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Abstract  

Macroinvertebrates are good bioindicators of water quality and ecosystem health and are often used to study 

anthropogenic effect on aquatic ecosystems. Consequently, some environmental variables and macroinvertebrates 

of Eme river were studied to understand the impact of human activities on this socio-economically important 

ecosystem. Six stations (reflecting different anthropogenic activities) along the reaches of the river were sampled 

and analyzed monthly from December, 2017 to November, 2018 using standard methods. The results showed that 

water temperature varied from 22.00, station 1 to 28.5oC, station 6, turbidity (0.50-9.40 NTU, station 4), flow 

velocity (0.21, station 1-0.85m/s, station 3), pH (4.30, station 2-6.30, station 1), electrical conductivity (45.20, 

station 2-168.40µS/cm, station 5), dissolved oxygen (1.60, station 4-6.10mg/l, stations 3 and 4), biochemical oxygen 

demand (0.80-4.30mg/l, station 4), nitrate (1.10, station 3-5.6mg/l, station 4) and phosphate (0.40, station 3-4.6mg/l, 

station 4). Flow velocity, electrical conductivity, biochemical oxygen demand, nitrate and phosphate varied 

significantly between stations (p<0.05). A total of 584 individuals from 5 taxonomic groups and 23 species of 

macroinvertebrates were recorded. Aquarius remigis was the most abundant species (8.7%). The macroinvertebrate 

community was dominated by tolerant and very tolerant species, such as Aquarius remigis, Caridina africana, 

Pseudocloen sp. nymph, Hydrometra sp and Belostoma sp. The dominance of tolerant species, high turbidity, 

biochemical oxygen demand, nitrate and phosphate values and low dissolved oxygen values are strong indications 

of anthropogenic effect. It is suggested that adequate management attention should be paid to the river in order to 

prevent further deterioration.  
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Introduction 

Rivers are important freshwater resource as they serve as 

the primary source of water supply to several human 

communities and habitat to millions of aquatic organisms 

(Vörösmarty et al 2010). Globally, most freshwater 

bodies are being polluted as a result of human and natural 

processes, which affect ecosystem services (Mallin and 

Cahoon 2020). The status of aquatic ecosystem can be 

determined through the biological assessment of its biota 

(Santos and Ferreira 2020). Benthic macroinvertebrates 

are often used in the assessment of water quality and 

ecological status of aquatic ecosystems (Dallas 2021). 

The consistency and scientific reliability of 

macroinvertebrates use in biological assessments is 

predicated on their wide distribution, sensitivity to 

organic pollutants and ease of sampling at least cost 

(Leslie and Lamp 2017). Other considerations include 

their slow motility, extended life period, response to 

environmental changes and tolerance, which make them 

suitable to be used in the evaluation of specific pollutants 

in the aquatic environment (Duc et al 2015).  They form 

an integral part of aquatic ecosystem and any negative 

disturbance can easily affect their community structure 

and trophic relationships (Akaahan et al 2016).  

Indiscriminate sand mining is a common 

anthropogenic activity in most rivers in Southeast, 

Nigeria (including Eme river) and increases with 

increasing rainfall (Anyanwu and Umeham 2020). It is a 

major threat to the freshwater biota due to resultant 

habitat fragmentation, increased turbidity reduced 

organic detritus supply, and loss of fish breeding and 

spawning grounds (Sheeba 2009; Olaniyan et al 2019). 

There are a number of studies on water quality and 

macroinvertebrate communities in Nigeria (Amusan et al 

2018; Jonah et al 2020a, b; Anyanwu et al 2021). This 
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study was aimed at determining the effects of 

anthropogenic activities on water quality and 

macroinvertebrate community of Eme river, Umuahia, 

South-east Nigeria. 

Materials and methods 

Study area and sampling stations 

The source of Eme river is Uzoakoli in Abia State, 

Nigeria and it confluence Imo river at Onuimo. For the 

purpose of this study, the section of the river between 

Ofeme and Umudiawa, Umuahia, Abia State on either 

side of the Enugu-Port Harcourt expressway; a distance 

of about 3.25km was sampled. It lies between latitude 

5°38ʹ and 5°37ʹN and Longitude 7°25ʹ and 7°26̍ʹE. The 

area falls within the sub-equatorial zone, characterized by 

high temperatures (29.00-31.00oC), high relative 

humidity (over 70%) and annual mean rainfall of about 

4000mm. Two distinct seasons characterize the area, the 

wet (June to November) and dry (December to May) 

seasons with a double maxima rainfall peak in July and 

September. A short period of dryness known as the 

“August break” usually occurs between the peaks 

(Nwankwo and Nwankwoala 2018).  The river was 

divided into six stations based on accessibility and 

anthropogenic activities. All the stations have been 

previously dredged except station 1. Station 1, located 

within Ofeme community at Mbato, was upstream and 

some parts of the station were covered by trees. Laundry 

and extraction of water for drinking and other domestic 

purposes, especially during the dry season were observed. 

Several children were usually seen swimming during 

the dry season up to early rains because of its close 

proximity to human communities, easy accessibility 

and low water depth. Station 2 was located at the 

outskirts of the community (Eme-Ihite), about 1.84km 

downstream of Station 1. Laundry, swimming and 

extraction of water for drinking and other domestic 

purposes were also observed in the dry season. 

However, minimal sand mining was observed in the wet 

season. Station 3, also located in Eme-Ihite, close to 

the expressway, about 419.67m downstream of Station 

2. No activities were observed except periodic boat 

movements during the wet season. Station 4 was located 

in Umudiawa community across the expressway, about 

490.26m downstream of Station 3. This station was 

downstream to an area of intensive sand mining activities 

and two sand landing sites. Station 5 was about 200.22m 

downstream of Station 4; within Umudiawa community 

and there were sand mining activities. Station 6, also 

within Umudiawa community was about 300.14m 

downstream of Station 5 and in-channel and shoreline 

sand mining activities take place here. 

Sample collection and analyses 

Water samples 

Water samples were collected from each site once a 

month between December, 2017 and November, 2018 

with clean 1 litre plastic bottles. Water temperature was 

determined using a mercury-in-glass thermometer, pH,  

 
Figure 1. Map showing the sampling stations on River Eme, with an insert of map of Nigeria showing Abia State 

(Source: Anyanwu 2018) 
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conductivity and total dissolved solids (TDS) were 

determined using Hanna 3100 multimeter.  Water 

velocity was determined by floating method, by 

measuring the time it takes a float to reach a 

predetermined distance in each site and the velocity 

computed as distance divided by time. Turbidity was 

determined using HACH 2100A turbidimeter. Dissolved 

oxygen was determined by Azide modification of 

Winkler's method. Nitrate and phosphate were 

determined by UV spectrophotometric and stannous 

chloride methods, respectively while BOD was 

determined after 5-day incubation as described by 

APHA (2012). 

Macroinvertebrate sampling 

Macroinvertebrates were sampled by modified kick 

sampling technique (Tubić et al 2017). Aquatic 

macrophytes along the bank of the river were vigorously 

disturbed with a hand net against the water current and 

dislodged macroinvertebrates were washed into the net 

(Tersoo et al 2017). The samples were preserved with 

10% formalin in a plastic container and taken to the 

laboratory for proper sorting and identification 

according to the methods of Arimoro et al (2007). The 

sorted macroinvertebrates were identified to the species 

level using the taxonomic keys of Willoughby (1976), 

Brown (1994), Merritt and Cummins (1996) and Umar et 

al (2013). The numbers were counted.  

Statistical analysis 

The data were summarised into maximum, minimum, 

mean and standard error of the mean using Microsoft 

Excel (version 2010). The differences between the 

means of the stations were tested using one-way analysis 

of variance (ANOVA) and, Tukey’s pairwise 

comparisons test was performed to determine the 

location of significant difference (p<0.05).  

Macroinvertebrate species richness and diversity 

indices, Margalef (D), Shannon-Weiner (H) and 

Evenness (E) were computed using PAST statistical 

package (version 3.26). 

Results 

The results show that surface water temperature varied 

insignificantly from 22.00oC (station 1) to 28.50oC 

(station 6), p>0.05. Flow velocity values varied 

significantly between 0.21m/s in station 1 to 0.85m/s in 

station 3, p<0.05 (Table 1). The river was acidic and pH 

values ranged between 4.30 (station 2) and 6.30 (station 

1), variation between stations was not significant 

(p>0.05). The electrical conductivity (EC) values ranged 

between 45.20µS/cm (station 2) and 168.40µS/cm 

(station 5). Conductivity values were significantly 

higher in the downstream stations (4-6) than the 

upstream stations (1-3) (p<0.05). Dissolved oxygen 

varied between 1.60mg/l in station 4 to 6.10 mg/l in 

stations 3 and 4. Biological oxygen demand (0.80-

4.30mg/l) varied significantly between stations 

(p<0.05). Nitrate values were 1.10-5.60 mg/l and was 

significantly higher in station 4 (p<0.05) than in the 

other stations. Likewise, phosphate values (0.40-4.60 

mg/l) were significantly higher in stations 4-6 compared 

to stations 1-3. 

A total of 584 individuals from 5 taxonomic groups 

and 23 species were recorded (Table 2). Aquarius 

remigis (Water strider) was represented by the highest 

number of individuals (51) while Paederus fuscipes 

(Rove beetle), Macromia sp nymph (River Cruiser) and 

Melanoides tuberculata (Red-rimmed melania) had the 

lowest number of individuals (1). Most of the 

encountered species were either tolerant or very tolerant 

species except Psephenuss sp larvae and Argyroneta 

aquatica (Table 2). The dominant taxonomic group was 

Insecta with 504 individuals from 21 species and relative 

abundance of 86.2% while the least was Gastropoda 

with 1 individual from 1 species and relative abundance 

of 0.2%. 

Species abundance ranged between 55 and 175 

individuals among the stations (Table 3). The lowest 

abundance was recorded in station 4 while the highest 

was recorded in station 1. Analysis of variance 

(ANOVA) showed that species abundance in station 1 

was significantly (F=5.09, p<0.05) higher than stations 

3-6.  The Shannon-Weiner diversity index ranged from 

2.56-2.78 among the stations. The lowest value was 

recorded in station 5 while the highest was recorded in 

station 1. Margalef’s species richness ranged between 

2.98 and 3.74. The lowest value was recorded in station 

2 while the highest value was recorded in station 4.  The 

perturbed downstream stations (4-6) had relatively 

higher Margalef’s species richness than the less 

perturbed stations especially station 2. The evenness 

values ranged between 0.85 and 0.96. The lowest value 

was recorded in station 1 while the highest value was 

recorded in station 2.  

Discussion  

 The surface water temperature of River Eme was 

consistent with values commonly recorded in tropical 

rivers and adapted to by most tropical aquatic organisms 

Dallas 2008; Deekae et al 2010). The relatively higher 

values of flow velocity recorded in stations 2 and 3 could 

be attributed to riverbed gradient and widths of the river 

in the stations as suggested by Ekpo et al (2012) and 

Ames (2018). The relatively lower values of some 

parameters (turbidity, electrical conductivity, 

biochemical oxygen demand, nitrate and phosphate) 

observed in stations 2 and 3 could be attributed to 

reduced human activities and high water velocity 

compared to other stations. Flow velocity can 

significantly affect the capacity of a water body to 

assimilate and transport pollutants (Effendi et al 2015).  

The high turbidity values observed in some stations, 

especially those downstream sand mining sites may be 

attributed to continuous sand extraction. Sand mining 

has been reported to increase turbidity in rivers (Ashraf 

et al 2011; Peck Yen and Rohasliney 2013) and this  
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Table 2: Composition, abundance and distribution of macroinvertebrate fauna in Eme River, Southeast, Nigeria  

Taxonomic 

Group 

Taxa Station 

1 

Station 

2 

Station 

3 

Station 

4 

Station 

5 

Station 

6 

Total RA PS 

Crustacea Caridina africana 29 9 3 3 0 4 48 8.2 VT 

Annelida Nais sp 12 0 0 0 0 0 12 2.1 VT 

Insecta Chironomus sp larvae 6 0 0 0 0 0 6 0.9 VT 

 Anopheles gambiae 4 0 0 0 0 1 5 0.9 VT 

 Caenis sp. Nymph 10 7 4 5 4 7 37 6.3 T 

 

Pseudocloen sp. 

Nymph 
16 12 6 3 3 10 

50 8.5 T 

 Cloen sp. Nymph 9 6 8 3 4 9 39 6.7 T 

 Baetis sp. Nymph 12 7 5 4 5 5 38 6.5 T 

 Macromia sp nymph 0 0 1 0 0 0 1 0.2 VS 

 

Dytiscus sp 

adult/larvae 
1 0 0 1 0 0 

2 0.3 VT 

 Orectochilus sp 7 4 1 5 3 6 26 4.4 T 

 Paederus fuscipes 0 0 0 0 1 0 1 0.2 VT 

 Psephenuss sp larvae 0 0 3 0 0 0 3 0.5 S 

 Aquarius remigis 12 9 6 4 7 13 51 8.7 T 

 Nepa apiculata 7 8 4 3 9 4 35 6.0 VT 

 N. cinerea 5 6 5 2 5 3 26 4.4 VT 

 Ranatra linearis 10 6 4 0 4 3 27 4.6 VT 

 Belostoma sp 8 10 10 6 6 5 45 7.7 VT 

 Hydrometra sp 7 8 6 6 10 9 46 7.9 VT 

 Corixa sp 7 8 6 3 4 5 33 5.6 VT 

 Notonecta sp 6 4 4 2 1 4 21 3.6 VT 

Arachinda Argyroneta aquatica 7 5 7 4 3 5 31 5.3 S 

Gastropoda 
Melanoides 

tuberculata 
0 0 0 1 0 0 

1 0.2 T 

Total  175 109 83 55 69 93 584   

Legend: RA=Relative Abundance, PS=Pollution Sensitivity, VS=Very Sensitive, S=Sensitive, T=Tolerant, VT=Very Tolerant 

Table 3:  Community Structures of Macroinvertebrate fauna in Eme River, Southeast, Nigeria 

Biodiversity Indices Station 1 Station 2 Station 3 Station 4 Station 5 Station 6 

Taxa (S) 19 15 17 16 15 16 

Individuals 175a 109ab 83b 55b 69b 93b 

Shannon-Weiner (H) 2.78 2.66 2.72 2.67 2.56 2.64 

Evenness (E) 0.85 0.96 0.89 0.90 0.86 0.879 

Margalef (D) 3.49 2.98 3.62 3.74 3.31 3.31 

means along the row with the same subscript letter are not significantly different at p>0.05 

could adversely affect primary productivity and sensitive 

organisms (Sheeba 2009; Kale 2016; CEDA 2020).  

The pH value in all the stations was acidic and 

attributable to both geogenic and anthropogenic 

influences. Geogenic low pH is associated with acid-

generating rocks/soils and oxidation-reduction processes 

within the river (USEPA 2022). Sand mining also lowers 

the pH of water bodies (Seiyaboh et al 2013; Akankali et 

al 2017). Extremes of pH are unsuitable for most aquatic 

organisms. Aquatic organisms are extremely sensitive to 

pH levels below 5 and death may arise at these low pH 

values (Kale 2016).  

The dissolved oxygen level in the river was quite low 

and was sometimes below 2mg/l, which is below the 

requirements for sustenance of most aquatic organisms 

(NESERA 2011). Persistently low DO could be attributed 

to disturbance and pollution (Rao et al 2013). Although 

the BOD and nitrate levels in this study were moderate, 

the phosphate level was high, which suggests possibilities 

of organic pollution that could be responsible for the low 

DO. Sand mining and other anthropogenic activities in 

water have been reported as major causes of such 

conditions (Ogbuagu 2013; Akankali et al 2017). Sand 

mining enhances the release and circulation of organic 

matters from the sediments into the water column, which 

increase BOD levels (Ogbuagu 2013; Akankali et al 

2017). This condition can lead to decline aquatic 

biodiversity.     

Macroinvertebrates have been extensively used to 

assess water quality, ecosystem health and impacts of 

anthropogenic activities (Anyanwu et al 2019; Blocher et 

al 2020). Anthropogenic activities observed in Eme river, 

especially sand mining could have negatively affected the 

abundance of the macroinvertebrates fauna. Sand mining 

affects aquatic biota through habitat destruction and 
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increased turbidity (Sheeba 2009; Olaniyan et al 2019). 

The 584 individuals recorded were lower than 676 

individuals recorded by Arimoro and Keke (2017) in 

Gbako River, North Central, Nigeria and 617 individuals 

by Amusan et al (2018) in Ona and Opa Rivers, 

Southwestern Nigeria. However, lower abundance (429 

individuals) was recorded by Jonah et al (2020a) in Etim 

Ekpo River, South-South, Nigeria; that was also 

subjected to sand mining.   

Furthermore, most of the species recorded were 

mostly tolerant or very tolerant species (Chessman 2003); 

this could be attributed to anthropogenic activities 

especially sand mining (Olaniyan et al 2019). Tolerant 

species have mechanisms to cope with environmental 

perturbation (Mariantika and Retnaningdyah 2014) and 

as a result usually occur in large numbers in disturbed 

environments (Kucuk 2008). The abundant species 

(Aquarius remigis, Pseudocloen sp and Caridina 

africana) encountered in this study have been reported in 

other Nigerian freshwater systems (Anyanwu and Jerry 

2017; Jonah et al 2020b; Anyanwu et al 2021). The 

dominant taxonomic group was insecta as reported by 

Arimoro and Keke (2017), Anyanwu et al (2019), Keke 

et al (2020) and Anyanwu et al (2021) but different from 

the dominance of mollusca in Anyanwu and Jerry (2017).  

The Shannon-Weiner diversity index values in this 

study were < 3, indicating environmental perturbation but 

were higher than the 1.28-1.33 recorded in Oluwa River, 

Ondo State (Olaniyan et al 2019). The structure of a 

habitat is considered stable and balanced when the values 

are > 3.0 (Türkmen and Kazanci, 2010).  The lowest 

value recorded in station 5 could be due to sand mining 

activity (Ekpo et al 2012). Important information about 

the structure of a river can be obtained using the diversity 

indices (Türkmen and Kazanci 2010).  Shannon-Weiner 

diversity index is the most preferred (Türkmen and 

Kazanci 2010). The index values are between 0.0 and 5.0 

but the results are usually between 1.5 and 3.5; rarely 

exceeding 4.5 (Bibi and Ali 2013).   

Conclusion 

The study revealed the paucity of macroinvertebrate in 

the river and dominance of disturbance tolerant species. 

These were attributed to high turbidity and low dissolved 

oxygen occasioned by regular sand mining in the river 

and other anthropogenic activities such as recreation. 

These activities if uncontrolled could lead to extirpation 

of ecological important biota, which could lead to loss of 

biodiversity. It is suggested that adequate management 

attention be paid to the river to prevent further 

deterioration.  

Acknowledgments 

Authors are grateful to Mr. Chinedu Ogbodo of 

Department of Geography, University of Nigeria, 

Nsukka, Nigeria for producing the study map and Mr. 

Emmanuel Ogbonna Irozuru of Department of Fisheries 

and Aquatic Resources Management, Michael Okpara 

University of Agriculture, Umudike, Nigeria for assisting 

in the identification of the macroinvertebrate samples. 

Reference  

Akaahan, T.J.A., Manyi, M.M. and Azua, E.T. 2016. 

Variation of benthic fauna composition in River 

Benue at Makurdi, Benue State, Nigeria. Int. J. 

Fauna Biol. Stud. 3(2): 71-76.  

Akankali, J.A., Idongesit, A.S. and Akpan, P.E. 2017. 

Effects of sand mining activities on water quality of 

Okoro Nsit stream, Nsit Atai Local Government 

Area, Akwa Ibom State, Nigeria. Int. J. Dev. 

Sustain. 6: 451-62. 

Ames, H. 2018. Factors Affecting a River's Velocity. 

https://sciencing.com/factors-affecting-rivers-

velocity-8223150.html. Accessed 14th August 

2021. 

Amusan, B.O., Idowu, M.A. and Ogbogu. S.S. 2018. 

Comparative study of the macroinvertebrate 

community composition and water quality of Ona 

and Opa rivers, Southwestern Nigeria. West Afr. J. 

Appl. Ecol. 26(1): 33-48.  

Anyanwu, E.D. and Jerry, P.O. 2017. A Survey of 

Macroinvertebrate Assemblage of Ikwu River, 

Umuahia, Southeast Nigeria. J. Aquat. Sci. 32(1A): 

45-51. http//doi:/10.4314/jas.v32i1A.5.  

Anyanwu, E.D. and Umeham, S.N. 2020. Identification 

of waterbody status in Nigeria using predictive 

index assessment tools: a case study of Eme River, 

Umuahia, Nigeria. Int. J. Energ. Water Res. 4(3): 

271-279. https://doi.org/10.1007/s42108-020-

00066-5. 

Anyanwu, E.D., Odo, S.N. and Nwaiwu, U.A. 2021. 

Assessment of Macroinvertebrate Community in a 

Rural Nigerian River in Relation to Anthropogenic 

Activities. Pol. J. Nat. Sci. 36(3): 229–250.  

Anyanwu, E.D., Okorie, M.C. and Odo, S.N. 2019. 

Macroinvertebrates as bioindicators of Water 

Quality of Effluent-receiving Ossah River, 

Umuahia, Southeast Nigeria.  ZANCO J. Pure Appl. 

Sci. 31(5): 9-17.  

APHA 2012. Standard Methods for the Analysis of Water 

and Wastewater, 23rd Edition. American Public 

Health Association, Washington D.C., 541pp. 

Arimoro, F.O. and Keke, U.N. 2017. The intensity of 

human-induced impacts on the distribution and 

diversity of macroinvertebrates and water quality of 

Gbako River, North Central, Nigeria. Energ. Ecol. 

Environ. 2(2):143-154.  

Arimoro, F.O., Ikomi, R.B. and Efemuna, E. 2007. 

Macroinvertebrate Community Patterns and 

Diversity in Relation to Water Quality Status of 

River Ase, Niger Delta, Nigeria. J. Fish. Aquat. Sci. 

2: 337-344. 

Ashraf, M.A., Maah, M.J., Yusoff, I., Wajid, A. and 

Mahmood, K. 2011. Sand mining effects, causes 

and concerns: A case study from Bestari Jaya, 



78 The Zoologist, 20: 72-79, October 2022 

 

 
 

Selangor, Peninsular Malaysia. Sci. Res. Essays 

6(6): 1216-1231.   

Bibi, F. and Ali, Z. 2013. Measurement of diversity 

indices of avian communities at Taunsa barrage 

wildlife sanctuary, Pakistan. J. Anim. Plant Sci. 23: 

469-474. 

Blocher, J.R., Ward, M.R., Matthaei, C.D. and Piggott, 

J.J. 2020. Multiple stressors and stream 

macroinvertebrate community dynamics: 

Interactions between fine sediment grain size and 

flow velocity. Sci. Total Environ. 717: 137070.  

Brown, D. 1994. Freshwater Snails of Africa and Their 

Medical Importance (2nd ed.). Taylor and Francis. 

London, 609pp. 

CEDA 2020. Assessing and Evaluating Environmental 

Turbidity Limits for Dredging [online]. Central 

Dredging Association (CEDA), Delft, The 

Netherlands. Available at: 

http://www.dredging.org/media/ceda/org/documen

ts/resources/cedaonline/2020-05-AETL.pdf. 

Accessed 30th March 2022.  

Chessman, B.C. 2003. New sensitivity grades for 

Australian river macroinvertebrates. 

Mar. Freshw. Res. 54: 95-103.  

Dallas, H. 2008. Water temperature and riverine 

ecosystems: An overview of knowledge and 

approaches for assessing biotic responses, with 

special reference to South Africa. Water SA 34(3): 

393-404.  

Dallas, H.F. 2021. Rapid Bioassessment Protocols Using 

Aquatic Macroinvertebrates in Africa–

Considerations for Regional Adaptation of Existing 

Biotic Indices. Front. Water 3: 

https://doi.org/10.3389/frwa.2021.628227. 

Deekae, S.N., Abowei, J.F.N. and Chindah, A.C. 2010. 

Some physical and chemical parameters of Luubara 

creek, Ogoni land, Niger Delta, Nigeria. Res. J. 

Environ. Earth Sci., 2(4): 199-207. 

Duc, A., Le, Q. and Le N. 2015. Linking Benthic 

Macroinvertebrates and Physicochemical Variables 

for Water Quality Assessment in Lower Dongnai 

River System, Vietnam. Int. J. Environ. Sci. Dev. 

6(2): 88-92.  

Effendi, H., Romanto, B. and Wardiatno, Y. 2015. Water 

quality status of Ciambulawung River Banten 

Province based on pollution index and NSF-WQI. 

Procedia Environ. Sci. 24: 228–237.  

Ekpo, E.I., Udoh, P.J., Chude, A.L., Onuoha, C.G. 2012.  

Studies on the Physicochemical Characteristics and 

Nutrients of a Tropical Rainforest River in 

Southeast Nigeria.  AACL Int. J. Bioflux Soc. 5(3): 

141-162. 

Jonah, U.E., Anyanwu, E.D. and Avoaja, D.A. 2020a. 

Assessment of Macrobenthic Invertebrate Fauna 

and Physicochemical Characteristics of Etim Ekpo 

River, South-South, Nigeria. Jordan J. Nat. Hist. 7: 

37-49.  

Jonah, U.E., George, U.U. and Avoaja, D.A. 2020b. 

Impacts of Agrochemical on Water Quality and 

Macroinvertebrates Abundance and Distribution in 

Ikpe Ikot Nkon River, South-South, Nigeria. 

Researcher 12(1): 36-43.  

Kale, V.S. 2016. Consequence of Temperature, pH, 

Turbidity and Dissolved Oxygen Water Quality 

Parameters. Int. Adv. Res. J. Sci. Engr. Tech. 3: 186-

190. 

Kucuk, S. 2008. The effect of organic pollution on 

Benthic macroinvertebrate fauna in the Kirmir 

Creek in the Sakarya Basin. ADÜ Ziraat Fakültesi 

Dergisi 5(1): 5-12. 

Leslie, A.W. and Lamp, W.O. 2017. Taxonomic and 

functional group composition of macroinvertebrate 

assemblages in agricultural drainage 

ditches. Hydrobiologia 787: 99-110.   

Mallin, M.A. and Cahoon, L.B. 2020. The Hidden 

Impacts of Phosphorus Pollution to Streams and 

Rivers.  BioScience, 70(4): 315-329.  

Mariantika, L., and Retnaningdyah, C. 2014. The change 

of benthic macroinvertebrate community structure 

due to human activity in the spring channel of the 

source of clouds of Singosari subdistrict, Malang 

Regency. J. Biotropika, 2: 254-259. 

Merritt, R.W. and Cummins, K.W. 1996. An introduction 

to the aquatic insects of North America, 3rd ed., 

Kendall/Hunt Publishing, Dubuque, Iowa, USA. 

862pp. 

Nigeria Environmental Standard and Regulatory 

Enforcement Agency (NESREA). 2011. Guidelines 

and standards for Environmental pollution control 

in Nigeria, Abuja, Nigeria. 12-28. 

Nwankwo, C and Nwankwoala, H.O. 2018.  Gully 

Erosion Susceptibility Mapping in Ikwuano Local 

Government Area of Abia State using GIS 

Techniques.  Earth Sci. Malays. 2(1): 08-15.   

Olaniyan, R.F., Ugwumba, A.O. and Ayoade, A.A. 2019. 

Macro-Invertebrates Status of Oluwa River in Ondo 

State, Southwest, Nigeria. Res. Rev. J. Ecol. 

Environ.  7(1): 24-31. 

Peck Yen. T. and Rohasliney, H. 2013.  Status of Water 

Quality Subject to Sand Mining in the Kelantan 

River, Kelantan. Trop. Life Sci. Res. 24(1): 19–34.  

Rao, A.S., Marshall, S., Gubbi, J., Palaniswami, M., 

Sinnott, R. and Pettigrove, V. 2013. Design of Low-

Cost Autonomous Water Quality Monitoring 

System. International Conference on Advances in 

Computing, Communications and Informatics 

(ICACCI). Mysore, 22–25, August 2013, 14-19. 

https://doi.org/10.1109/ICACCI.2013.6637139. 

Santos, J.M. and Ferreira, M.T. 2020. Use of Aquatic 

Biota to Detect Ecological Changes in Freshwater: 

Current Status and Future Directions. Water 12: 

https://doi.org/10.3390/w12061611. 

Seiyaboh, E., Ogamba, E. N. and Utibe, D. I. 2013. 

Impact of dredging on the water quality of Igbedi 



Anyanwu et al. Macroinvertebrates of River Eme 79 

 

 

Creek, Upper Nun River, Niger Delta, Nigeria. 

IOSR J. Environ. Sci. Toxicol. Food Tech. 7(5): 51- 

56. 

Sheeba, S. 2009. Biotic Environment and Sand Mining - 

A Case Study from Ithikkara River, South West 

Coast of India. J. Ind. Pollut. Control 25(2): 133-

138.  

Tersoo, A.R., Terngu, I.S. and Akogwu, A.E. 2017. 

Survey and Identification of Macroinvertebrates 

Found in Some Ponds in Makurdi, Benue State 

Nigeria. Int. J. Ecotoxicol. Ecobiol. 2(1): 26-32. 

https://doi.org/10.11648/j.ijee.20170201.14. 

Tubić B, Popović N, Raković M, Petrović A, Simić V and 

Paunović M. 2017. Comparison of the effectiveness 

of kick and sweep hand net and surber net sampling 

techniques used for collecting aquatic 

macroinvertebrate samples. Arch. Biol. Sci. 69(2): 

233-8.  

Türkmen, G. and Kazanci, N. 2010.  Applications of 

various biodiversity indices to benthic 

macroinvertebrate assemblages in streams of a 

national park in Turkey. Rev. Hydrobiol. 3(2): 111-

125. 

USEPA 2022. CADDIS Volume 2 – pH. Low pH - 

Checklist of sources, site evidence and biological 

effects. U.S. Environmental Protection Agency, 

Washington DC. https://www.epa.gov/caddis-

vol2/ph.  Accessed 30th March 2022.  

Umar, D.M., Harding, J.S. and Michael, J.W. 2013.  

Freshwater Invertebrates of Mambilla Plateau: 

Photographic Guide. New Zealand: Canterbury 

Educational Printing Services, University of 

Canterbury. 88pp. 

Vörösmarty, C.J., McIntyre, P.B., Gessner, M.O., 

Dudgeon, D., Prusevich A., Green, P., Glidden, S., 

Bunn, S.E. Sullivan, C.A., Liermann, C.R. and 

Davies, P.M. 2010. Global threats to human water 

security and river biodiversity. Nature 467: 555-

561.  

Willoughby, L.G. 1976. Freshwater Biology. 

Hutchinson, London, 176pp. 

 

Citation: Anyanwu, E. D., Etusin, P. E. and Umeham, S. N. 2022. Anthropogenic impact on 

environmental variables and benthic macroinvertebrates community of River Eme, South-East, 

Nigeria.  http://dx.doi.org/10.4314/tzool.v20i1.9  

 

The Zoologist, 20. 72-79 October, 2022, ISSN 1596 972X.   

Zoological Society of Nigeria  
 

http://dx.doi.org/10.4314/tzool.v20i1.9
http://dx.doi.org/10.4314/tzool.v19i1.2

