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Abstract: Aquatic ecosystems respond differently to diverse anthropogenic activities in their watersheds. 

Phytoplankton is sensitive to their environment and is used to monitor anthropogenic impacts. A study was carried 

out in a South-eastern Nigerian River between December 2017 and November 2018 in 6 stations; to assess the 

phytoplankton community, water quality, and anthropogenic impacts. Sand mining was a major activity in the 

river among others. The phytoplankton was sampled with the filtration method while water was collected and 

analyzed using standard methods. A total of 36 phytoplankton species were recorded with Chlorophyceae being the 

most abundant group. The most abundant species - Melosira granulata is a pollution indicator. The water quality 

and phytoplankton structure showed that the water was tending towards eutrophication. This is attributed to the 

observed anthropogenic activities and cumulative impacts of all the activities in the watershed. The impact of sand 

mining activities was observed more in the downstream stations (4 – 6) while perturbation from swimming children 

and related activities was observed in station 1. The community structure reflected the impacts of the activities 

while CCA showed the major water quality parameters that influenced the phytoplankton community structure. 

Keywords: anthropogenic, bioindicator, diversity, sand mining, water quality 

 
Abstrak:  Ekosistem akuatik merespons  secara berbeda terhadap beragam aktivitas antropogenik di  DASnya. 

Fitoplankton sensitif terhadap lingkungannya dan digunakan untuk memantau dampak antropogenik. Sebuah 

penelitian dilakukan di Sungai Nigeria Tenggara antara Desember 2017 dan November 2018 di 6 stasiun; untuk 

menilai komunitas fitoplankton, kualitas air dan dampak antropogenik. Kegiatan penambangan pasir merupakan 

salah satu kegiatan utama di sungai. Fitoplankton diambil sampelnya dengan metode filtrasi sedangkan air 

dikumpulkan dan dianalisis menggunakan metode standar. Sebanyak 36 spesies fitoplankton tercatat dengan 

Chlorophyceae sebagai kelompok yang paling melimpah. Spesies paling melimpah - Melosira granulata adalah 

indikator pencemaran.  Kualitas air dan struktur fitoplankton menunjukkan bahwa air cenderung eutrofikasi. Hal ini 

disebabkan oleh aktivitas antropogenik yang diamati dan dampak kumulatif dari semua aktivitas di DAS. Dampak 

kegiatan penambangan pasir lebih banyak diamati di stasiun hilir (4 - 6) sedangkan gangguan dari anak-anak 

berenang dan kegiatan terkait diamati di stasiun 1. Struktur komunitas mencerminkan dampak kegiatan sementara 

CCA menunjukkan parameter kualitas air utama yang mempengaruhi struktur komunitas fitoplankton. 
Kata kunci: antropogenik, bioindikator, keanekaragaman, kualitas air, penambangan pasir 
 

1. Introduction 
 

Freshwater bodies all over the world are under 

great pressure from anthropogenic activities in and around 

the water bodies [1][2]. Physicochemical parameters give 

an insight into water chemistry and quality, which alone 

does not give a clear picture of the ecological condition of 

the water body; since they cannot be properly integrated 

with the ecological variables [3]. Water bodies provide 

habitats to a range of organisms; as a result, the effect and 

response to environmental stressors may vary from 

producers to consumers [4]. Aquatic biota living in 

freshwaters are widely used to monitor the levels of 

pollution worldwide [5][7]. Among the aquatic biota used 

in freshwater monitoring, phytoplankton is the primary 

producer and the base for aquatic food webs that sustain 

freshwater ecosystem stability and function [8]. 

Phytoplankton is widespread in freshwater 

bodies, such as streams, lakes, and rivers. They are 

relatively unnoticed except in bloom conditions but 

play a major role in terms of ecology and in relation to 

human use of freshwater [9]. Phytoplankton is micro- 

plant organisms without distinct roots, stems, and 

leaves [10].  Phytoplankton species composition, 

abundance, and diversity vary with environmental 

conditions such as nutrients level, temperature, light 

and predator pressure, etc. 

The phytoplankton community plays a key role 

in aquatic ecosystems as bioindicator and primary 

producers; providing for carbon fixation, oxygen, and 
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food production [11]. Phytoplankton species are able 

to survive and develop in diverse aquatic habitats but 

each species is restricted to a defined niche based on 

their physiological requirements and environmental 

limitations [12]. The presence or absence of the 

indicator organisms can reveal aquatic environmental 

conditions. Phytoplankton productivity and biomass in 

freshwater ecosystems are significantly increased 

through anthropogenic nutrient enrichment [13][14]. 

Understanding the effects of environmental 

parameters on phytoplankton communities is 

important to assess the effects of anthropogenic 

impacts [15]. 

A number of anthropogenic activities were 

observed in the Eme River, of which illegal and 

indiscriminate sand mining was the major one. The 

objective of this study was therefore to assess some 

physicochemical parameters and phytoplankton 

diversity in relation to anthropogenic activities. 
 
2. Material and Methods 
 

2.1. Study Area 

 
Eme River originated from Uzoakoli in Abia 

State, Nigeria, and flows through many 

communities before discharging into Imo River at 

Onuimo.   The   studied   area   section   lies   between 

latitude 5°38’ and 5°37’N and Longitude 7°25’ 

and 7°26’E; about 3.25 km in length, from Ofeme to 

Umudiawa in Umuahia, Abia State (Figure   1). 

Falling within the sub-equatorial zone, mean annual 

rainfall of about 4000 mm per annum. It is also 

characterized by high relative humidity of over 70% 

and high temperature of about 29-31
o
C.  The study 

area is also characterized by two seasons - wet (June to 

November) and dry (December to May) and double 

maxima rainfall peaks in July and September; a short 

period of dryness (August break) is experienced 

between the peaks. Based on accessibility and 

anthropogenic activities, the river was divided into 

six stations. 
All the stations were within the dredged 

section except station 1. The control station (Station 
1) was upstream and located within the Ofeme 
community at Mbato, laundry and extraction of 
drinking water were observed especially during the 
dry season. Also due to close proximity, easy 
accessibility, and low water depths, a large number 
of children are usually observed swimming during 
the dry season up to early rains. The substrate is 
mixed.   Station 2 was located at the out sketch of 
the community (Eme– Ihite), about 1.84 km 
downstream of Station 1. Laundry, swimming, and 
extraction of drinking water were observed in the dry 
season while minimal sand mining was observed in 
the wet season.  The substrate is mixture of sand and 
stones. Station 3, also located in Eme - Ihite, close 
to the expressway, about 419.67 m downstream of 
Station 2.  Periodic boat movements were the only 
activities observed. The substrate is made up of 
large clayey boulders. Station 4, located in 
Umudiawa Community across the expressway, about 
490.26m downstream of Station 3. An intensive sand 
mining and two sand landing sites were located 
upstream to Station 4. The substrate was sandy. 
Station 5 was about 200.22m downstream of Station 
4; within Umudiawa Community.  The substrate was 
sandy supporting sand mining activities. Station 6 was 
about 300.14m downstream of Station 5; also within 
Umudiawa Community. Sand mining occurred in the 
water channel and around the shores. The substrate 
was sandy. 

 

 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Map of Umuahia, Abia State, Nigeria showing the sampling Stations of Eme River
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2.2   Methods 

2.2.1. Sample collection and analysis 
2.2.1.1. Water samples 

Water samples were collected monthly between 
December 2017 and November 2018. One litre water 
sampler was used and samples were transferred into 
sterilized 1 litre plastic bottles and taken to the 
laboratory for analysis. In-situ determinations were 
carried out for Water Temperature, Flow Velocity, 
Turbidity, pH, and Total Dissolved Solids while 
Dissolved Oxygen, Biochemical Oxygen Demand, 
Nitrate, and Phosphate were determined in the 
laboratory using standards methods by [16]. 

2.2.1.2. Phytoplankton samples 
Phytoplankton samples were collected from 

undisturbed areas of the river monthly as the water 
samples.  The sampling was carried out using the 
filtration method. A composite sample of 100 litres of 
water   was   filtered   through   55µm   Hydro-Bios 
plankton net. The net content was washed out into 

plankton bottles of 250ml size and preserved in 4% 

formalin solution. In the laboratory, one ml of the 

preserved sample was taken as a sub-sample using a 

pipette. The collected sample was put on the 

Sedgwick-rafter counting chamber and viewed under 

a light binocular microscope (Nikon 400 binocular 

microscope) using a low magnification of x10. 

Phytoplankton was sorted into different groups and 

the cells per ml were counted. Identification work 

was done using key literature by [10] and [17].  The 

identification was made to the lowest practicable 

taxonomic. 

 
2.3 Data Analysis 

 

The results were summarized with Microsoft 

Excel while one-way ANOVA was used to test for 

statistical differences among the stations and Tukey’s 

pairwise comparisons test was used to locate the 

source of the significant difference (P<0.05).  

Margalef (D), Shannon-Wiener (H), and Evenness (E) 

indices were used to determine the community 

structures of the phytoplankton while Canonical 

correspondence analysis (CCA) was used to evaluate 

relationships between the phytoplankton groups and 

environmental variables. 

 
3.    Results and Discussion 
 
3.1. Water Quality 

 

The physicochemical parameters studied are 

presented in Table 1.  Surface water temperature 

ranged between 22.0oC and 28.5oC. The surface water 

temperatures were within acceptable limits; influenced 

by season and sampling times. The lowest value was 

recorded in station 1 in May 2018 after an early rain 

while the highest was recorded in station 6 in April 

2018 during the dry season. Air temperatures have 

been reported to strongly influence surface water 

temperatures [18]. Water temperature is an important 

factor in biotic and abiotic processes; affecting the 

amount of dissolved matter, organic/inorganic 

pollutants, nutrients, micro bacterial concentrations, 

and the behavior of organisms in the aquatic 

environment [19]. 

Flow velocity values were moderate; ranging 
between 0.21 and 0.85 m/s. The lowest flow 
velocity was recorded in station 1 in April 2018 while 
the highest was recorded in station 3 in December 
2017. Stations 2 and 3 were significantly higher 
(F=31.59; P<0.05) than the other stations. Flow 
velocity can significantly affect the ability of a 
waterbody to assimilate and transport pollutants [20]. 
It can also affect the composition, abundance, and 
distribution of aquatic biota. Increased river 
discharge and flow velocity, especially during 
the wet season, has been reported to be 
responsible for low species composition and 
abundance in rivers due to low time   of   
residency [21 -23].   This   study   was different; 
the highest phytoplankton abundance was recorded in 
Station 3 with high flow velocities. This could be as a 
result of little or no human activities observed in the 
station. CCA showed that flow velocity was a strong 
negative factor especially in Station 3. 

Turbidity ranged between 0.5 and 9.4 NTU. The 
lowest and highest values were recorded in station 4 
in March and February 2018 respectively. The 
standard limit (5 NTU) was exceeded by some values 
recorded in all the stations especially between 
December 2017 and March 2018; attributable to the 
cumulative effect of receding flood and 
anthropogenic activities. Turbidity in Station 1 could 
have been influenced by a large number of children 
swimming and other activities (bathing, washing, 
and extraction of water for drinking) observed during 
the dry season. However, the effect of sand mining 
activities which increased with the rains could be 
responsible for the relatively higher values recorded 
in Stations 4 – 6 between May and November 2018 
[24][25]. This was more significant in Station 4 which 
was immediately downstream of sand mining and 
landing sites and gradually reduced further 
downstream [26][27].  The negative   effect   of   
turbidity   in   station   4   was highlighted by CCA. 
High turbidity levels affect aquatic lives [28][29]. All 
the pH values recorded were acidic (4.3 - 6.3); 
lower than the acceptable limits (6.5 – 8.5). The 
lowest and highest pH were recorded in stations 
2 (June 2018) and 1 (September 2018) respectively. 
Geogenic [30] and anthropogenic influences [31-32] 
could be responsible for the low pH.. It has been 
reported that sand mining lowers the pH of water 
bodies [27]. Extremes of pH are detrimental to 
most aquatic organisms. Aquatic organisms are 
extreme sensitivity to pH levels below 5; death could 
occur at such low pH values [29]. CCA showed a 
strong negative influence of pH on phytoplankton. 
.The electrical conductivity (EC) values ranged 
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between 45.2 and 168.4 µS/cm.    The lowest and 
highest values were recorded in stations 2 and 5 
in March and January 2018 respectively.  The 
downstream stations (4 – 6) were significantly 
higher (F=29.59; p<0.05) than the upstream stations 

(1 – 3). This could be a result of sand mining 

activities. Increased levels of EC in surface water 
have been associated with sand mining activities 

[31][33] and increasing EC usually points to 
increasing water pollution [34]. The EC values 
recorded in Station 1 were relatively higher compared 
to Stations 2 and 3; The effect of the large number of 
children swimming observed during sampling in the 
dry season and allochthonous input from increased 
runoff during the wet season could be responsible. 

 
Table 1: Summary of Physico-chemical Parameters of Eme River, Umuahia, Abia State. 

 

Parameter Stn 1 

X±SEM 

Stn 2 

X±SEM 

Stn 3 

X±SEM 

Stn 4 

X±SEM 

Stn 5 

X±SEM 

Stn 6 

X±SEM 

P- 

value 

FMEnv. 

Water 24.8±0.59 24.9±0.54 24.8±0.53 24.9±0.51 24.4±0.53 24.8±0.53 P>0.05 <40 

Temperature 
(oC) 

(22.0-28.0) (22.5-28.2) (23.0-28.2) (23.2-28.4) (23.0-28.3) (22.9-28.5)   

Turbidity  4.2±0.61 3.5±0.52 3.0±0.48 5.0±0.72 3.9±0.61 4.1±0.56 P>0.05 5 

(NTU) (1.5-9.3) (1.3-8.1) (0.6-5.4) (0.5-9.4) (0.7-7.8) (0.9-6.9)   

Flow Velocity 0.35±0.02
a
 0.56±0.04

b
 0.71±0.02

c
 0.36±0.02

a
 0.37±0.02

a
 0.45±0.0

a
 P<0.05 - 

(m/s) (0.21-0.49) (0.37-0.80) (0.63-0.85) (0.24-0.46) (0.28-0.50) (0.26-0.58)   

pH 5.69±0.11 5.43±0.13 5.42±0.10 5.53±0.10 5.49±0.10 5.55±0.10 P>0.05 6.5 – 

(unit) (5.0 – 6.3) (4.3 – 5.9) (4.9 - 6.1) (5.0 – 6.1) (5.1 – 6.2) (5.1 - 6.1)  8.5 

Electrical 86.0±4.40
a
 71.3±4.43

a
 65.7±3.50

a
 130.4±5.86

b
 115.4±6.04

b
 119.6±5.38

b
 P<0.05 - 

Conductivity (55.6- (45.2-95.4) (49.6-88.7) (90.3- (88.5- (87.1-   

(µS/cm) 115.8)   160.2) 168.4) 148.4)   

Dissolved 3.7±0.38 3.6±0.34 3.7±0.40 3.9±0.46 3.6±0.37 3.8±0.42 P>0.05 6 

Oxygen (mg/l) (2.3-5.7) (2.2-5.9) (1.8-6.1) (1.6-6.1) (2.0-5.5) (1.8-5.8)   

Biochemical 1.7±0.14
ab

 1.5±0.08
b
 1.7±0.12

b
 2.6±0.37

ac
 1.9±0.20

ab
 2.1±0.25

ab
 P<0.05 3 

Oxygen 

Demand (mg/l) 

(1.0-2.5) (1.1-1.9) (1.1-2.4) (0.8-4.3) (1.0-3.2) (0.9-3.9)   

Nitrate (mg/l) 2.9±0.30
b
 2.2±0.17

b
 1.6±0.12

a
 4.5±0.20

c
 2.6±0.37

ab
 2.9±0.27

b
 P<0.05 9.1 

 (1.8-4.9) (1.3-3.2) (1.1-2.4) (3.4-5.6) (1.2-5.3) (1.9-5.2)   

Phosphate 1.3±0.08
a
 0.8±0.10

a
 0.7±0.07

a
 3.4±0.18

b
 2.8±0.22

bc
 2.9±0.21

bc
 P<0.05 3.5 

(mg/l) (1.0-1.9) (0.5-1.7) (0.4-1.2) (2.8-4.6) (1.9-4.3) (2.0-4.5)   

Remarks: a, b, c, d, e = Means with different superscripts across the rows are significantly different at p<0.05; SEM= Standard. Error of 
Mean; FMEnv. National Environmental (Surface and Groundwater Quality Control) Regulations (2011). 

 

The dissolved oxygen (DO) values ranged 

from 1.6 to 6.1 mg/L.  Only two of the values 

recorded exceeded the acceptable limit (6mg/L) set 

by [35] while all the rest were below. The lowest 

value was recorded in Station 4 (November 2018) 

while the highest was recorded in Stations 3 (January 

2018) and 4 (February 2018).  Most of the Dissolved 

Oxygen values were lower than the acceptable limit 

especially in station 4 where the effects of sand 

mining were higher. The addition of nutrients, 

changing of flow of water, raising the water 

temperature and the addition of chemicals are some 

of the consequences of sand mining activities that 

could contribute to oxygen depletion in water [36]. 

Dissolved oxygen (DO) has been described as one of 

the major parameters used in the evaluation of water 

quality [37] and the level is necessary   to   support   

aquatic   biodiversity.   [38] reported that dissolved 

oxygen is essential to support aquatic life and good 

fish production at levels >5 mg/L. 
Biochemical Oxygen Demand (BOD) is an 

important parameter of water indicating the health 
and self-purification status of freshwater bodies.   
The values ranged between 0.8 and 4.3 mg/L with 
the lowest and highest values recorded in November 
2018 and February 2018 respectively in station 4. 
The acceptable limit of 3 mg/L was exceeded by 
some of the values especially in the downstream 
Stations (4 –6), which could be as a result of sand 
mining activities.   Station 4 was significantly higher 
than stations 2 and 3 (F = 3.43; p<0.05). Sand 
mining activities exacerbate the release and 
circulation of organic matter from the sediments into 
the water column which can increase the BOD levels 
[31]. High BOD levels are capable of negatively 
affecting dissolved oxygen contents and adversely 
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affecting the aquatic biota; therefore, it is a pointer to 
potential pollution problems [39]. 

Nitrate, a common form of nitrogen occurs 

naturally in many environments at moderate levels 

[40].  The values were all within the acceptable limit 

and ranged from 1.1 to 5.6 mg/L; though higher 

values were recorded in Stations 4 – 6 pointing to 

the effects of sand mining. Station 4 was 

significantly (F= 14.62; p<0.05) higher than the 

other stations. The lowest value was recorded in 

station 3 (June 2018) while the highest was 

recorded in station 4 (February 2018). In Okoro 

Nsit stream South-south Nigeria; subjected to 

intense sand mining activities, [31] recorded higher 

values of 10.7 to 12.4 mg/l. The relatively higher 

values recorded in Station 1 compared to Stations 2 

and 3 could be from the effect of the large number 

of children swimming during the dry season and 

increased allochthonous input during the wet season.  

Naturally, nitrate is often between 0.01 and 3.0 

mg/L; consequently, water with values higher than 

5.0 mg/L is considered poor [41]. Nitrates have 

negative impact on the environment; noted for 

contamination of ground and surface waters due 

to their high solubility [40]. 

The nutrient levels and eutrophication of the 

river system can be identified by the concentrations 

of phosphate in the river [42]. Phosphate values 

ranged between 0.4 and 4.6 mg/L.   Stations 4 – 6 

recorded values that exceeded the acceptable limit 

and were significantly different (F = 56.71; p<0.05) 

from stations 1 – 3; attributable to sand mining. A 

range of 2.5 to 3.6 mg/l in Okoro Nsit stream in 

Akwa Ibom State, Nigeria [31]. Relatively higher   

values were also recorded in Station 1 attributed to 

perturbation from the large number of children   

swimming during the dry season and increased 

allochthonous input during the wet season. The 

values of 0.005 to 0.020 mg/L as normal in most 

natural surface waters while high concentrations can 

point to pollution and are mainly responsible for 

eutrophication [20]. The growth of algae and other 

photosynthetic aquatic life is stimulated by nutrients 

such as nitrogen and phosphates compounds in water 

[43]. 

 
3.2.  Phytoplankton Composition, Abundance and 

Distribution 

 
The composition and abundance of plankton 

of the water body is a clear indication of the health 

status of the water body [44]. The species 

composition, abundance, and distribution are 

presented in Table 2. A total of 5213 phytoplankton 

individuals was recorded, out of which the most 

abundant group was Chlorophyceae (1776 or 

34.1%), followed by Bacillariophyceae (1234 or 

23.7%). Other phytoplankton taxa recorded were 

Cyanophyceae (838 or 16.1%), Euglenophyceae 

(835 or 16.0%), and Pyrrophyceae (530 or 10.2%).  

One- way ANOVA showed that Cyanophyceae, 

Euglenophyceae, and Pyrrophyceae were 

significantly (F= 18.0, p<0.05) lower than 

Chlorophyceae and Bacillariophyceae in terms of 

abundance. 

The phytoplankton was dominated by 

Chlorophyceae followed by Bacillariophyceae as 

reported by [45] and [46]. Chlorophyceae was 

also reported as the dominant in Odot Stream by 

[47] while the dominance of Bacillariophyceae was 

reported in Ikpa River by [23], Idumayo River by [4] 

both in Southeast Nigeria, River Kaduna in North 

Central Nigeria by [48] and Orashi River, South- 

south Nigeria by [49]. The growth and 

development of Chlorophyceae are controlled by 

parameters like transparency, water temperature, 

dissolved oxygen, pH, and nutrients [50][52] while 

low levels of DO and high BOD, nitrate, and 

phosphate, favor the growth of diatoms [45]. High 

abundance of diatoms is attributed to high   

levels of silicates in the water, resulting from 

sand mining activities [23] and also suggests 

perturbation and organic pollution [49]. 

The number of taxa (species) recorded was 36 

in all the stations except station 6 with 35. They 

are lower than 41 species recorded [53], 80 species 

[4], and 102 species by [54] which could be 

attributed to anthropogenic and seasonal impacts.  

However, they are higher than 24 species recorded 

[48][49] and 26 species [46]. The composition of 

the phytoplankton was dominated cosmopolitan and 

pollution tolerant species [4][45][46][49][55]. The 

most abundant phytoplankton species recorded was 

Melosira granulata (Bacillariophyceae) with 190 

individuals (3.64 % of the total phytoplankton 

abundance), followed by Planktosphaeria gelatinosa 

(Chlorophyceae) with 180 individuals/L (3.45% of 

the total phytoplankton abundance) and the least was 

Peridinium depressum (Pyrophyceae) with 101 

individuals/L (1.94% of the total phytoplankton 

abundance). Other common tolerant species include 

Anabaena affins (Cyanophyceae), Euglena candata, 

Phacus longicanda (Euglenophyceae), Amphoria 

ovaris, Synedra affins (Bacillariophyceae), and 

Pediastrum simplex (Chlorophyceae).  

Phytoplankton species have been used as indicators 

of organic pollution [4][56][57]. Some of the taxa 

recorded like Euglena, Ceratium, Peridinium, 

Anabaena, Closterium, Scenedesmus, and 

Pediastrum were indicative of eutrophic condition 

[56]. 

Spatially, station 3 recorded the most 

abundant individuals (1108 individuals/L or 

21.3%), followed by station 2 (1007individuals/L or 

19.3%) while station 1 (748 individuals/L or 14.3%) 

was the least. One-way ANOVA showed that 

stations 2 and 3 were significantly (F= 10.3, 

p<0.05) higher than stations 1, 4 – 6 in terms of 
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abundance. Stations 2 and 3 had the highest number 

of individuals despite their high velocities; this could 

be due to little or human activities in the stations. 

Stations 1, 4 – 6 were significantly lower with 

station 1 being the lowest. Stations 4 – 6 were 

subjected to intense sand mining activities. Sand 

mining adversely affects both physical and 

biological environments, often extending beyond the 

mining sites [28]. Apart from constant agitation of 

the water, it increases turbidity levels and reduces 

light penetration which hinders the photosynthetic 

activity, productivity, and growth of phytoplankton 

[58]. 

The low abundance recorded in station 1 

could be attributed to perturbation from the large 

number of children swimming in the station. This 

was observed throughout the dry season sampling 

period, which also reflected in the levels of some 

physicochemical parameters. The effect of 

increased runoffs from the rains also could be 

responsible during the wet season. Plankton 

abundance usually decreases as the amount of 

rainfall increase; attributed to high turbidity and 

high flow velocity [4][48][56]. The highest and 

lowest abundance were recorded among the 

Chlorophyceae and Pyrrophyceae respectively. 

Among the Chlorophyceae, station 4 (212 

individuals/l) was significantly (F = 11.34; 

p<0.05) lower than station 3. (431 individual/l) 

while among the Pyrrophyceae, the downstream 

stations recorded relatively lower abundance. Also, 

among the Cyanophyceae, the relatively unperturbed 

upstream stations (2 and 3) were significantly 

(F= 4.33, p<0.05) higher than the perturbed 

stations (1, 4–5) while station 6 showed signs of 

recovery. A significant increase in the number of 

species and individuals of biota after dredging 

operations [62]. 

 

3.3. Phytoplankton Community Structure  
 
Diversity indices have an important 

application in plankton studies especially in relation 
to the assessment of pollution and waterbody 
productivity [59]. In aquatic communities, it is a 
general knowledge that species diversity and richness 
tend to decrease with increasing perturbation; though 
some tolerant species usually break out [60]. The 
phytoplankton groups responded differently to the 

effects of anthropogenic activities which reflected in 
their community structures (Table 3). Perturbations 
in water columns caused by sand-mining activities 
exert selective effects on the aquatic biota [54][61]. 
Chlorophyceae and Pyrrophyceae had the highest 
and lowest Shannon-Wiener diversity index (H) 
respectively. Among the Chlorophyceae, station 3 
had the highest value (2.469) and station 1, the 
lowest (2.261), followed by station 4 (2.441). 

The downstream stations (4 – 6) had 
relatively lower Shannon-Wiener diversity index 
among Pyrrophyceae. These values indicated some 
level of perturbation attributed to sand mining. [63] 
classified water bodies with Shannon-Wiener 
diversity Index as clean (>4.5), slight pollution (4.5-
3), moderate pollution (3-2), heavy pollution (2-1), 
and high pollution (<1).  Margalef index is an 
indicator of community richness in aquatic and 
terrestrial ecosystems [64]. Margalef Species 
Richness followed the same trend as Shannon-
Wiener Diversity Index (H) among the 
phytoplankton groups; though the spatial variations 
were different. Among the Chlorophyceae, station 4 
had the highest value (2.054), followed by station 1 
(2.029) while the relatively unperturbed stations 3 
(1.813) and 2 (1.871) were lower. The perturbed 
downstream stations (4 – 6) had relatively higher 
Margalef Species Richness among Pyrrophyceae. 
This is because the Margalef index focuses on the 
richness and taxonomic composition rather than 
community abundance [65]. Evenness index 
indicates the degree to which species are equally 
distributed in a community; low values indicate that 
one or a few species dominate while high values 
indicate the relatively equal distribution of each 
species [66]. The evenness values were generally 
higher among the upstream stations (1 – 3) except 
Chlorophyceae (0.7997) in station 1 while 
Bacillariophyceae (0.9779) and Chlorophyceae 
(0.9830) were relatively higher in station 5. 
Evenness index values were close to 1 indicating that 
the species were distributed evenly in most of the 
stations. The lower value recorded in Chlorophyceae 
in station 1 could be attributed to effect children 
swimming and season. The dominance of 
Bacillariophyceae and Chlorophyceae in station 5 is 
an indication of eutrophication [67]. 
Bacillariophyceae has high tolerance to chemicals 
and nutrients [68]. 
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Table 2: Species Composition, Abundance and Distribution of Phytoplankton in Eme River, Umuahia, Nigeria 
Group Taxa Station 

1 

Station 

2 

Station 

3 

Station 

4 

Station 

5 

Station 

6 

Total RA 

(%) 

Cyanophyceae Anabaena affins 14 29 26 30 36 35 170 3.26 

 A. spiroides 12 36 31 14 21 19 133 2.55 

 Oscilatoria 

laccustris 

14 21 35 21 30 30 151 2.90 

 Spirulina 

substilissinia 

18 24 29 26 14 14 125 2.40 

 Microcystis 

weswenbergii 

11 23 24 25 18 32 133 2.55 

 Coelosphaerium 

pallidum 

10 27 20 24 22 23 126 2.41 

Euglenophyceae Euglena candata 13 35 20 15 42 32 157 3.01 

 E. acus  20 24 25 15 12 34 130 2.59 

 E. proxima 27 20 28 25 26 12 138 2.65 

 Phacus 

longicanda 

23 29 37 31 20 19 159 3.05 

 P. caudata 24 30 23 15 24 10 126 2.42 

 Trachelomonas 

aramata 

33 14 30 20 28 0 125 2.40 

Bacillariophyceae Amphoria ovaris 24 28 32 40 21 16 161 3.09 

 Melosira 

granulata 

25 30 32 42 22 39 190 3.64 

 M varians 25 29 23 15 19 20 131 2.51 

 Synedra acus 32 28 23 19 19 13 134 2.57 

 S. ulna 25 29 19 35 18 25 151 2.90 

 S. affins 20 31 28 39 28 30 176 3.38 

 Cyclotella 

glomerata 

33 30 27 23 20 13 146 2.80 

 Tragilaria 

crotonesis  

15 22 32 21 33 22 145 2.78 

Chlorophyceae Pediastrum 

clathratum  

19 27 28 31 20 20 145 2.78 

 P.  simplex  26 21 43 15 24 31 160 3.07 

 P. dublex 4 39 28 21 26 27 145 2.78 

 Closterium 

moniliferum 

31 32 38 17 14 21 153 2.93 

 C.  parvulum  20 26 29 22 22 21 140 2.69 

 C. macilentum  1 25 34 16 19 23 118 2.26 

 Cosmarium 

amoerum 

2 29 42 11 30 25 139 2.67 

 Mougeotia 

scalaris 

32 29 34 17 18 16 146 2.80 

 Volvox aureus 26 21 38 17 22 30 154 2.95 

 Chlamydomonas 

Atactogam 

26 31 40 9 21 16 143 2.74 

 Planktosphaeria 

Gelatinosa 

28 43 48 19 24 18 180 3.45 

 Scenedesmus 

quardriacauda 

11 34 29 17 26 36 153 2.93 

Pyrophyceae Ceratium 

candelabum 

30 31 45 16 6 19 147 2.82 

 C. hirudenella 23 29 34 25 9 25 145 2.78 

 Peridinium 

depressum 

23 18 31 8 9 12 101 1.94 

 P. latum 28 33 23 25 20 8 137 2.63 

 Total 748 1007 1108 781 783 786 5213  
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Table 3: Community Structures of Phytoplankton in Eme River, Umuahia, Nigeria. 

Group 

Biodiversity  

Indices 

Station 

1 

Station  

2 

Station  

3 

Station  

4 

Station  

5 

Station  

6 

Cyanophyceae Individuals 79b 160a 165a 140b 141b 153a 

 Shannon-Wiener (H) 1.773 1.775 1.776 1.768 1.743 1.747 

 Evenness (E) 0.9811 0.9837 0.9844 0.9761 0.9528 0.9561 

 Margalef (D) 1.144 0.9852 0.9793 1.012 1.01 0.9939 

Euglenophyceae Individuals 140 152 163 121 152 107 

 Shannon-Wiener (H) 1.756 1.752 1.772 1.749 1.728 1.499 

 Evenness (E) 0.9647 0.9614 0.9804 0.9578 0.9381 0.8955 

 Margalef (D) 1.012 0.9952 0.9816 1.043 0.9952 0.856 

Bacillariophyceae Individuals 199 227 216 234 180 178 

 Shannon-Wiener (H) 2.055 2.075 2.064 2.017 2.057 2.011 

 Evenness (E) 0.9754 0.9956 0.9849 0.9399 0.9779 0.9341 

 Margalef (D) 1.322 1.29 1.302 1.283 1.348 1.351 

Chlorophyceae Individuals 226a 357bc 431b 212a 266ac 284ac 

 Shannon-Wiener (H) 2.261 2.463 2.469 2.441 2.468 2.453 

 Evenness (E) 0.7997 0.9779 0.9845 0.9569 0.983 0.9688 

 Margalef (D) 2.029 1.871 1.813 2.054 1.97 1.947 

Pyrrophyceae Individuals 104 111 133 74 44 64 

 Shannon-Wiener (H) 1.379 1.363 1.358 1.305 1.279 1.302 

 Evenness (E) 0.993 0.9765 0.9724 0.9218 0.8985 0.9187 

 Margalef (D) 0.6459 0.637 0.6135 0.697 0.7928 0.7213 

Remarks: a, b, c = Abundance (Individuals/l) with different superscripts across the rows are significantly different 

(p<0.05). 

 

The relationships between phytoplankton and 

environmental variables were determined by using 

Canonical Correspondence Analysis (CCA). The 

importance of the variable was indicated by the 

length of the arrow and shows positive or negative 

correlations with the axis [69-70]. The analysis 

showed that electrical conductivity and phosphate 

exerted a greater positive influence on the relative 

abundance of the phytoplankton groups compared 

to the higher negative influence exerted by pH and 

temperature (Figure. 2). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 2: Canonical Correspondence Analysis (CCA) Ordination Showing Relationships between 

Phytoplankton Groups, Stations and Environmental Variables (BOD – biochemical oxygen demand, DO - 

dissolved oxygen, Turb - turbidity, Temp - water temperature, NO3 – nitrates, PO4 - phosphates, EC – 

electrical conductivity, FVel – flow velocity, CYA – cyanophyceae, BAC – bacillariophyceae, CHL –  

chlorophyceae, EUG – euglenophyceae and PYR – Pyrrophyceae) 

Biochemical oxygen demand, electrical 

conductivity, and phosphate exerted positive 

influence on cyanophyceae and flow velocity on 

euglenophyceae and Chlorophyceae. On the other 

hand, turbidity and nitrate exerted negative 

influence on Bacillariophyceae and temperature on 
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Pyrrophyceae. Spatially, pH and flow velocity 

exerted negative influence respectively in stations 1 

and 3 while turbidity and nitrate exerted negative 

influence in station 4. 

 

4.   Conclusion 

The water quality and phytoplankton 

structure showed that the water was tending 

towards eutrophication. This is attributed to the 

observed anthropogenic activities and cumulative 

impacts of all the activities in the watershed. The 

impact of sand mining activities was observed more 

in the downstream stations (4 – 6) while 

perturbation from swimming   children   and   

related   activities   was observed in station 1. The 

community E. D. Anyanwu, M. C. Okorie, and 

Odo S. N, “Macroinvertebrates as bioindicators of 

Water Quality of Effluent-receiving Ossah River, 

Umuahia, Southeast Nigeria,” Zanco Journal of 

structure reflected the impacts of the activities 

while CCA identified the major water quality 

parameters that influenced the phytoplankton 

community structure. There is need to regulate 

sand mining activities due to its negative impact 

on the biota.    
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