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The water quality and biological characteristics of Ezeagu Waterfall was assessed during the second quarter 
of 2016. The study encompassed the analysis of physicochemical parameters as well as the composition and 
abundance of benthic macro-invertebrates. The physicochemical parameters: total hardness, pH, salinity, 
alkalinity, dissolved oxygen (DO), biological oxygen demand (BOD), chemical oxygen demand (COD), 
temperature, depth, chloride, sulphate and nitrate, were evaluated by standard procedures. Scoop net, 
serrated core sampler and Ekman grab served for sampling of macro-invertebrates. Indices of diversity, 
evenness and richness were used to compare biotic spatial composition of the waterfall. The pH for the 
duration of the study was acidic (3.83 ± 0.67 to 5.17 ± 0.12) and salinity ranged from 0.01 ± 0.00 ppt to 0.05 
± 0.04 ppt. Temperature variation was approximately 2ºC for the duration of the study. The highest total 
hardness was 18.00 ± 1.15 mg/L. The DO decreased significantly from April to June (p < 0.05). BOD and COD 
showed minimal month dependent changes. Concentration of chloride, nitrate and sulphate increased from 
April to June. A total of 73 macroinvertebrates in 11 orders, 17 families (including 4 unidentified) and 17 
species were recovered. Neoperla sp., a stonefly was the most abundant species (23.3%), followed by 
Dystisecus marginalis (16.4%) and Caridina africana (13.7%). Simpson’s (D = 0.12629) and Gini-Simpson’s 
(1-D = 0.875371) indices indicated a high species diversity. Margalef (3.729204) and Menhinick (1.989700) 
indicated high species richness. Ezeagu waterfall was not polluted. This facilitated the thriving and 
proliferation of pollution-sensitive species, including Neoperla spp., Hydropsychid spp. and Phyllomacromia 
spp. 
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1. INTRODUCTION 

Water is the most abundant resource on planet Earth (Bwire et al., 2020). 
Clean, safe, and adequate water is vital for the survival of all living 
organisms and for the smooth functioning of ecosystems, communities, 
and economies (Matta et al., 2017). However, due to rising human 
population, industrialization, fertilizer use, and other anthropogenic 
activities, water is heavily contaminated with a variety of dangerous 
pollutants (Sharma et al., 2016). Water abstraction for domestic use, 
agricultural production, mining, industrial processes, power generation, 
and forestry practices can lead to deterioration in both water quality and 
quantity, impacting not only aquatic ecosystems but also the availability of 
safe water for human consumption (Programme, U. N. E. P. G. E. M. S., 
Gems/Water. 2008). 

Water quality is defined in terms of its chemical, physical and biological 
contents (Makinde et al., 2015). The availability of good-quality water is 
an indispensable factor in preventing diseases and improving the quality 
of life (Sharma et al., 2016). To comprehend the extent and nature of 
contamination, continuous monitoring of water quality is essential. This 
necessitates a robust monitoring system that encompasses the physical, 
chemical, and biological components of freshwater ecosystems 
(Magbanua et al., 2023). Understanding physicochemical factors can 
provide insights into the productivity of a water resource, guide the choice 
of appropriate water treatment procedures, and assess the potential for 
thriving populations of species. Recognizing the significance of 

physicochemical parameters in water, the World Health Organization 
(WHO) recommends regular monitoring to ensure they remain within 
acceptable limits (WHO. 2008). Depending on the level of contamination, 
appropriate curative or preventive measures must be implemented to 
restore water quality (Renu Nayar, 2020). 

Biological monitoring, often referred to as biomonitoring, involves 
systematically utilizing living organisms or their responses to assess the 
quality of the aquatic environment (Barbour et al., 1999). The use of 
sentinel species (bio-indicators) has been traditionally used in studies of 
bio-monitoring, including environmental risk assessment (Friberg et al., 
2011). The underlying principle of using bio-indicator species for water 
quality assessment is based on the notion that the presence of these 
organisms reflects the overall environmental health (Johnson and 
Wiederholm, 1993). 

Surface waters, including perennially flowing streams, are heavily 
stressed due to their diverse uses for water supply, agriculture, industry, 
and recreation. This extensive use renders these waters susceptible to 
contamination (Walkeret al., 2019). Ensuring safe and reliable water for 
global populations while promoting the sustainable utilization of water 
resources stands as a fundamental objective of the Millennium Sustainable 
Goals. As a consequence, water sources worldwide undergo periodic 
analysis. Waterfalls, most of which originate from streams or rivers 
cascading from high elevations over cliffs or rocks, have received minimal 
attention from researchers worldwide (Offem et al., 2012). The remote 
location of Ezeagu Waterfall in Enugu State, Nigeria, has hindered 
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comprehensive analytical investigations in that area. The present study 
seeks to determine the physicochemical and biological characteristics of 
this water body. 

2. MATERIALS AND METHODS 

2.1   Study Area and Sampling Stations 

Ezeagu Waterfall, also known as Ezeagu River, is locally referred to as 
Agada or Okpaku by the Umuagu community. It is situated in Omughu 
Obeleagu Umana, within the Ezeagu Local Government Area of Enugu 
State, Nigeria. Geographically, the waterfall lies between latitude 6°25'N 
and longitude 7°15'E (Figure 1). 

Enugu State is located in the southeastern part of Nigeria, sharing its 
borders with Abia and Imo States to the south, Ebonyi State to the east, 
Benue State to the northeast, Kogi State to the northwest, and Anambra 
State to the west. The state benefits from a favorable year-round climate 
and soil conditions, positioned at an elevation of approximately 223 

meters (73 ft.) above sea level. The soil is well-drained during the rainy 
seasons. The hottest month, February, records an average temperature of 
30.64°C (87.16°F), while the coolest temperatures occur in November, 
dipping to 15.86°C (60.54°F). The lowest rainfall, around 0.16 cubic 
centimeters (0.0098 cu in.), is typical in February, contrasting with the 
highest, 35.7 cubic centimeters (2.18 cu in.), observed in July (Okeibunor 
et al., 2013). 

Ezeagu Waterfall is a spring that spans approximately 126 meters in 
width, featuring varying depths ranging from 0.8 to 3.2 meters. It descends 
from a 23-meter-high cliff. This stream significantly contributes to the 
water supply of the Umuagu community, also serving as a tourist 
attraction and supporting agricultural and domestic uses. 

Three sampling sites, termed as Stations 1, 2, and 3, were chosen along the 
length of the waterfall, approximately 30 meters apart. These stations 
were selected based on their distinct features. Station 1 was located 
upstream, Station 3 downstream, and Station 2 in the middle of the 
waterfall, benefiting from direct sunlight penetration. 

Figure 1: Map of Enugu projecting Ezeagu Waterfall in Ezeagu Local Government Area. 

2.2 Collection, Processing, and Characterization of Water and 
Macroinvertebrate Samples 

Sampling was designed to include the early to peak periods of the rainy 
season. For three months (April to June), water samples and sediments 
were collected monthly at each sampling site. A 150 ml plastic container 
was used for collection. Prior to use, the containers underwent thorough 
cleaning with 5% nitric acid, followed by rinsing with distilled water, and 
drying to eliminate any potential impurities. This procedure adheres to the 
methods outlined by (Wangboje and Oronsaye, 2001). For sediment 
collection, an Eckman grab sampler was employed, and the collected 
sediments were then carefully placed into appropriately labeled plastic 
bags. Once collected, both water and sediment samples were transported 
to the laboratory within a 24-hour window and stored at a temperature of 
5°C before analysis. 

Water temperature was determined in situ using clinical mercury in glass 
thermometer. The depth of water at each sampling station was measured 
according to (Warner and Hughes, 1998). The monthly hydrogen ion 
concentration (pH) was determined in the field with the use of a digital pH 
meter (model EIL 3055). Dissolved oxygen (DO) was determined using the 
Winkler’s method (Boyd et al., 1979). The biochemical oxygen demand 
(BOD) was determined using the permanganate method (Chapman, 2021). 
Alkalinity and salinity were determined using the titration method. Water 
hardness was determined in the laboratory using Erichrome Black T 
indicator method. The nitrate (NO3-), sulphate (SO4) and chloride (Cl) were 

determined using the ultraviolet spectrophotometric and Mohr’s method, 
respectively (APHA. 2012).  Chemical oxygen demand (COD) was 
determined by titrimetric method 

Macroinvertebrates were collected utilizing a 0.05 μm mesh size scoop net, 
a serrated core sampler, and an Ekman grab. The kick-sweep method was 
also employed during the sampling process. This technique involves 
kicking the riverbed for three minutes, which causes organisms to be 
dislodged and trapped.  Larger stones within the sampled area were gently 
rubbed to dislodge clinging organisms, enabling them to be swept into the 
net. Quantitative sampling was carried out using a serrated core sampler. 
The mesh net containing the collected samples was then inverted and 
gently shaken within a plastic container filled with water, helping to 
separate leaves, rocks, and other debris from the collected organisms. The 
serrated core sampler was emptied out into containers for sorting. Sorting 
was done in the laboratory.  The macroinvertebrates were preserved in a 
70% ethyl alcohol. Identification was by means of a dichotomous key by 
(Umar et al., 2015). 

3. DATA ANALYSIS 

Data was analyzed using Statistical Package for Social Sciences (SPSS) 
version 20 (IBM Corp., Amonk, New York) and Microsoft Office Excel 
(Microsoft Inc., Redmond, USA). Two-way analysis of variance (ANOVA) 
was used to compare physicochemical parameters between the stations 
and the months. Percentage abundance, diversity, evenness, and richness 
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indices were calculated. Simpson’s index, Gini-Simpson, Reciprocal 
Simpson, Shannon-Wiener diversity index, Modified Shannon-Wienner 
index, Berger-Parker index, McIntosh index, Margalef index, Menhinick 
index, Hill’s family of numbers (N0, N1 and N2), Sheldon’s index, Heip 
index, Pielo’s index and Simpson’s index of evenness were all calculated 
according to the formulae listed by (Ludwig and Reynolds,1988; Krebs, 
2014).  P ≤ 0.05 was considered as significant 

4. RESULTS

4.1   Physicochemical Characteristics of Ezeagu Waterfall 

The overall physicochemical characteristic of Ezeagu Waterfall at the three 
sampled locations during the study is presented in Table 1. 

Table 1: Physicochemical properties of Ezeagu Waterfall, Enugu State, Nigeria 

Physicochemical Station 1 Station 2 Station 3 

Mean ± SD CV (%) Mean ± SD CV (%) Mean ± SD CV (%) 

Depth (m) 0.80 ± 0.10 13.06 1.11 ± 0.31 27.63 1.07 ± 0.40 37.35 

Temp. (ºC) 28.44 ± 0.73 2.55 28.28 ± 0.44 1.56 27.89 ± 1.05 3.78 

pH 4.48 ± 0.50 11.21 4.50 ± 0.58 12.91 4.57 ± 0.60 13.14 

Salinity (PPt x 10-6 µgL-1) 0.03 ± 0.04 134.49 0.02 ± 0.00 18.49 0.02 ± 0.01 32.26 

Total Hardness (mgL-1) 11.33 ± 5.83 51.45 8.22 ± 4.18 50.80 10.22 ± 4.06 39.67 

Alkalinity (mgL-1) 39.10 ± 4.62 11.81 40.22 ± 5.79 14.40 40.57 ± 5.29 13.04 

DO (mgL-1) 5.90 ± 0.89 15.10 5.87 ± 0.93 15.88 6.23 ± 1.14 18.27 

BOD (mgL-1) 3.43 ± 0.19 5.41 3.76 ± 0.40 10.66 3.71 ± 0.47 12.74 

COD (mgL-1) 23.85 ± 0.98 4.11 24.25 ± 0.59 2.43 24.83 ± 1.26 5.08 

Chloride (mgL-1) 22.55 ± 1.18 5.21 22.81 ± 1.36 5.95 22.96 ± 1.02 4.45 

Sulphate (mgL-1) 0.48 ± 0.26 54.57 0.48 ± 0.27 56.17 0.52 ± 0.30 57.93 

Nitrate (mgL-1) 0.13 ± 0.02 11.91 0.15 ± 0.03 20.67 0.14 ± 0.02 14.97 

Variation observed in the physicochemical characteristics of Ezeagu 
Waterfall during the study was dependent on the sampled station, and the 
month samples were collected. Significant variations were observed 
between the stations for some of the parameters, while some were 
virtually unchanged. Significant variations from month to month were also 
observed for some of the parameters. There was approximately 2 ºC 
variation in the temperature of the water for the duration of the study. The 

peak temperature observed for the duration of the study was 29ºC in May 
and the least was 26.67 ºC (± 0.33) in June. Temperature decreased in 
stations 1 and 3 between April and June. The depth of the water at the 
sampling points ranged from 0.70 ± 0.18 m to 1.35 ± 0.26 m. Water depth 
varied significantly in April (p < 0.05). Salinity of Ezeagu Waterfall ranged 
from 0.01 ppt in May to 0.05 ± 0.04 ppt in June. Salinity of Ezeagu Waterfall 
only changed slightly between April and June (Table 2). 

Table 2: Monthly physical properties of Ezeagu Waterfall for the duration of the study 

STATION APRIL MAY JUNE 

Temperature (ºC) 

1 28.67 ± 0.33a2 29.00 ± 0.00a2 27.67 ± 0.33a1 

2 28.33 ± 0.33a1 28.33 ± 0.33a1 28.17 ± 0.17a1 

3 28.67 ± 0.33a2 28.33 ± 0.33a2 26.67 ± 0.33b1 

Depth (m) 

1 0.75 ± 0.01c1 0.81 ± 0.10a1 0.83 ± 0.05a1 

2 1.38 ± 0.00a1 1.01 ± 0.25a1 0.92 ± 0.06 a1 

3 1.16 ± 0.00b1 0.70 ± 0.18a1 1.35 ± 0.26a1 

Salinity(PPt x 10-6 µgL-1) 

1 0.05 ± 0.04a1 0.01 ± 0.00a1 0.02 ± 0.00a1 

2 0.02 ±0.00a1 0.01 ± 0.00a1 0.02 ± 0.00a1 

3 0.02 ± 0.00a1 0.01 ± 0.00a1 0.02 ± 0.00a1 

Values as mean ± S.E. Values with different alphabet superscript in a column for each parameter were significantly different at p < 0.05. 

At all the stations pH for the duration of the study was acidic (3.73 ± 0.67 
to 5.17 ± 0.12). pH between the three sampled stations only differed 
significantly in April (p < 0.05). The pH at stations 2 and 3 decreased 
significantly in June compared to April and May. At station 2, the pH 
decreased from 4.90 ± 0.58 in April and 4.87 ± 0.03 in May to 3.73 ± 0.67 
in June. Similarly, at station 3, the pH decreased from 4.70 ± 0.57 in April 
and 5.17 ± 0.12 in May to 3.83 ± 0.67 in June. The alkalinity of Ezeagu 
Waterfall ranged from a maximum of 46.18 ± 1.18 mgL-1 at station 3 to a 
minimum of 33.13 ± 1.12 mgL-1 at station 2. The alkalinity of the water 
body decreased from April to June. The decrease was significant between 
April and June at all the stations (p < 0.05). Alkalinity of Ezeagu Waterfall 
was never significantly different between the stations for the months of 
the study. Ezeagu Waterfall generally had low total hardness values. The 
highest total hardness value was 18.00 ± 1.15 mgL-1. At station 1, total 
hardness of the water increased from 10.00 ± 2.31 in April to 18.00 ± 1.15 
mgL-1 in May, and decreased to 6.00 ± 1.15 mgL-1 in June (p < 0.05). The 
Biological Oxygen Demand (BOD) of the water was between 3.28 ± 0.06 
mgL-1 and 4.03 ± 0.19 mgL-1 for the duration of the study. No significant 
variation occurred in the BOD between the stations. The COD of Ezeagu 
Waterfall ranged from 23.70 ± 0.58 mgL-1 to 26.12 ± 0.15 mgL-1 for the 
duration of the study. In the month of April, the COD of station 3 was 
significantly higher than station 1 and station 2 values. With the exception 
of station 3, there were no significant variations in the values of COD 
between any two months. In station 3, the COD decreased significantly 
from 26.12 ± 0.15 mgL-1 in April to 23.59 ± 0.42 mgL-1 in May. The 
Dissolved oxygen (DO) in Ezeagu Waterfall for the duration of the study 

ranged from 4.83 ± 0.19 to 7.37 ± 0.30. The values of DO decreased 
significantly from April to June in stations 1 (6.61 ± 0.06 to 4.97 ± 0.48), 
station 2 (6.70 ± 0.46 to 4.83 ± 0.19) and station 3 (7.37 ± 0.30 to 4.90 ± 
0.15). No significant difference was observed in the DO values between 
any two stations (Table 3). 

4.2   Variations in the Nutrient Composition of Ezeagu Waterfall 

The maximum and minimum concentration of chloride in Ezeagu 
Waterfall was 23.31 ± 1.38 mgL-1 and 21.80 ± 0.60 mgL-1 respectively. 
Chloride concentration only increased progressively from April (22.19 ± 
0.44 mgL-1) through May (22.77 ± 0.62 mgL-1) to June (23.93 ± 0.18 mgL-1) 
in station 3. The difference between chloride concentration in April and 
June for station 3 was significant (p < 0.05). Difference in the concentration 
of chloride between the stations was noticed only in June where the 
chloride concentration of station 3 was significantly higher than that of 
station 2 (p < 0.05). The concentration of sulphate at the stations ranged 
between 0.12 ± 0.00 mgL-1 to 0.74 ± 0.02 mgL-1. Sulphate concentration 
increased significantly from April through May to June in all the stations. 
Significant difference in sulphate concentrations between the stations was 
observed only in June: the concentration of sulphate in station 3 was 
significantly higher than other stations. The nitrate concentrations at the 
three stations were never significantly different from each other for the 
three months of the study. Though at station 2 significant difference was 
observed between April and June nitrate concentrations where the level 
increased from April to June (Table 4). 
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Table 3: Monthly chemical/Inorganic properties of Ezeagu waterfall 

STATION APRIL MAY JUNE 

pH 

1 4.63 ± 0.67b1 4.80 ± 0.15a1 4.00 ± 0.36a1 

2 4.90 ± 0.58a2 4.87 ± 0.03a2 3.73 ± 0.67a1 

3 4.70 ±  0.57ab2 5.17 ± 0.12a3 3.83 ± 0.67a1 

Alkalinity (mgL-1) 

1 42.41± 0.81a2 41.41 ± 0.96a2 33.49 ± 1.72a1 

2 45.15 ± 1.77a2 42.39 ± 0.82a2 33. 13 ± 1.12a1 

3 46.18 ± 1.18a3 40.90 ± 0.62a2 34.64 ± 1.48a1 

Total Hardness (mgL-1) 

1 10.00 ± 2.31a1 18.00 ± 1.15a2 6.00 ± 1.15a1 

2 9.33 ± 3.53a1 10.67 ± 0.67c1 4.67 ± 0.67a1 

3 10.00 ± 1.15a2 14.67 ± 0.67b3 6.00 ± 1.15a1 

BOD (mgL-1) 

1 3.28 ± 0.06a1 3.43 ± 0.12a1 3.57 ± 0.89a1 

2 4.03 ± 0.19a1 3.80 ± 0.12a1 3.43 ± 0.27a1 

3 3.93 ± 0.48a1 3.73 ± 0.07a1 3.47 ± 0.89a1 

COD (mgL-1) 

1 23.93 ± 0.69b1 23.70 ± 0.58a1 23.92 ± 0.67a1 

2 24.40 ± 0.27b1 23.89 ±0.17a1 24.45 ± 0.51a1 

3 26.12 ± 0.15a2 23.59 ± 0.42a1 24.78 ± 0.56a12 

DO (mgL-1) 

1 6.61 ± 0.06a2 6.13 ± 0.33a12 4.97 ± 0.48a1 

2 6.70 ± 0.46a2 6.07 ± 0.09a2 4.83 ± 0.19a1 

3 7.37 ± 0.30a3 6.47 ± 0.13a2 4.90 ± 0.15a1 

BOD = Biological Oxygen Demand; COD = Chemical Oxygen Demand; DO = Dissolved Oxygen; Values as mean ± S.E. Values with different alphabet 
superscript in a column for each parameter were significantly different at p < 0.05. 

Table 4: Monthly nutrient (anion) properties of Ezeagu Waterfall for the duration of the study 

STATION APRIL MAY JUNE 

Chloride (mgL-1) 

1 22.97 ± 0.80a1 21.80 ± 0.60a1 22.89 ± 0.64ab1 

2 23.04 ± 0.29a1 23.31 ± 1.38a1 22.06 ± 0.19b1 

3 22.19 ± 0.44a1 22.77 ± 0.62a12 23.93 ± 0.18a2 

Sulphate (mgL-1) 

1 0.14 ± 0.17a1 0.17 ± 0.05a2 0.60 ± 0.01c3 

2 0.12 ± 0.00a1 0.63 ± 0.02a2 0.69 ± 0.02b3 

3 0.12 ± 0.00a1 0.69 ± 0.00a2 0.74 ± 0.02a3 

Nitrate (mgL-1) 

1 0.12 ± 0.00a1 0.12 ± 0.01a1 0.14 ± 0.01a1 

2 0.12 ± 0.00a1 0.14 ± 0.01a12 0.18 ± 0.02a2 

3 0.12 ± 0.00a1 0.14 ± 0.01a1 0.15 ± 0.01a1 

Values as mean ± S.E. Values with different alphabet superscript in a column were significantly different at p < 0.05f 

The bivariate Spearman’s correlation of the physicochemical 
characteristics of Ezeagu Waterfall is presented as Figure 2. There were 
multiple significant bivariate relationships between variables. Nitrate 

concentration decreased as the water temperature, DO, total hardness and 
alkalinity increased. Total hardness, temperature, DO and alkalinity hard 
a positive relationship with pH. 

Figure 2: Bivariate correlation of physicochemical characteristic of Ezeagu Waterfall, Enugu State, Nigeria. 
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The multi-dimensional physicochemical relationships necessitated a 
principal component analysis (PCA). PCA reduced the dimensions into 
four principal components (PCs) which cumulatively explained76.9% of 
total variations in physicochemical characteristics of the waterfall in the 
period studied. In the first PC, which explained 38.7% of variance, 

alkalinity, sulphate, and DO loaded strongly (r ≥ 0.75), while temperature 
and pH loaded moderately (0.75 ≥ r ≥ 0.50). Two variables loaded strongly 
in the second PC, total hardness and salinity, while pH and nitrate loaded 
moderately. In the third and fourth PCs, COD and chloride loaded strongly 
respectively (Table 5). 

Table 5: Varimax rotated principal component matrix of physicochemical parameters of Ezeagu Waterfall 

Principal component (PC)* 

1 2 3 4 

Alkalinity 0.862 0.366 0.160 

Sulphate -0.853 0.190 -0.284 

DO 0.809 0.309 0.151 

Temp 0.617 0.362 -0.219 -0.461 

Total hardness 0.103 0.888 -0.111 

Salinity -0.242 -0.817 0.104 0.200 

pH 0.613 0.661 -0.173 

Nitrate -0.403 -0.518 -0.517 

COD -0.156 0.939 

BOD 0.300 0.205 0.393 0.364 

Chloride -0.102 -0.106 0.892 

Depth 0.216 -0.440 0.317 0.537 

Eigenvalues 4.649 2.376 1.161 1.042 

Proportion (%) 38.742 19.800 9.674 8.686 

Cum. Proportion (%) 38.742 58.542 68.216 76.902 

*Values of 0.10 and below were excluded.

4.3   Macroinvertebrates Species and Abundance in Ezeagu Waterfall 

A total of 73 macro-invertebrates in 11 orders (Coleopterans, Decapoda, 
Hemiptera, Odanata, Plecoptera, Trichoptera, Ephemeroptera, Araneae, 
Isoptera, Blatodea and Magadrilacea), 17 families including 4 unidentified 
(Dysticidae, Hydraenidae, Aeshinidae, Nepidae, Corixidae, Atyidae, 

Astacidae, Libellulidae, Macromiidae, Perlidae, Baetidae, Blaberidae and 
Hydropsychidae); and 17 species were collected from the waterfall. The 
species include Astacopsis sp., Dystiscus marginalis, Caridina africana, 
Ranatra linearis, Corixa punctuata and Acisoma sp.  

(Table 6, Figure 3). 

Table 6: Species composition and percentage abundance of Macro-invertebrates in Ezeagu Waterfall 

Station 1 Station 2 Station 3 Total 

Order Family Species No. (%) No. (%) No. (%) No. (%) 

Coleoptera Dysticidae Dystiscus marginalis 4 (18.2) 2 (22.2) 6 (14.3) 12 (16.4) 

Hydraenidae * - - 1 (2.4) 1 (1.4) 

Decapoda Atyidae Caridina africana 3 (13.6) 1 (11.1) 6 (14.3) 10 (13.7) 

Astacidae Astacopsis sp. 4 (18.2) - 2 (4.8) 6 (8.2) 

Hemiptera Nepidae Ranatra linearis 1 (4.6) - - 1 (1.4) 

Corixidae Corixa punctuata 2 (9.1) - - 2 (2.7) 

Odonata 

(Dragon fly) 
Libellulidae Acisoma sp. 2 (9.1) 1 (11.1) 5 (11.9) 8 (11.0) 

Macromiidae Phyllomacromia sp. - 1 (11.1) - 1 (1.4) 

Aeshinidae Aeshna sp. - - 2 (4.8) 2 (2.7) 

Plecoptera 

(Stone fly) 
Perlidae Neoperla sp. 4 (18.2) 1 (11.1) 12 (28.6) 17 (23.3) 

Trichoptera 

(Caddis fly) 
Hydropsychidae Hydropsychid sp. 1 (11.1) 1 (2.4) 2 (2.7) 

Ephemeroptera (Mayfly) Baetidae Baetis alpines - - 3 (7.1) 3 (4.1) 

Araneae (Spider) * * 1 (4.6) - 2 (4.8) 3 (4.1) 

Magadrilacea 

(Earthworm) 
* * - 1 (11.1) - 1 (1.4) 

Isoptera (Termite) * * - - 1 (2.4) 1 (1.4) 

Blatodea 

(Cockroach-like) 

Blaberidae 
* 1 (4.6) - - 1 (1.4) 

Unidentified * * - 1 (11.1) 1 (2.4) 2 (2.7) 

TOTAL 22 (30.1) 9 (12.3) 42 (57.5) 73 (100) 

*Species or families unidentified
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The most represented Order was Coleoptera with 3 families; while 
Dysticidae was the family with the highest numbers of species 
representation at Ezeagu Waterfall. The species with the highest 
abundance was Neoperla sp. (23.3%) followed by D. marginalis (16.4%) 
and Caridina africana (13.7%). The least abundant species were R. linearis, 
Phyllomacromia sp., and the unidentified species under Hydraenidae, 

Magadrilacea, Isoptera and Blatodae (1.4%). In station 1, the most 
abundant species were D. marginalis (18.2%), Astacopsis sp. (18.2%) and 
Neoperla sp. (18.2%). In station 2 there was almost a uniform abundance 
of species; out of the 8 species found in that location, 7 had 11.1% 
abundance, and only D. marginalis had 22.2% abundance. Neoperla sp. was 
the most abundant species (28.6%) in station 3. 

a. Hydropsychids b. Neoperla sp. c. Astacopsis sp. d. Caridina africana 

e. Aeshna spp. f. Ranatra linearis g. Acisoma sp. h. Unidentified 

i. Corixa puntuata j. Dystiscus marginalis 
k. Phyllom acromia sp. 

l. Spider 

Figure 3 (a-l): Macroinvertebrates species found in Ezeagu waterfall.

4.4   Diversity, Evenness and Richness Indices of Ezeagu Waterfall 

The Simpson’s and Gini-Simpson’s indices for station 1 (0.140496 and 
0.859504), station 2 (0.13502 and 0.864198), station 3 (0.150794 and 
0.849206) and overall (0.12629 and 0.875371) indicates a high species 
abundance (Table 7). From the reciprocal Simpson’s index (equivalent to 
Hill’s N2), there were approximately 7 very highly abundant species in 
station 1 (N2 = 7.117647), 7 very highly abundant species in station 2 (N2 
= 7.363636), 7 very highly abundant species in stations 3 (N2 = 6.631579) 
and 8 very highly abundant species overall in Ezeagu Waterfall (N2 = 

7.918276). There were eight highly abundant species according to Hill’s 
N1 in station 1 (N1 = 7.838465), eight in station 2 (N1 = 7.715185), nine 
in station 3 (N1 = 8.556323), and eleven overall in Ezeagu Waterfall (N1 = 
10.64785).  Station 2 from Simpson’s (E = 0.920455), Sheldon’s (E = 
0.857243), Hill’s (E = 0.954434) and Heip’s (E = 0.839398) indices had the 
highest species evenness. Margalef and Menhinick’s indices ascribed 
respectively 2.588124 and 1.918806 to station 1; 3.185837 and 2.66667 
to station 2, and 2.94301 and 1.85164 to station 3. Thus, the species 
richness of the stations according to these indices was in the order: Station 
2 > Station 3 > Station 1. 
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Table 7: Diversity, evenness and richness indices of Ezeagu Waterfall 

Diversity indices Station 1 Station 2 Station 3 Total 

Simpson(D) 0.140496 0.135020 0.150794 0.126290 

Gini Simpson (1-D) 0.859504 0.864198 0.849206 0.875371 

Reciprocal Simpson (1/D) 7.117647 7.363636 6.631579 7.918276 

Shannon-Wiener (H) 2.059044 2.043192 2.146672 2.365359 

Modified Shannon Wiener (m. H) 3.214025 2.987936 2.425125 3.727002 

Berger-Parker 0.181818 0.222222 0.142857 0.232877 

McIntosh 0.794576 0.947229 0.723283 0.730076 

Hill’s (N1) 7.838465 7.715185 8.556323 10.647850 

Evenness (E) 

Simpson’s evenness 0.790850 0.920455 0.552632 0.465781 

Pielo’s 0.666132 0.298960 0.574334 0.551306 

Sheldon’s 0.356294 0.857243 0.203722 0.145861 

Heip’s 0.325641 0.839398 0.184301 0.133998 

Hill’s 0.908041 0.954434 0.775050 0.743650 

Mod. Hill 0.894594 0.947649 0.745280 0.717080 

Richness 

Margalef 2.588124 3.185837 2.94301 3.729204 

Menhinick 1.918806 2.666667 1.85164 1.989700 

Sample size (N) 22 8 42 73 

Species (S) 9 9 12 17 

5. DISCUSSION

The physicochemical parameters of Ezeagu Waterfall displayed 
fluctuations in the levels of both physical and chemical attributes of the 
water between April and June. These fluctuations were characterized by 
both increases and decreases. The water quality parameters, temperature 
have considerable impacts on the aquatic ecosystem species (Meshesha et 
al., 2020). Minimum and maximum temperatures of 25.00°C and 35.50°C, 
respectively are typical of tropical waters and are essential for the proper 
growth of aquatic organisms (Oboh and Agbala, 2017). In the case of 
Ezeagu Waterfall, the temperature exhibited a consistent decrease from 
April to June (28.67°C ± 0.33 to 26.67°C ± 0.33). This temperature 
variation is likely attributed to fluctuations in solar radiation intensity, 
coupled with increased water volume and current due to the transition 
from the late dry/early rainy season in April to the fully rainy season in 
June. The mean water temperature observed during the study period 
remained within the standard permissible limits set by (Beszczynska-
Möller et al., 2012). Comparable temperature observations have been 
documented for rivers in Nigeria  as well as in other regions (Atobatele 
and Ugwumba, 2008; Adesakin et al., 2020; Vijayakumar et al., 2014).  

The pH levels observed at the sampled stations exhibited a shift towards 
acidity from April to June (ranging from 3.73 ± 0.67 to 5.17 ± 0.12). This 
trend coincided with the transition from the dry to the rainy season. The 
pH of water depend on the geology and soils of the area (Numbere, 2017). 
The increased acidity can be attributed to the influx of organic matter 
carried by rainfall during the peak wet season, resulting in runoff. A 
decrease in dissolved oxygen levels and a dip in pH are the end results of 
this runoff's contribution to the utilization of organic material through 
dehydration.  However, the pH values determined in this study fell outside 
the range of surface water quality standards outlined by previous 
literature (Saalidong et al., 2022). This observation is consistent with the 
pH values reported in similar research conducted in Opi Lake (Onah et al., 
2022). Moreover, it supports the assertion from the (UNEP GEMS/Water 
Programme, 2008) that rainfall naturally introduces acidity due to the 
dissolution of CO2. The substantial presence of dense vegetation in the 
vicinity may have contributed to the accumulation of organic materials 
that subsequently decomposed, further contributing to the observed 
acidic pH. Additionally, the underlying composition of the water body's 
base, whether stony or sandy, could account for variations in buffering 
capacity. As a result, station 1, with a stony base, exhibited higher pH 
levels, while the sandy nature of station 3 might have contributed to the 
observed lower pH levels. 

The levels of both BOD and COD remained relatively consistent across all 
sampled stations throughout the study duration. The biochemical oxygen 
demand was very low during this study.  Specifically, BOD values below 6 
mgL-1 indicate a lower presence of organic pollutants and suggest a water 
environment conducive to supporting aquatic life (Oluyemi et al., 2011). 
The BOD values observed at the waterfall fell within the recommended 

range for surface water quality. Hence, Ezeagu waterfall is therefore 
suitable for drinking. The water's hardness gives an indicator of its 
capacity to withstand high soap concentration. The concentration of the 
total hardness is far lower than the permissible level of 150mg/l. Similarly, 
low values of water hardness were recorded in a study conducted in 
Sagbama Creek Niger Delta Nigeria (Seiyaboh et al., 2017).   

The levels of dissolved oxygen (DO) were consistently low. Notably, these 
levels were even lower at the peak of the rainy season in June, which 
contradicts findings from other researcher (Ryan et al., 2020), who 
reported higher dissolved oxygen during the rainy season. Similar results 
were documented in previous works (Adedeji et al., 2019; Adedayo, 2016), 
demonstrating comparable dissolved oxygen values. This decrease in 
dissolved oxygen could be attributed to excessive algae and phytoplankton 
growth driven by high levels of phosphorus and nitrogen (Woldeab et al., 
2023). This decomposition can lead to an increase in the composition of 
algae and other microorganisms in the water, which subsequently 
contributes to oxygen depletion (Programme, U. N. E. P. G. E. M. S., 
Gems/Water. 2008). Moreover, the level of pH in the water body 
influences dissolved oxygen levels, impacting both respiration and 
photosynthesis processes. Despite these fluctuations, the recorded ranges 
of dissolved oxygen remained within the minimum recommended values. 

Nutrient levels varied noticeably over the course of the study. Nitrate is an 
essential nutrient for the growth of phytoplankton. Remarkably, the levels 
of nitrate were consistently low. This pattern of low nitrate values aligns 
with findings from other researchers (Woldeab et al., 2023), who recorded 
similarly low values. They reported the lowest nitrate concentration of 
0.26 ± 0.015 mgL-1 in the rainy month of July and the highest value of 4.15 
± 0.127 mgL-1 in the dry month of February. The minimal variation in 
nitrate concentration observed in our study could potentially be 
attributed to different hydrogeological regimes. In June, downstream at 
station 3 exhibited higher chloride and sulfate concentrations. Chloride 
levels progressively increased from April to June at station 3, while sulfate 
showed consistent increases across all stations. High concentration of 
chloride from this study could be due to uses of chlorine as a disinfectant 
in water purification (Adesakin et al., 2020). Importantly, the recorded 
chloride ranges from surface water samples fell within the stipulated 
limits set by the WHO for potable water quality. Nutrient content in rivers 
is influenced by factors like flow intensity, changing sources, and water 
conditions. This study revealed a low mean sulphate values from surface 
water sources and were within the WHO and SON stipulated limits of 250 
mgL-1. The low concentration of sulphate could be due to the absence of 
anthropogenic activities that influence the concentration in water bodies 
(Adesakin et al., 2020). The variability in sulfate levels may stem from 
multiple sources, including decomposition of organic matter, rain-induced 
organic material inflow, and shifts in water characteristics. The reasons 
for chloride fluctuations, however, appear less distinct compared to 
sulfate. 
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Macroinvertebrates serve as crucial indicators in ecological assessments 
of aquatic ecosystems since the composition and richness of their 
communities provide insights into environmental and anthropogenic 
changes (Brantschen et al., 2022). Most of the macroinvertebrates 
identified in this study are found throughout Nigeria (Onah et al., 2022; 
Arimoro and Keke, 2017; Arimoro et al., 2015). The moderate species 
diversity in the river can be attributed to specific physicochemical 
conditions, such as low pH and low dissolved oxygen (DO). Additionally, 
the moderate abundance (number of individuals) and diversity of benthic 
invertebrates documented in this study could be linked to the 
heterogeneous nature of the vegetation within the littoral zone of the 
study stations. This diverse vegetation likely provided a suitable habitat 
for a wide range of benthic fauna (Arimoro and  Keke,  2017). Aquatic 
insects were the predominant benthic macroinvertebrates in the Ezeagu 
Waterfall. Regarding the taxonomic distribution of macro-invertebrates, 
Plecopterans were the most dominant, followed by Decapods and 
Coleopterans. This differs from findings in previous research works  who 
reported Odonata, Trichoptera, and Diptera as the most abundant in 
southeastern and southern Nigerian water bodies (Adedeji et al., 2019; 
Ezenwa et al., 2023; Olomukoro, and Ezemonye, 2007). Plecopterans have 
a reputation for living in clean, well-oxygenated, little-polluted 
environments at fairly cool temperatures (Saal et al., 2021). Also, the 
abundance of Coleoptera in most of the stations is an indication that these 
sites are relatively free from gross pollution (Arimoro and  Keke, 2017). 
Neoperla species stood out as the dominant species occurring in all three 
stations. Stoneflies like Neoperla are reliable indicators of water pollution 
levels due to their sensitivity to oxygen content (Myers et al., 2011). This 
is because their gills are located along the body, effectuating this family's 
dependence on high dissolved oxygen in the water to respire (Ab Hamid 
and Md Rawi, 2017). Their absence in highly polluted, oxygen-depleted 
waters suggests that Ezeagu Waterfall was unpolluted during the study. A 
few species from the Odonata and Ephemeroptera orders, indicative of 
clean water quality, were also present. The presence of Coleoptera in an 
aquatic system, along with other less tolerant species such as 
Ephemeroptera, Plecoptera, Tricoptera, and Odonata has been observed 
to reflect clean water conditions (Miserendino  and Pizzolon, 2003).  

6. CONCLUSION 

The macro-invertebrate diversity of Ezeagu Waterfall and its 
physicochemical characteristics are indicative of clean water or, 
reservedly, minutely contaminated water. Therefore, the water is 
favorable to macroinvertebrates. Its high acidity, however, may reduce its 
usefulness to human. 
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