto, D.A. 2019. Multi-criteria 

approach to water quality and health risk 

assessments in a rural agricultural province, 

southeast Nigeria. Hydro Res. 2: 40-48. 

Glibert, P.M. and Burford, M.A. 2017. Globally 

changing nutrient loads and harmful algal blooms: 

recent advances, new paradigms, and continuing 

challenges. Oceanogr. 30(1): 58-69. 

Glauch, L. and Escher, B.I. 2020. The combined algae 

test for the evaluation of mixture toxicity in 

environmental samples. Environ. Toxicol. 

Chem. 39(12): 2496-2508.  

Imoobe, T.O.T. 2011. Diversity and seasonal variation 

of zooplankton in Okhuo River, a Tropical Forest 

River in Edo State, Nigeria. Centrepoint J. 17(1): 

37-51. 

Jasim, M.S., Hassan, J.J., Nassar, A.J. and Hassan, F. M. 

2013. A study of phytoplankton communities and 

related environmental factors in Euphrates River. J. 

Environ. Prot. 4: 1071-1079. 

Kadam, S.U., Kadam, S.S. and Babar, M. 2014. 

Phytoplankton diversity of reservoirs in Parbhani 

district, Maharashtra, India. Int. J. Current 

Microbiol. Appl. Sci. 3: 459-466. 

King, J. and Brown, C. 2021. Africa's living rivers: 

Managing for sustainability. Dædalus. 150: 240-

259. 

Komárek, J. and Anagnostidis, K. 2005. 

Cyanoprokaryota 2.Teil: Oscillatoriales. Elsevier 

GmbH, Munchen, 759pp. 

Kozak, A. 2005. Seasonal changes occurring over four 

years in a Reservoir's Phytoplankton composition. 

Pol. J. Environ. Stud. 14(4): 454-465. 

McDonald, K. 2003. The abundance of herbivorous and 

predatory fishes in relation to Diadema antillarum 

along the West Coast of Dominica. ITME Research 

Report, 11-21.  

Nigatu, E. 2010. Water Quality and Phytoplankton 

Dynamics in Geffersa Reservoir, Ethopia. A thesis 

Presented to the school of Graduate Studies In 

Partial fulfillment of the requirements for degree of 

Master of Science in Biology. 66p. 

Nwinyimagu, A.J., Nwonumara, G.N., Ani, C. and 

Ukeje, I.O. 2016. Evaluation and management of 



  22 The Zoologist, 25:16-22, December, 2024 
 

the physicochemical variables of Asu River, 

Southeast Nigeria. J. Sustain. Dev. 9(2): 54-66. 

Nwinyimagu, A.J., Okogwu, O.I., Nwonumara, G.N. 

and Ani, C. 2018. Seasonal variation in 

physicochemical parameters and its relationship 

with zooplankton abundance in River Asu, Nigeria. 

Ind. J. Ecol. 45(1): 60-65.  

Nwinyimagu, A.J., Eyo, J.E. and Nwonumara, G.N. 

2023. Distribution and ecological risk assessment 

of herbicide residues in water, sediment and fish 

from Anyim River, Ebonyi State, Nigeria. Environ. 

Toxicol. Pharmacol. 100:104131. 

Nwonumara, G.N. 2018. Water Quality and 

Phytoplankton as Indicators of Pollution in a 

Tropical River. Proceedings of 6th NSCB 

Biodiversity Conference; Uniuyo 2018, 83-89pp. 

Nwonumara, G.N. and Okogwu, O.I. 2019. Effects of 

bottom-up and top-down interactions on the 

productivity of Iyieke Lake, Afikpo North, Ebonyi 

State, south-east Nigeria. Zoologist. 17: 6-12. 

Nwonumara, G.N. and Okogwu, O.I. 2021. Seasonal 

dynamics in water quality and phytoplankton of 

four tropical  rivers in Ebonyi State, South Eastern 

Nigeria. Afr. J. Aquat. Sci. 46(4): 402-413. 

Nwonumara, G.N. and Okogwu, O.I. 2013. The impact 

of flooding on water quality, zooplankton 

composition, density and biomass in Lake Iyieke, 

Cross River-Floodplain, Southeastern Nigeria. 

Zool. Ecol. 23(2):138-146. 

Okogwu, O.I. and Ugwumba, A.O. 2012. Response of 

phytoplankton functional groups in fluctuating 

water level in two shallow floodplain lakes in Cross 

River, Nigeria. Inland Waters. 2: 37-46. 

Petts, G.E. 2018. Perspectives for ecological 

management of regulated rivers. In Alternatives in 

regulated river management. CRC press. pp. 3-24. 

Rost, B., Zondervan, I. and Wolf-Gladrow, D. 2008. 

Sensitivity of phytoplankton to future changes in 

ocean carbonate chemistry: current knowledge, 

contradictions and research directions. Mar. Ecol. 

Prog. Ser. 373: 227-237. 

Sahoo, D. and Seckbach, J. 2015. The Algae World. 

Springer. 594pp. 10.1007/978-94-017-7321-8. 

Saravanakumar, A., Rajkumar, M., Thivakaran, G. A. 

and Sesh-Serebiah, J. 2008. Abundance and 

seasonal variations of phytoplankton in the creek 

waters of western mangrove of Kachchh-Gujarat. 

J. Environ. Biol. 29: 271-274. 

Verlencar, X. N. and Desai, S. 2004. Phytoplankton 

Identification Manual. National Institute of 

Oceanography. Dona paula, GoaIndia. 33p 

 
ORCID  

Godwin N. Nwonumara: https://orcid.org/0000-0001-9951-0681 

Josua A. Nwinyimagu: https://orcid.org/0000-0003-3334-3045 

 


