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Abstract 

Benthic macroinvertebrates are organisms that occupy a habitat with certain environmental 

conditions. Changes in these conditions will be reflected in the structure of macroinvertebrate 

communities. The use of benthic macroinvertebrates to assess the ecological status of water 

bodies has become a standard for assessing the ecological integrity of water bodies. A study 

was conducted to determine the downstream impact of human activities on Ole River using 

macroinvertebrates as bioindicators. Five sampling sites were selected along the river and 

samples were collected for one calendar year cutting across seasons. Macroinvertebrates were 

collected using standard dip net based on the Rapid Bioassessment Protocols for use in 

streams and wadeable rivers and identified to the family level. A total of 1,802 individuals 

belonging to 18 families were collected during the study period. Results of analysis of 

variance (ANOVA) showed that, there was significant difference in macroinvertebrate 

metrics among sampling sites. Percent Ephemeroptera Plecoptera Trichoptera (EPT) Index, 

Shannon diversity index and benthic macroinvertebrate index were higher except for station 

B which has lower value than reference site and percent Diptera, Chironomidae and 

Hilsenhoff Family level Biotic Index (FBI) were lower at the reference site. FBI indicated 

that the sites are good with some organic pollution but site B is more impacted when 

compared with other sites. The water quality at these sites was also good. The most impacted 

site (station B) ranked least in all sensitive metrics while the reference site (station A) ranked 

first in sensitive metrics indicating the slight impact of the human activities on downstream 

sites. 
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Introduction 

There has been serious concern about 

declining water quality in the streams and 

rivers. These disturbances are caused 

either by natural extremes such as 

hurricane, volcanic eruption earthquakes 

or by human activities such as waste 

discharge, cropland erosion, sewage 

effluent e.t.c and both type can lead to 

changes in the natural environment. Many 

human activities lead to direct introduction 

of chemical pollution, change in physical 

habitat or alteration of hydrological 

processes (Stribling and Dressing, 2015). 

These changes were reported to be harmful 

both to human and stream ecosystem 

(Yussuf et. al., 2017). For this reason, 

there is need to restore and maintain the 

chemical, physical and biological integrity 

of the waters 

The traditional water quality 

monitoring approach has been to collect 

stream water samples and analyze them in 

a laboratory for suspected physical and 
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chemical pollutant. Unfortunately, these 

method are expensive and the 

concentrations of the pollutants vary 

greatly with time and location, therefore, 

the physical and chemical monitoring 

alone often cannot detects non point 

source pollution problems because such 

monitoring only take a snapshot of the 

ecosystem but not total record of the 

pollutants of the ecosystem (Rosenberg, 

2001). 

However, biomonitoring of water 

quality involves the systematic use of 

living organisms or their response to 

determine the quality of the environment. 

Rosenberg (2001) describe this method as 

making a video tape of the environment 

since the ultimate of environmental 

monitoring and regulations is to maintain 

biological integrity. Several bioindicators 

have been used such as algae, fish and 

macroinvertebrates, however, benthic 

invertebrate gave better results because of 

their fast response to the presence of 

pollutants than others (Wolfram et. al.., 

2012). 

 Benthic macroinvertebrate are 

organisms that occupy a habitat with 

certain environmental conditions 

(Guerrero et. al., 2003) such as 

temperature, pH and turbidity. Changes in 

these conditions will reflect in the 

structure of macroinvertebrate 

communities (Bonada et. al., 2006). 

Hence, benthic macroinvertebrates are use 

to assess the ecological status of water 

bodies for the main purpose of assessment, 

monitoring and legislation worldwide 

(Pond et al., 2013; Copatti et al., 2013; 

Custodio et al., 2013; Popovic et al., 

2016). 

Presently, in Nigeria, there is 

paucity of information on the use of 

macroinvertebrates as a bioindicators. The 

composition and structure of benthic 

macroinvertebrate communities in the Ole 

River is generally unknown. Hence, this 

study serves as a baseline survey for the 

macroinvertebrates community and the 

impact of human activitieson the water 

quality and macroinvertebrates as well. 

 

Materials and methods 

Description of the study area 

The study was conducted in River Ole, one 

of the tributaries of Alakata River in 

Abeokuta. It originated from a village 

about two kilometres before entering the 

premises of Federal University of 

Agriculture, Ogun State, South West, 

Nigeria, where it traverses through it over 

a distance of five kilometres before joining 

Alakata River. Five sampling stations were 

identified and named as site A, B, C, D 

and E. The sampling stations were selected 

based on different land use practices in the 

adjacent watershed which include 

agricultural purpose, domestic use, fish 

production as well as livestock grazing. 

The average distance between the 

sampling sites is approximately 1.5 km 

apart from each other. 

 

Sampling 

The study lasted for a period of twelve 

months from January to December, 2010, 

spreading through all the seasons. The five 

stations were visited fortnightly during 

which water samples, sediments and 

macroinvertebrates were collected and 

taken to the laboratory for analysis and 

identification. Station A (7.22N/3.45E) is 

the source, and located in a pristine area 

with no human disturbances where the 

village  inhabitants collect water for their 

domestic use; station B (7.22N/3.45E) is 

located at a place, about 1.2 km from 

Station A, where various human activities 

such as washing of automobiles 

(motorcycles, cars), laundry and others; 

Station C (7.22N/3.45E) has  little 

disturbance from subsistence agrarian 

farming and it is 0.9 km away from Station 

B; station D (7.21N/3.42E) is used for fish 

production and livestock activities, it is 1.4 

km from Station C. 

On the other hand, station E 

(7.22N/3.45E) is downstream just before it 

joins Alakata River with little human 
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disturbance, this station is 1.8 km from 

Station D. The coordinate of each station 

are shown on Table 1. 

Based on the method stated in 

Klemm et. al., (1990) which is mostly 

used to specify sites for studying pollution 

from point sources, five sampling sites 

(four upstream and one downstream) were 

established on the study area. All the sites 

had almost similar microhabitats (pools 

and vegetated areas). Qualitative 

macroinvertebrates data collection was 

carried out at the same sampling sites 

based on the Rapid Bio-assessment 

Protocols that are used in streams and 

wadeable rivers (Barbour et. al., 1999). 

Macroinvertebrates were sampled 

using standardized dip net (500 μm mesh 

size). To maintain the consistency of 

sampling effort, a sample was generally 

obtained within 30 min at each site and a 

sampling reach length of 50 cm was used. 

Then macroinvertebrates collected from all 

microhabitats of each site were pooled so 

as to obtain a single sample from each site. 

In the field, macroinvertebrate samples 

were preserved in 70% ethanol or 10% 

formalin (for highly polluted sites) for 

later sorting and identification. All the 

organisms in the sample were enumerated 

and identified to the lowest practical 

taxonomic level (family level) using a 

dissecting microscope and standard keys 

(Jessup et. al., 1999; Gooderham and 

Tysrlin, 2002; Bouchard, 2004). 

 

Metrics selection and index 

development 

Macroinvertebrates metrics were 

calculated from the sample data and final 

Benthic Macroinvertebrate Index (BMI) 

was calculated from aggregation of these 

metrics.Metrics to be included in the 

Benthic Macroinvertebrate Index (BMI) 

for this study were selected from a list of 

macroinvertebrates community attributes 

by testing their responsiveness to 

disturbance and redundancy with other 

metrics. Based on this, eight non-

redundant metrics (Percent Taxa Richness, 

Percent Ephemeroptera Plecoptera 

Trichoptera (EPT) Index, Percent Diptera, 

Percent Chironomidae, Percent Dominant 

Taxa, Percent Non-Insect Taxa, Hilsenhoff 

Family-level Biotic Index (HFBI), and 

Shannon Diversity Index (SDI) that 

responded well to disturbance were 

selected. The metrics values were then 

converted to a standardized score using 

scoring criteria by examining relationships 

between individual metric scores and an 

indicator of impairment across a range of 

impairment levels, including undisturbed 

reference conditions. The standardized 

scores were then added to produce the 

final multimetric score of Benthic 

Macroinvertebrate Index (BMI) for each 

site. BMI values were calculated in this 

way for each site and then standardized to 

100-point scale. Based on this BMI, value 

the sites were categorized in to various 

impairment levels which in turn determine 

the water quality at each site (Table 3). 

 

Water physical-chemical analysis 

Water samples were collected in the 

opposite direction to the flow from the 

river surface to ensure that water collected 

is thoroughly mixed and representative of 

sub-sample. The parameters taken were: 

dissolve oxygen (DO), total dissolved 

solids (TDS), temperature (°C), pH, 

alkalinity, hardness, conductivity and 

dissolved carbon dioxide (CO2). The 

determination of some of the parameters 

(TDS, temperature, pH, conductivity), 

were made directly in the Ole River using 

Hanna Combo portable meter. Other 

parameters (alkalinity, hardness, 

conductivity and dissolved carbon dioxide) 

in the water, in each sample sector were 

analysed using  Hanna Instruments 

Multiparameter Photometer. 

 

Statistical analyses 

Macroinvertebrates percentage data were 

Arcsine transformed before analysis. One-

way ANOVA was used to compare the 

magnitude of macroinvertebrates metrics 

among the sampling sites. Means were 
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separated using Duncan multiple range test 

(DMRT). Water sample data were also 

subjected to one way ANOVA to compare 

the means across the stations by DMRT. 

 

Result 

Human activities in Ole river 

It was observed that the main activities 

taking place in the study area were laundry 

activities, cars and motorcycles washing, 

aquaculture and subsistence agriculture 

activities. The activities associated with 

agricultural practices were fertilizers and 

agrochemicals application which were non 

source point of pollution.The use of 

detergents during laundry and washing of 

cars and motor cycles further 

compromised the quality of water and its 

environment. 

 

Benthic macroinvertebrates diversity 

The study identified four phyla, ten order 

and 18 families of benthic 

macroinvertebrates along the river path 

that cut across both wet and dry season. 

Phylum arthropoda was the most 

abundant. The taxa richness of the species 

was least at station B with 64.3% and 

highest at station D as shown in Table 2.  

The taxa richness in the other stations were 

relatively high when compared with 

station B. 

Wan (2002) stated that as the 

number and distribution of taxa (biotic 

diversity) within the community increases, 

so does the value of SDI. In this study , 

SDI obtained among the sampling stations 

differed significantly. The least value of 

SDI  (0.12) was observed in station B 

when compared with other sampling 

stations.  

 

Pollution sensitive order: 

%Ephemeroptera Plecoptera 

Trichoptera(EPT) 

The organism in this order are very 

sensitive to pollution, hence they are 

qualified as a good water quality indicator, 

so the higher the % EPT the cleaner the 

station. The % EPT value shows that there 

was a significant difference (p < 0.05) 

among the stations.  However, station B 

had the lowest value of 1.53.  

 

Pollution tolerant order: % 

Chironomidae 

The % Chironomidae value range from 0.0 

(B) to 2.47 (D), and theThere was a 

significant different among the sampling 

stations. The upstream had a lower 

significant value (A= 0.69; B = 0) than the 

downstream stations (C = 2.15; D = 2.47; 

E = 2.05). However, the three downstream 

stations were not significantly different 

from each other. Value of % dipterans 

follows a similar pattern with that of 

Chironomidae where the values of 

downstream station were higher and 

significantly different from those upstream 

but there were no significant different 

among the downstream stations. 

 

Hilsenhoff family-level biotic index 

This metric value among the sampling 

stations ranges from 5.04 to 5.32 and there 

were significant differences among the 

stations. Although the values of the 

reference station A is the lowest when 

compared with other stations, his value 

shows that the river was least polluted with 

organic load at this station. 

 

Table 1: Number and profile of the macroinvertebrates collected from the study sites 
Taxon  Pollution 

Tolerance value 

Sampling site  

  A B C D E Total 

Ephemeroptera 
Mayflies 

4 18 2 30 54 25 129 

PlecopteraStoneflies 2 8 1 4 32 3 48 

Trichoptera 

Caddis flies 

2 3 - 5 20 7 35 
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Odonata 

Damsel flies 

Dragonflies 

 

6 

2 

 

27 

34 

 

8 

12 

 

18 

40 

 

46 

80 

 

28 

39 

 

127 

205 

LepidopteraMoths 5 13 11 36 49 20 129 

Hemiptera 

Water bug 

Water strider 

 

8 

9 

 

7 

26 

 

4 

11 

 

5 

29 

 

23 

61 

 

16 

35 

 

55 

162 

Coleoptera 

Water beetles 

5 86 102 80 87 80 435 

Diptera 

Black flies 

Midges 

True flies 

 

7 

6 

5 

 

3 

2 

5 

 

1 

- 

- 

 

2 

7 

5 

 

7 

18 

22 

 

2 

6 

7 

 

15 

33 

39 

Oligochaetes 
Worms, 

8 47 35 64 112 - 258 

Mollusks 

Snails 

8 10 4 13 107 21 155 

Crustacea Crayfish 4 - - - 3 - 3 

Arachnida        

Hirudinae 

Leeches 

9 1 - - 12 2 15 

Total  276 191 327 764 291 1843 

 

Table 2: Effect of human activities on macroinvertebrates metrics at different sites 

along Ole River 

Metric A B C D E 

% Taxa 

richness 

92.8 b 64.3 a 85.7 c 100 d 85.7 c 

% EPT 10 b 1.53 a 11.65 c 14.56 d 11.92 c 

% Dominant 57.59 b 75.65 a 53.65 b 40.81 c 52.56 d 

% Diptera 3.45 a 0.51 b 4.29 c 6.45 d 5.12 c 

% Noninsect 

taxa 

20.01 e 20.82 d 21.78 c 29.82 b 8.87 a 

% 

Chironomide 

0.69a 0b 2.15c 2.47c 2.05c 

HFBI 5.04 a 5.10 ab 5.13 ab 5.32 b 5.15 c 

SDI 0.21 b 0.12 a 0.19 c 0.27 d 0.21 b 

Means within a row followed by the same superscript letter are not significantly different 

from each other (p<0.05). 

 

Table 3: Categorization of sites in to different impairment levels based on HFBI results 

Family biotic 

index 

Water quality Degree of organic pollution Stations 

0.00 – 3.50 Excellent Organic  pollution unlikely  

3.51 – 4.50 Very good Possible slight organic pollution  

4.51 – 5.00 Good Organic pollution pr0bable  

5.01 – 5.50 Fair Fairly substantial pollution likely A,B,C,D 
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5.51 – 6.50 Fairly  poor Substantial pollution  likely  

6.51 – 7.50 Poor Very substantial pollution likely  

7.51 – 10.00 Very  poor Very severe organic pollution likely  

Modified from Hilsenhoff’s biotic index (1987) 

 

Table 4: The mean values (± SD) of some physical and chemical parameters across the 

stations along Ole river 

Stations 

Parameters 

A B C D E 

Ph 6.89±0.52a 7.43±0.75b 7.56±0.83b 8.53±0.92 c 8.45±0.96c 

CO2(mg/L) 17.63±0.0951a 17.00±0.19 b 14.62±0.28 c 14.79±0.19 c 15.77±0.15 d 

Temperature ( ˚C) 29.91±0.70a 25.91±o.28b 27.79±0.99 c 29.44±0.69 d 27.86±0.46 c 

Dissolved Oxygen 

(mg/L) 

8.16±0.58 b 8.48±  0.29 b 9.08±0.97 c 7.81±0.09a 8.41±0.89 b 

Alkalinity (mg/L) 58.14± 0.22b 57.57± 0.86 b 54.71±0.78 b 53.29± 0.47 b 49.43±0.02 a 

Hardness (mg/L) 54.67±0.85a 59.22± 0.42 b 56.22±0.90 ab 54.33± 0.12 b 59.67± 0.03 a 

TDS (ppm) 68.71±0.38a 74.36±0.62 b 71.00±0.02 c 60.29±0.66 b 59.07±0.12 e 

BOD(mg/L) 0.59±0.5a 1.09±0.42c 0.69±0.54ab 0.80±0.60 b 0.66±0.62 a 

Conductivity (µS) 137.21±2.39c 150.21±3.67b 144.21±2.49d 119.86±1.39e 133.99±9.57 a 

Means within a row followed by the same letter are not significantly different from each 

other according to Duncan range test (p<0.05). 

 

Discussion 

Anthropogenic pressures at global and 

watershed scales are exerting strong 

pressure on the aquatic environment and 

the biological communities that inhabit it, 

adversely affecting water quality as well as 

and the structure and functioning of these 

communities.This study has shown that the 

taxa richness value of the biological 

communities have been significantly 

affected across the stations and there was 

decrease percentage taxa richness at 

station B where the main activities were 

washing of cars, motorcycle and laundry. 

This finding agrees with other previous 

studies elsewhere (Vinson, 2006; Copatti 

et al., 2013). The decrease in taxa at 

station B when compared with other 

stations might be due to elimination of 

pollution sensitive taxa at the impacted 

station, indicating the moderately impact 

of human activities on the water quality.  

Perry (2005), stated that the higher 

the EPT index, the cleaner the water. In 

this study area, station B has a very low 

value of EPT when compared to the other 

stations. This means that the quality of 

water in other stations were better for these 

species than the quality of water in station 

B.  This could be due to point source 

nature of pollution at station B since the 

concentration of the pollutant from the 

washing could be highest at this point. 

Therefore low EPT index shows how 

seriously pollution at this point has 

affected these organisms. This observation 

is similar to that of Birmesh (2007) and 

Wosnie and Wondie (2014). 

The value for Chironomidae and 

dipterans orders which are known to be 

pollution tolerant were lower for station B. 

Popovic et al. (2016) reported that 

increased anthropogenic pressure reduces 

species diversity. Our findings is in 

agreement with the findings of Harrel 

(1985) who reported a decline and 

eventual elimination of Chironomid from 

oil polluted water body in a Texas stream 

in USA. This is not surprising since station 

B is exposed to point source pollution by 

automobile oil and dispersants occasioned 

by the washing of vehicles at that spot.  

The  abundance of Chironomidae 

and Dipteran at downstream sites (stations 

C,D,E) is an indication of organic 

pollution and nutrient enrichment from the 
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agricultural land and fish production at 

station D. Yandora (1998) reported that a 

sample in which greater than 50% is 

Chironomidae suggested eutrophic 

condition and Chironomidae increase with 

a decrease in water quality. Weigel et al. 

(2002) also reported that Chironomids 

were the only taxa at sites with severe 

point-source pollution. The findings from 

this study does not agree with the report by 

Yandora (1998) and Weigel et al. (2002) 

about the presence of Chironomidae 

indicating severe pollution or suggestive of 

an eutrophic condition. Therefore, the 

value of family biotic index for this station 

support the above assertion since the water 

has a fairly substantial organic pollution.  

Water pH presented variations in 

the evaluation stations of the river, with 

average ranging from 6.89 to 8.53 during 

the study period. However, these 

variations are within the natural range for 

aquatic life. The water pH tendency 

towards alkalinity could be related  to  the 

soil conditions  where the course goes, to 

farming activity (Perez and  Rodriguez, 

2008),  and Pollutant discharges  that  are 

made directly  to the river  bed  (Cordova 

et al., 2009). 

The physico-chemical parameters 

were found to be significantly different at 

the different sampling stations. There was 

a gradual decline in alkalinity downstream 

while pH values increased. The BOD, 

conductivity and TDS had the highest 

values at station B. This could be due to 

the peculiarity of the different 

anthropogenic inputs prevalent at the 

sampling stations (Agbon et. al., 2014). 

The temperature at station B was observed 

to be the lowest when compared to the 

other sampling stations. This might not be 

unconnected with the vegetation cover 

which shaded the location. The overall 

results obtained in this study are generally 

consistent with previous studies (Tirivashe 

et al., 2012; Janse et al., 2015; Popovic,  et 

al., 2016; Yussuf, et al., 2017).Findings 

reveals that the anthropogenic activities 

along River Ole had a minimal impact on 

the water quality, although the quality of 

the water decreased down the stream and 

the upstream is less polluted when 

compare with downstream probably due to 

increased human activities. 
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