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ABSTRACT: The objective of this paper was to investigate the physicochemical properties of surface water, 

heavy metals levels in sediments and macrobenthic invertebrate community of the Ikpoba River, Benin City, Edo 

State, Nigeria using appropriate standard methods. Data obtained show that the pH in the surface water ranged 

between 4.30 and 8.90 with a mean of 5.23. There was no significant difference (p > 0.05) in the physicochemical 
properties of surface water across the three stations. The mean values of heavy metals for iron, zinc, copper, lead and 

cadmium in sediments ranged from 22.30 - 45.30, 8.46 - 27.10, 1.80 - 12.40, 0.01 - 4.75 and 0.00 - 1.15 mg/l with a 

mean of 32.71±2, 17.62±1, 7.24±1, 1.29±01 and 0.17±0.1 mg/l respectively. However, metals such as iron, zinc, 
copper and lead were above the recommended limit for freshwater ecosystems. A total of 482 individual 

macrobenthic organisms were recorded in the study. The benthic organisms were dominated by the orders 

Ephemeroptera (23.03%), Diptera (22.61%), Hemiptera (18.26%) and Odonata (17.01%) with Baetis sp (6.02%), 
Velia sp (5.60%), Heptagenia sp (5.39%) and Lestes sp (4.36%) as the major representative species. For the 

biological indices, station 1 had the highest diversity, species richness and evenness. Station 3 had the lowest 

diversity and richness while the lowest species evenness was recorded in station 2. A weak correlation between the 
physicochemical parameters and the macroinvertebrate fauna was recorded. The calculated EPT Index for the 

macrobenthic fauna was 31.67 % indicating a fairly polluted river. 
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There is a growing concern about the degradation of 

freshwater ecosystems and a possible global 

biodiversity crisis arising from the rapidly 

accelerating loss of species and natural habitats, 

particularly tropical rainforests and aquatic 

ecosystems due to population growth, urbanization 

and industrialization (Egborge, 1981; Ekperusi et al., 

2022; Nwerem et al., 2023). It has also been 

estimated that more than half of the habitable surface 

of the planet has already been altered by human 

activity (Hengeveld, 1990). These concerns stem 

from the realization that our knowledge of the 

diversity and variability of plants, animals, 

microorganisms and the ecosystems in which they 

occur is incomplete (Egborge, 1981; Olomukoro and 

Ezemonye, 2007). Freshwater ecosystems play a vital 

role in the socio-economic development of every 

nation. Nigeria is rapidly turning to industrialization 

with increased demand for freshwater resources. 

Consequently, the degradation of water bodies 
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necessitates regular assessment and management of 

aquatic resources (Egborge, 1981; Olomukoro and 

Ezemonye, 2007; Arimoro and Muller, 2010; 

Ekperusi et al., 2022; Nwerem et al., 2023). 

Invertebrate communities change in response to 

changes in physicochemical factors and available 

habitats (de Alba-Guzmán et al., 2024). The biotic 

structure and water quality of streams and rivers 

reflect an integration of the physical, chemical and 

anthropogenic processes occurring in a catchment 

area (Olomukoro and Ezemonye, 2007; Ekperusi et 

al., 2022). Human-induced hydrological changes, 

physical disturbances and point and non-point sources 

of pollution are examples of processes responsible for 

a broad-scale deterioration of lotic ecosystems 

(Chatzinikolaou et al., 2006; Ekperusi et al., 2022; 

Alum et al., 2023). 

 

Macroinvertebrate organisms form an integral part of 

an aquatic environment and are of ecological 

importance as they maintain various levels of 

interaction between the community and the 

environment (Anderson and Sedel, 1979; Ekperusi et 

al., 2022). According to Marques et al. (2003), the 

knowledge of the structure of the benthic 

macroinvertebrate community provides precise and 

local information on recent events. Benthic 

macroinvertebrates are bioindicators of the overall 

biodiversity in aquatic ecosystems (Chatzinikolaou et 

al., 2006; Alum et al., 2023). Macrobenthic 

invertebrates form the basis of the trophic level and 

any negative effects caused by pollution in the 

community structure can affect trophic relationships 

(Sharma and Chowdhary, 2011). The abundance of 

benthic fauna greatly depends on the physical and 

chemical properties of the substratum. Their 

taxonomic diversity has allowed aquatic 

macroinvertebrates to adapt to environmental 

conditions and factors. The type of river habitat being 

studied can be used to predict the traits of 

macroinvertebrates within them, as well as the 

taxonomic composition present. Factors such as pH, 

elevation, water depth, and substrate type affect how 

organisms adapt to their aquatic habitats (Demars et 

al., 2012; Alum et al., 2023). Benthic species perform 

a variety of functions in freshwater food webs. They 

provide essential ecosystem services by accelerating 

detrital decomposition (van de Bund et al., 1994, 

Wallace and Webster, 1996). 

 

Over the last five decades, there has been a 

considerable effort to document the ecology, 

composition, spatial distribution and diversity of 

macrobenthic invertebrate communities of Nigerian 

inland waters (Egborge, 1972; Bidwell and Clarke, 

1977; Ogbeibu and Victor, 1989; Olomukoro and 

Ezemonye, 2000; Arimoro and Muller, 2010; Eze et 

al., 2021; Ekperusi et al., 2022; Iyama and Edori, 

2023; Alum et al., 2023) across the different 

ecological zones to understand the water and 

sediment quality and ecological status of freshwater 

ecosystems and the anthropic pressures originating 

from municipal, industrial, agricultural and 

recreational areas for effective water resources 

management (Adakole and Annune, 2003; Ekperusi 

et al, 2022). The objective of this paper was to 

investigate the physicochemical properties of surface 

water, heavy metals levels in sediments and 

macrobenthic invertebrate community of the Ikpoba 

River, Benin City, Edo State, Nigeria. 

 

MATERIALS AND METHOD 
Study Area: The study was carried out at the 

Ekosodin community section of Ikpoba River, Benin 

City. The area lies within the geographical 

coordinates of latitude 06˚24'41" N and longitude 

005˚38'34" E with an elevation of 21 metres above 

sea level (Figure 1). The topography of the area is 

lowland with compact red laterite which is often 

flooded and washed into the river during heavy rains. 

The area has a humid tropical climate characterized 

by two distinct conditions of wet and dry seasons. 

The wet season covers April to October with a short 

break in August and the dry season is from November 

to March with a cold harmattan from December to 

January. The annual rainfall averages 250 cm. The 

daily temperature is relatively high and normally 

ranges from 24 - 36 ℃ with high relative humidity 

due to the high rainfall. The area is dominated by a 

dense evergreen and luxuriant cover of deciduous 

trees such as rubber plants, bamboo and oil palms. 

Farming of cash crops, petty trading and fishing are 

the mainstay of the people in the area and the major 

agricultural products are cassava, oil palm, yam, 

cocoyam, plantain and vegetables. Other domestic 

use of the river includes washing clothes and 

traditional religious worship. 

 

Sampling Stations: Three sampling stations were 

selected along the river for the study. Station 1 is 

located upstream of the river (06˚24'48.24" N and 

005˚38'39.55" E). It is surrounded by a thick cover of 

forest with limited human activities. The vegetation 

includes bamboo (Bambusa bambusa), water lily 

(Nymphae lotus), fern (Cyclosorus sp) and duck 

potato (Saggitaria sp.). Station 2 is the mid-stream 

(06˚24'41.04" N and longitude 005˚38'34.66" E) and 

is more exposed to communal activities such as 

washing of clothes, traditional and religious activities 

from the inhabitants of the area with increased 

sunlight penetrating the water. The vegetation is 

mainly essential plants like castor oil (Ricinus 

communis), rubber plants (Hevea brasiliensis), orchid 

trees (Bauchinia monadra) and Raphia palm (Raphia 

hookeni). Station 3 is located under the bridge 

(06˚24'29.50" N and 005˚38'34.22" E) that links the 

community to the main campus of the University of 

Benin. The dominant vegetation of this station 

includes oil palms (Eliaes guineensis), bamboo 
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(Bambusa bambusa), rubber (Hevea brasiliensis) and 

rubi plants (Hallea ciliata). 

 

Sample Collection: Surface water and sediment 

sampling was carried out for eight months period. 

Samples were collected between 09:00 to 12:00 hours 

on each sampling day. Surface water samples for 

physicochemical analysis were collected into 

thoroughly rinsed 2 litres sampling bottles and tightly 

closed, while sediment samples for heavy metals 

determination were collected into clean propylene 

bags using a hand trowel. All samples were labelled 

properly and stored in an ice box before being 

transported to the laboratory for analysis. At each 

station, the pH, conductivity and water temperature of 

surface water were measured in situ using digital 

devices (HANNA). 

 

 
Fig. 1: Map of study area showing sampling stations along Ikpoba River 

 

Laboratory Analysis: Physicochemical parameters 

such as temperature, pH, conductivity, turbidity, total 

dissolved solids and total suspended solids were 

measured using laboratory bench-top meters. 

Dissolved oxygen (DO) was measured using 

Winkler’s method. Biochemical oxygen demand and 

chemical oxygen demand by dilution method. 

Calcium and magnesium were measured using the 

EDTA method. Sodium, nitrate, chloride, sulphate, 

phosphate and ammonium nitrate, as well as heavy 

metals such as iron, zinc, copper, lead and cadmium 

were determined by wet extraction method using 

atomic absorption spectrophotometer (AAS - Buck 

Scientific Model-210) following standard laboratory 

procedure (APHA, 1998).  

 

Macrobenthic Invertebrate Collection and 

Identification: The modified kick sampling technique 

(Armitage, 1978; Lenat et al., 1981) was used in 

collecting macrobenthic invertebrates at each station. 

A hand net of 154 µm mesh size was used to sample 

the substratum at different points to form a composite 

sample per station. Collected samples were preserved 

with 10% formaldehyde in preservation bottles. The 

sorting of benthic organisms was done with the aid of 

a dissecting microscope (American Optical Binocular 

Microscope - model 570). All benthic organisms in 

the sample from the three stations were sorted into 

different petri dishes and preserved in 4% formalin. 

Temporary slides were made of the various 

specimens and viewed under the microscope. The 

observed specimens were counted, photographed and 

identified to the species level with an identification 

key (Mellanby, 1963). 

 

Data Analysis: Data was analysed using Statistical 

Package for Social Sciences (SPSS 18). The output 

was summarized into mean, standard error and range, 

while a one-way analysis of variance (ANOVA) was 

used to test for the level of significance at a 0.05 

probability level. Pearson correlation was applied to 

test the association between the physicochemical 

parameters, heavy metals and macrobenthic fauna. 

Biological indices were computed using PAST 

version 2. Graphs were created using Microsoft Excel 

version 2016. 

 

EPT Index: The EPT (Ephemeroptera + Plecoptera + 

Trichoptera) estimates water quality by the relative 

abundance of three major orders of freshwater insects 

that have low tolerance to water pollution. EPT taxa 

richness is a useful tool to measure stream water 

quality and widespread use followed after inclusion 

into the USEPA's rapid bioassessment protocol 

(Plafkin et al. 1989). The EPT index, named after 

three orders of aquatic biota common in the benthic 

macroinvertebrate community has been 

recommended as one of the most efficient of the 
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macroinvertebrate indices, especially in lotic 

ecosystems where they are the dominant component 

of the representative community (Lenat, 1988). The 

EPT Index was calculated as in equation 1. 

 

          
              

          
                               

 

According to the United States Geological Survey 

(2002), taxa richness and EPT taxa richness will 

decrease with decreasing water quality as represented 

in Table 1. 

 
Table 1: EPT Index for freshwater quality assessment 

Stream-quality assessment EPT taxa richness 

Non-impacted  > 10 

Slightly impacted  6 – 10 

Moderately impacted  2 – 5 
Severely impacted  0 – 1 

 

RESULTS AND DISCUSSION 
Physicochemical Properties of Surface Water in 

Ikpoba River: The variation in the physicochemical 

parameters in Ikpoba River across the three sampled 

stations is shown in Table 2. There was no significant 

difference (p > 0.05) in the physicochemical 

properties of surface water across the three stations. 

The pH and water temperature were within the 

regulatory limit for freshwater ecosystems as 

stipulated by the Federal Ministry of Environment 

(FMEnv), while parameters such as conductivity, 

TDS, TSS, turbidity, DO, BOD, calcium, magnesium, 

sodium, phosphate, sulphate, nitrate and ammonium 

nitrate were below the recommended limit for surface 

water in freshwater ecosystem. 

 

The pH in the surface water ranged between 4.30 and 

8.90 with a mean of 5.23 during the study period, 

while monthly variation showed that the pH was 

highest in December at station 1 and lowest in 

October at station 3. The mean pH revealed that the 

water is moderately acidic and below the slightly 

acidic conditions of freshwater bodies. This acidic 

nature may be attributed to the effluents being 

generated upstream of the river where Guinness 

Brewery is located and transported along the river 

since there is no industrial presence in the 

community. Although most aquatic organisms live 

within a narrow range of pH, the range of pH 

reported in this study does not pose a threat to aquatic 

organisms. The observed pH level is consistent with 

that reported by Imoobe (2011) in Okhuo River, Edo 

State but contrasted with the reports of Omoigberale 

and Ogbeibu (2010), Ibrahim and Nafiu (2017) and 

Mohammed et al. (2021) that observed a pH ranging 

from 6.5 to 8.2 at Osse River in Edo State, Chikke 

Stream and Thomas Dam in Kano and Niger states 

respectively.  

 

On the other hand, electrical conductivity is a 

measure of the ability of water to conduct an 

electrical current. Conductivity is influenced by the 

amount of electrical charge on each ion, ion mobility 

and temperature of the water (Chapman, 1996). In 

this study, conductivity in surface water ranged 

between 4.0 and 24.0 µS/cm with a mean of 

11.21±01 µS/cm. Monthly variation showed that the 

conductivity was highest in August at station 2 and 

lowest in February at station 2. The observed 

conductivity was lower than the values reported by 

Omoigberale and Ogbeibu (2010) and Mohammed et 

al. (2021) but exceeded those reported by Imoobe 

(2011). 

 

Temperature is an important parameter that 

influences almost all the physical, chemical and 

biological components of water bodies. The 

temperature in the surface water ranged between 

24.60 and 27.40 ℃ with a mean of 25.36±01 ℃ during 

the study period and was within the limit for surface 

water across the stations. Monthly variation showed 

that water temperature was highest in November at 

station 2 and lowest in August at station 3. The value 

for temperature reported in our study was similar to 

that observed in Chikke Stream (Mohammed et al., 

2021).  

 

Total dissolved solid (TDS) and total suspended solid 

(TSS) relate to the total amount of particles that are 

dissolved or suspended in water. Both parameters 

affect the levels of oxygen present in the surface 

water. The observed TDS and TSS ranged between 

2.0 - 12.0 and 0.03 - 2.85 mg/l with a mean of 5.60±1 

and 0.47±01 mg/l respectively. These values were 

within the recommended limits. Monthly variation 

showed that the TDS was highest in August at station 

2 and lowest in February at station 2, while TSS was 

highest in August at station 3 and lowest in October 

at station 3.  

 

Another important physicochemical property of 

aquatic ecosystems is turbidity. Water turbidity is an 

indicator of sediment load and water clarity. 

Turbidity in the surface water ranged between 0.05 

and 0.90 NTU with a mean of 0.44±01 NTU. 

Monthly variation showed that turbidity was highest 

in January at station 2 and lowest in September across 

the three stations. This indicates that the water does 

not receive much runoff from the community. The 

landmass adjoining the river is covered by vegetation 

which could make it less likely for run-off to reach 

the river. The reported turbidity contrasted that 

reported by Olomukoro and Eloghosa (2009) at 

Eruvbi Stream, Edo State and Shelle et al. (2013) at 

Egin Power Station reservoir in Lagos State.  

 

Dissolved oxygen (DO) is an important limnological 

parameter indicating levels of water quality and 

organic pollution in a water body (Wetzel and Likens, 

2006). DO in the surface water ranged between 1.6 

and 8.80 mg/l with a mean of 4.64±01 mg/l during 

the study period. DO was within the recommended 
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limit in freshwater ecosystems. Monthly variation 

showed that the DO was highest in November at 

station 3 and lowest in September at stations 1 and 2. 

The low DO in September could be associated with 

the peak of rainfall which comes with increased 

debris into the river, while the increased levels in 

November could be associated with the end of the 

wet season where suspended particles in the river 

may settle down towards the end of the season. The 

DO reported in our study was comparable to that 

reported by Arimoro and Muller (2010) and 

Mohammed et al. (2021) at River Orogodo and 

Chikke Stream respectively, but higher than the levels 

reported by Emere and Nasiru (2009) in an urbanized 

stream in Kaduna and Iloba and Ruejoma (2014) at 

Ekpan River in Delta State.  

 

The observed BOD in the surface water ranged 

between 0.01 and 4.80 mg/l with a mean of 1.81±01 

mg/l during the study period. Monthly variation 

showed that the BOD was highest in December at 

station 1 and lowest in August at 2. This is expected 

since August is the peak of the wet season in Nigeria. 

Rainfall comes with the introduction of dead and 

decaying organic matter being washed into the river. 

This finding is similar to those of water bodies 

receiving low levels of pollution in Nigeria. Emere 

and Nasiru (2009) reported a range of 0.00 and 2.00 

mg/l in Kaduna State, while Olomukoro et al. (2013) 

reported a similar BOD of 1.20 and 6.30 mg/l at 

selected ponds at Agbede environs in Edo State. A 

BOD value of 2 mg/l or less indicates a fairly 

unpolluted water body.  

 

Trace elements like sodium, calcium and magnesium 

are vital for the effective functioning of biota in 

benthic ecosystems. This study revealed that trace 

elements such as sodium, calcium and magnesium 

range from 0.91 - 4.80, 0.64 - 1.92 and 0.00 - 1.95 

mg/l with a mean of 1.85±01, 1.13±01 and 0.84±01 

mg/l for the mentioned elements respectively. No 

obvious trend was reported for the spatial variation in 

the trace elements in the study period. Although, 

sodium and calcium were highest in the wet season 

the opposite was the case for magnesium. 

 

Nutrients such as sulphate, phosphate, nitrate and 

ammonium nitrate in surface water ranged from 0.05 

- 2.02, 0.02 - 1.51, 0.05 - 11.50 and 0.01 - 1.20 mg/l 

with a mean of 0.37±01, 0.60±01, 1.53±01 and 

0.20±01 mg/l respectively during the study period. 

Spatial variation did not show any regular trend in the 

values of nutrients in surface water. Sulphate and 

ammonium nitrate were highest in November at 

station 2 and lowest in August across the three 

stations. Phosphate and ammonium nitrate were 

highest at the peak of the wet season while sulphate 

and nitrate were the opposite. Phosphate is an 

essential nutrient for living organisms and is often the 

limiting nutrient for algal growth and primary 

production. Phosphorus or phosphate is rarely found 

in high concentrations in freshwaters as it is actively 

taken up by plants (Chapman, 1996). Natural 

concentrations of phosphorus in surface waters 

usually range from 0.005 to 0.020 mg/l which is 

similar to the levels reported in this study. On the 

other hand, nitrate is the common form of nitrogen 

found in natural waters. It may be biochemically 

reduced to nitrite, usually under anaerobic conditions. 

The nitrite ion is rapidly oxidized to nitrate 

(Chapman, 1996). Natural levels of nitrate in surface 

waters seldom exceed 0.1 mg/l, but waters influenced 

by human activity could reach up to 5 mg/l with 

levels over 5 mg/l indicating pollution by animal, 

human wastes or fertilizer runoff. The observed 

phosphate values were similar to those reported by 

Imoobe (2011), Olomokoro et al. (2013) and Iloba 

and Ruejoma (2014) while phosphate and nitrate 

values contrasted those of Arimoro (2009), Arimoro 

and Muller (2010), Adeogun and Fafioye (2011) and 

Imoobe (2011) that reported lower values in southern 

Nigerian rivers and reservoir. Similarly, Ibrahim and 

Nafiu (2017) and Mohammed et al. (2021) reported 

phosphate and nitrate values from Chikke Stream and 

Thomas Dam in northern Nigeria comparable to the 

values reported in our study. 

 
Table 2: Summary of physicochemical parameters (Mean ± SE and range in bracket) in Ikpoba River, Benin City, Nigeria 

Parameters Station 1 Station 2 Station 3 P-value FMEnv. 

pH 5.54±1 (4.6-8.9) 5.13±1 (4.4-8.1) 5.01±01 (4.3-7.6) 0.685 6-9 

EC 12.75±1.8 (5-22) 12.00±2 (4-24) 8.88±1 (5-12) 0.296 - 
Temp 25.89±01 (25-27) 26.15±01 (25-27) 25.54±1 (25-27) 0.457 < 40 

TDS 6.38±1 (2.5-11) 6.00±1 (2-12) 4.44±1 (2.5-6) 0.296 2,000 

Turbidity 0.32±01 (0.1-0.6) 0.50±01 (0.1-0.9) 0.50±01 (0.1-0.7) 0.268 - 

TSS 0.40±01 (0.1-1.65) 0.44±01 (0.1-2.1) 0.56±01 (0.1-2.9) 0.908 30 

DO 5.15±1 (1.6-8.4) 4.12±1 (1.6-7.6) 4.65±1 (2.8-8.8) 0.700 - 

BOD 2.53±1 (0.8-4.8) 1.28±01 (0-3.2) 1.63±01 (0.4-3.4) 0.122 50 
PO4 0.53±01 (0.1-1.51) 0.61±01 (0.1-1.41) 0.65±01 (0.1-1.39) 0.908 5 

SO4 0.32±01 (0.1-1.13) 0.45±01 (0.1-2.02) 0.35±01 (0.1-0.87) 0.848 500 

NO3 2.31±1 (0.2-11.5) 0.73±01 (0.1-2.71) 1.55±1 (0.1-5.32) 0.457 20 
Ca 1.12±01 (0.6-1.92) 1.40±01 (0.6-1.92) 0.88±01 (0.6-1.28) 0.09 200 

Mg 0.78±01 (0.4-1.95) 0.92±01 (0-1.94) 0.83±01 (0.4-1.56) 0.861 200 

Na 2.06±01 (1-4.4) 2.00±01 (1-4.8) 1.50±01 (1-2.2) 0.483 200 
NH4N 0.20±01 (0.1-0.9) 0.27±01 (0.1-1.2) 0.15±01 (0-0.66) 0.716 - 

Heavy Metals in Sediments of the Ikpoba River: The 

variation in the selected heavy metals concentration 

of the Ikpoba River is shown in Figure 2. The mean 

values for iron, zinc, copper, lead and cadmium in 
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sediments ranged from 22.30 - 45.30, 8.46 - 27.10, 

1.80 - 12.40, 0.01 - 4.75 and 0.00 - 1.15 mg/l with a 

mean of 32.71±2, 17.62±1, 7.24±1, 1.29±01 and 

0.17±0.1 mg/l respectively. The values of the heavy 

metals reported in the study were higher than those 

reported by Adakole et al. (2008) on a man-made 

lake in Zaria, Adeogun et al. (2011) at Awba Stream 

in Oyo State, Olomukoro et al. (2022) in Orogodo 

River, Delta State and Michael and Chukwu (2023) at 

Alape River in Ondo State. Higher values were 

reported in the sediments of River Siluko, Edo State 

(Keke et al., 2021), Silver River, Bayelsa State (Kieri 

et al., 2021), River Benue, Benue State (Egesi et al., 

2023), River Iyiudene, Ebonyi State (Nwazue et al., 

2022) and Challawa River, Kano State (Sani et al., 

2022). The metals reported in our study were in the 

decreasing order of Fe>Zn>Cu>Pb>Cd. Similar 

trends in metal distribution were also reported by 

previous authors (Kieri et al. 2021; Nwazue et al. 

2022). There was no significant difference (P > 0.05) 

in the levels of heavy metals across the three stations, 

but the values for iron, zinc, copper and lead, except 

cadmium were above the recommended limit in 

sediments for freshwater ecosystems. The increased 

levels of the heavy metals above the recommended 

limits could impact the health of aquatic life forms 

especially at the sediment surface and alter the 

chemistry of the surface water which may have direct 

effects on the benthic community. The increased 

anthropogenic activities from brewery effluents and 

abattoir operations along the upstream of the river a 

few kilometres from the sampling sites could be 

impacting the river at the Ekosodin section resulting 

in heavy metal concentration above the recommended 

limits. There is a need for increased water monitoring 

and compliance as municipal and economic activities 

increase within Benin City. Spatial and temporal data 

showed increased levels of the heavy metals across 

the sample stations during the dry season compared to 

the wet season. This observation was also similar to 

that reported by Okwodu et al. (2021) from Orashi 

River, Rivers State and Sani et al. (2022) in Challawa 

River, Kano State. 

 

 
Fig. 2: Heavy metal concentration (Mean ± SE) in sediment across 

the sampled stations of Ikpoba River 

 

Macrobenthic Invertebrate: The overall taxa 

composition, distribution, and abundance of 

macrobenthic invertebrate organisms recorded during 

the study period are presented in Tables 3 and 4. A 

total of 39 macroinvertebrate taxa comprising 482 

individuals were reported during the study period. 

Several authors had reported low or similar 

taxonomic distribution in freshwater ecosystems 

across Nigeria. Olomukoro and Eloghosa (2009) 

reported 34 taxa in Ogba River in Benin City, while 

Olomukoro and Dirisu (2014) recorded 33 taxa in 

Edion and Omodo rivers. Similarly, Mohammed et al. 

(2021) reported 35 taxa in Chikke stream in Niger 

State while Enabulele and Olomukoro (2024) 

reported 23 taxa from Ozomu Lake in Edo State. In 

contrast, Keke et al. (2021) reported 49 taxa in River 

Siluko in Edo State whereas Olomukoro et al. (2022) 

reported 44 taxa from Orogodo River in Delta State. 

The major taxonomic groups recorded in this study 

include Ephemeroptera (23.03%), Diptera (22.61%), 

Hemiptera (18.26%) and Odonata (17.01%). 

Haplotaxida, Coleoptera, Trichoptera, and Plecoptera 

were represented by 7.68%, 6.85%, 2.49% and 2.07% 

respectively. The Ephemeropterans which are largely 

represented by mayflies are commonly known to be 

abundant in well-oxygenated freshwater ecosystems 

because they exhibit low tolerance in waters with 

depleting dissolved oxygen. Their abundance which 

is more prevalent in the upstream compared to the 

midstream is expected given the low anthropic 

influence in the upstream due to the lack of human 

activities. This implies that the water quality in the 

upstream and the midstream is relatively good to 

support sensitive species in the river. The absence of 

the group downstream of the river calls for concern 

and reflects the influx of contaminants especially 

heavy metals into the downstream of the river. This is 

further supported by the increased prevalence of 

dipterans as the second most prevalent group in the 

river with more abundance in the downstream of the 

river. The highest number of taxa were recorded in 

the upstream of the river at station 1 followed by 

station 2 and the least was at station 3. The findings 

are consistent with that of other researchers within 

southern Nigeria. Omoigberale and Ogbeibu (2010) 

on the macrobenthic invertebrate fauna of Osse River, 

reported that Ephemeroptera accounted for 26.30%, 

which is followed by Decapoda (21.53%), Diptera 

(17.04%), Oligochaeta (11.31%), Odonata (6.56%), 

Nematoda (1.45%), Coleoptera (0.75%) and 

Hemiptera (0.28%). On the macroinvertebrate 

communities of Edion and Omodo Rivers in Edo 

State, Olomukoro and Dirisu (2014) reported the 

dominant group in descending order as 

Ephemeroptera (45.4%), Diptera (24.7%) and 

Decapoda (24.03%). Tubić et al. (2024) reported that 

Ephemeroptera were the most dominant (22.12%) 

order among macroinvertebrate community in 

streams from Serbia. However, Arimoro and Osakwe 

(2006) documented the influence of sawmill wood 

wastes on the distribution and population of 

macroinvertebrates at Benin River and reported that 

sensitive species such as Ephemeroptera or 
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Plecoptera were completely absent from station 2, the 

impacted site while Olomukoro and Eloghosa (2009) 

reported that the dominant taxonomic groups were 

Diptera (39.7%), Crustacea (20.70%) and Plecoptera 

(19.6%). Mohammed et al. (2021) also reported a low 

abundance of Ephemeropterans in Chikke stream.  

 

The species of macrobenthic organisms were 

dominated by Baetis sp (6.02%), Velia sp (5.60%), 

Heptagenia sp (5.39%), Lestes sp (4.36%) and the 

least was Amphiops gibbose (0.21%). Baetis sp were 

also the most common genera found in Malaysian 

headwaters (Hamid and Rawi, 2017). Baetis sp which 

are majorly represented by mayflies are usually found 

in freshwater ecosystems with good water quality. 

They are sensitive to pollution and survive in well-

oxygenated waters. In contrast, species tolerant to 

degrading water quality like Chironomus sp (2.07%) 

are less represented in the benthic group reported in 

the study. 

 
Table 3: Checklist of the family of macrobenthic organisms 

sampled across the station from Ikpoba River 

Order Family Stn 1 Stn 2 Stn 3 

Coleoptera Dytiscidae 5 5 1 
 Elmidae 2 3 1 

 Gyrinidae 3 1 2 

 Hydrophilidae 3 5 2 
Diptera Ceratopogonidae 1 2 8 

 Chironomidae 15 12 22 

 Psychodidae 1 0 10 
 Tanypodinae 9 10 19 

Ephemeroptera Baetidae 41 16 0 

 Caenidae 2 0 0 
 Heptageniidae 15 11 0 

 Leptophlebiidae 16 10 0 

Haplotaxidae Naididae 5 4 9 

 Tubificidae 4 7 8 

Hemiptera Aphididae 8 7 5 

 Gerridae 3 5 8 
 Pleidae 11 10 4 

 Valiidae 5 13 9 

Odonata Agrionidae 6 2 0 
 Coenagrionidae 8 3 2 

 Gomphidae 6 5 7 

 Libellulidae 9 6 7 
 Zygoptera 12 7 2 

Plecoptera Perlidae 7 3 0 
Trichoptera Polycentropodidae 8 4 0 

 Total 482 205 151 126 

 
Table 4: Summary of the various order of macrobenthic organisms 

reported from Ikpoba River. 

 Order No of individuals % individuals 

Coleoptera 33 6.85 

Diptera 109 22.61 
Ephemeroptera 111 23.03 

Haplotaxidae 37 7.68 

Hemiptera 88 18.26 
Odonata 82 17.01 

Plecoptera 10 2.07 

Trichoptera 12 2.49 

Total 482 100 

 

Biological Indices: The general biological indices for 

the macrobenthic community recorded at Ikpoba 

River showed that Margalef richness was the highest, 

followed by Shannon-Weiner diversity and the least 

was evenness during the study period (Figure 3). 

Shannon-Weiner diversity indices across the three 

stations sampled showed that station 2 (3.298) had 

the highest followed by station 1 (3.273) and the 

lowest was station 3 (3.097). Station 2 had the highest 

evenness (0.8196) followed by station 3 (0.8195) and 

the least was observed in station 1 (0.754). Margalef 

taxa richness showed that station 1 (6.387) had the 

highest richness, followed by station 2 (6.378) and 

the least was in station 3 (5.376). The low evenness 

and diversity compared to the taxa richness reflect the 

disparity of certain species from certain parts of the 

freshwater ecosystems due to the variation in 

anthropogenic inputs into the freshwater ecosystem. 

The broader implication is that species could be 

gradually declining across the freshwater gradients 

resulting in a lack of adequate functionality for the 

local ecosystem, especially life at the bottom 

sediment.  

 

 
Fig. 3: General ecological indices of the macrobenthic fauna of 

Ikpoba River. 

 

EPT Index of Ikpoba River: The environmental 

condition of an aquatic ecosystem can be assessed 

using physical, chemical and biotic conditions. 

Among aquatic organisms, one of the groups most 

affected by anthropogenic changes are benthic 

organisms within the order Ephemeroptera, 

Plecoptera and Trichoptera because of their close 

relationships and sensitivity to environmental 

disturbances, making them important bioindicators of 

environmental quality for biomonitoring (Faria et al., 

2017; Wong et al., 2020; Faria et al., 2021). The EPT 

method is a quick and reliable water quality 

assessment method that has been applied in many 

temperate and tropical countries. In this study, a 

calculation of the EPT index for Ikpoba River gives a 

value of 31.67% indicating that the water quality of 

the river is less impacted by contaminant fluxes 

entering the river from domestic and industrial 

activities compared to other river systems in Nigeria. 

This is reflected in the abundance of EPT taxa 

reported upstream and midstream of the river. On the 

assessment of the water quality status of the Kibisi 
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River in Kenya, Bonzemo (2018) indicated that the 

analysis of the EPT index correlated closely with the 

physical and chemical parameters, which is also 

similar to the case with our study. Applying the EPT 

index in their study, Moskova et al. (2008) reported a 

high proportion of intolerance order of 

Ephemeroptera, Plecoptera and Trichoptera, 

exceeding 50% in Kamchia River, eastern Bulgaria. 

Hamid and Rawi (2017) reported an EPT taxa 

richness >10 indicating good water quality and non-

impacted conditions in all rivers of Malaysian 

headwaters. In contrast, Jacobsen et al. (2003) 

reported an EPT index of 6.04 - 6.86 in high-

mountain streams with a decrease in oxygen 

compared to low-mountain streams, while Poulton 

and Tao (2019) observed EPT values ranging 

between 0.6% - 10.3% in urban streams compared to 

control sites (18%) in small streams in Kansas City, 

Missouri.  

 

The EPT index provide important information on 

changes in water quality conditions with regards to 

sensitive species and an important tool for the 

ecological categorization of freshwater bodies (Tubić 

et al., 2024). 

 

Relationship between Physicochemical Parameters 

and Macrobenthic Fauna: The relationship between 

the physicochemical parameters and macrobenthic 

fauna was assessed using Pearson’s correlation. There 

was no strong correlation (0.5) between the 

physicochemical parameters and the macrobenthic 

organisms observed in the study. This is expected 

since the physicochemical characteristics of the river 

do not have a significant impact on the water quality 

and the distribution of the macrobenthic community 

reported in the study. 

 

Conclusion: The regular assessment of inland water 

bodies for their physicochemical condition and the 

application of bioindicators like benthic organisms is 

paramount in providing insight into the water quality 

and health status of freshwater ecosystems. The 

assessment of the Ekosodin section of the Ikpoba 

River indicates some form of anthropic inputs could 

be impacting the river. The contaminants load in the 

river may have been transported from the point of 

entry at the urban centres from the upstream into the 

river several kilometres away. There is a need for a 

continuous assessment of the river to monitor the 

water quality for the effective management and 

development of freshwater ecosystems especially in 

southern Nigeria. 
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