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Abstract
Macroinvertebrates occupy an important trophic level in riverine ecosystems based on their composition and diversity. In this 
study, we explored the biodiversity pattern of macroinvertebrates in relation to environmental parameters in a bid to assess 
the water quality of the Uwagbe River, Nigeria. Sampling was carried out in three well marked stations from March 2018 to 
February 2020 following standard procedures. The physico-chemical parameters recorded were within the acceptable limit 
by World Health Organization and Federal Environmental Protection Agency of Nigeria standards except the pH and DO of 
Stations 2 and 3 and BOD of Station 3. The Principal Component Analysis showed pH and DO to be positively associated 
with Station 1. 13 orders of macroinvertebrates, comprising of 32 families, 45 taxa and 4,796 individuals were recorded. The 
most dominant order was Diptera (26.7%) while the least was Arachnida (0.1%). The most predominant taxon was Lumbricus 
sp. (7.9%), while the least was Aeschna sp. (4.3%). Diversity indices showed that Station 1 had the highest indices for Mar-
galef index, Shannon-Wiener diversity index (H), Equitability index (E) and Simpsons’ dominance index while Station 3 had 
indices with the lowest values. Canonical Correspondence Analysis ordination showed that chloride, alkalinity, BOD, nitrate, 
phosphate and water depth were strongly correlated with families such as Lumbricidae, Chironomidae, Potamonautidae, 
Tabanidae and Palaemonidae in Station 3. DO and pH were strongly associated with Amphipodae, Hydrophilidae, Gerridae 
and Libellulidae families in Station 1. The study revealed the significance of the utility of macroinvertebrates community 
structure and its relationship with environmental factors in assessing the level of perturbation in riverine ecosystems. The 
results provide insight on how river managers can put in place appropriate conservation processes to forestall the incessant 
level of perturbation occurring in riverine ecosystems.
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Introduction

Macroinvertebrates occupy an important trophic level 
(primary consumers) in aquatic ecosystems (Amri et al. 
2014). Information about macroinvertebrates are used for 

the determination of the health status of aquatic systems as 
well as their functionality (Edegbene and Arimoro 2012). 
Macroinvertebrates are strategic in profiling the ecological 
health status of freshwater environment as they have been 
widely explored using their biological indices/features such 

 * Olusegun E. Olatunji 
 seguntunji7777@gmail.com

 * Augustine O. Edegbene 
 ovieedes@gmail.com

1 Department of Biological Sciences, College of Basic 
and Applied Sciences, Glorious Vision University, Ogwa, 
Edo State, Nigeria

2 Department of Zoology, Faculty of Life Science, Ambrose 
Alli University, Ekpoma, Edo State, Nigeria

3 Laboratory of Applied Hydrology and Environment, Faculty 
of Sciences, University of Lome, Lome, Togo

4 Department of Natural Sciences, Faculty of Sciences 
and Technology, University of Kara, Kara, Togo

5 Department of Biological Sciences, Faculty of Sciences, 
Federal University of Health Sciences, Otukpo, Nigeria

6 Institute of Global Health and Health Security (Climate 
Change & Health), Federal University of Health Sciences, 
Otukpo, Nigeria

http://crossmark.crossref.org/dialog/?doi=10.1007/s11756-024-01781-8&domain=pdf
http://orcid.org/0000-0001-7754-4709
http://orcid.org/0000-0003-4032-3923


 Biologia

as their richness, abundance, diversity and distribution (Ola-
tunji et al. 2023). Furthermore, these indices are influenced 
by the availability of food resources, sediment type, physico-
chemical content, water quality and predation relationship 
in the environment that harbours the macroinvertebrates as 
well as their behavioural and adaptation patterns (Edegbene 
et al. 2021; Olatunji et al. 2023; Liang 2023). Macroinverte-
brates have been used globally to monitor changes in aquatic 
ecosystems for decades (Arimoro and Ikomi 2009; Adu and 
Oyeniyi 2019; Edegbene et al. 2021; Edegbene 2022).

The adaptation of macroinvertebrates to varying degree 
of environmental factors, their sensitivity/tolerance level to 
pollution, abundance and diversity can be proxy to ascertain 
the condition of the environment (Adu and Oyeniyi 2019). 
According to Odume (2020), changes in the abundance of 
macroinvertebrates in a river can reflect the influence of 
anthropogenic activities on the river. Macroinvertebrates 
respond to environmental stress and pollutants differently 
and their diversity also forms important ecological profil-
ing indices, hence their usefulness in biomonitoring aquatic 
ecosystems (Odume 2020). Furthermore, macroinvertebrates 
diversity indices form important conservative influence in 
biomonitoring and is a function of species richness, taxa 
composition, evenness, etc. (Tampo et al. 2020; Olatunji 
et al. 2023). For instance, the decrease in the taxonomic 
composition of macroinvertebrates is concomitant to deg-
radation of the water quality of rivers (Amri et al. 2014). 
George et al. (2009) asserted that the diversity of insect 
orders correlates with physico-chemical parameters in 
freshwater bodies while decrease in the diversity of macroin-
vertebrates portends poor water quality. The relationships 
between physico-chemical parameters and macroinverte-
brates have been widely discussed by freshwater scientists 
globally (Edokpayi et al. 2010; Amri et al. 2014; Forio 
et al. 2016; Odigie 2019; Edegbene et al. 2020; Aghajari 
et al. 2021; Liv et al. 2019). Hence, the wide exploration 
of macroinvertebrates as biomonitoring tools for assessing 
the ecological health status of riverine ecosystems (Olatunji 
et al. 2019).

Biomonitoring of rivers is a global activity towards 
understanding the ecological health status of aquatic eco-
systems (Wang et al. 2023). The ability of macroinverte-
brates to respond to different level of environmental stress-
ors, little or no mobility, tolerance/sensitivity to pollution, 
easy/cheap mode of sampling, larger species richness and 
genetic diversity made them to be widely integrated for 
long- and short-term environmental biomonitoring (Omo-
voh et al. 2022; Edegbene 2022; Olatunji et al. 2023). Many 
biotic indices based on macroinvertebrates have been pro-
posed in evaluating the health status of running waters in 
the Afrotropics (Akamagwuna et al. 2019; Edegbene 2020; 
Tampo et al. 2020; Katswangue et al. 2021; Edegbene 2022). 
Despite the several studies on the use of macroinvertebrates 

for developing biomonitoring tools in Africa, more studies 
are needed, especially in the current study area (the Uwagbe 
River) where study of this kind had not been done. This 
further justifies the use of macroinvertebrates for developing 
biomonitoring tools for effective river systems management 
and sustainability tracking in the Afrotropics.

Globally, the sustainability and management of freshwa-
ter ecosystems have become great challenges due to agri-
cultural and industrial run off, waste disposal, dredging, oil 
exploration/exploitation, climate change and urbanization, 
leading to the pollution problems facing rivers and their 
inhabitant biota (Edegbene and Arimoro 2012; Olatunji et al. 
2022; Qian 2023). Most of these disturbances are presently 
occurring in the catchments of the Uwagbe River, hence this 
current study is pertinent to forestall further degradation in 
the river.

The Uwagbe River is a very important freshwater system 
that serves various communities where it passes through in 
Esanland, Edo State, Nigeria. The Uwagbe River is used 
for several domestic and commercial undertakings such as 
drinking, washing, dredging, irrigation, fishing, domestic 
and religious activities. As a result of the increase in the 
population of the surrounding towns and urbanization chal-
lenges, many anthropogenic activities occur at different 
reaches of the river, increasing the level of pollution thereby 
reducing its health status. The aim of this research was to 
estimate the degree of the pollution in the Uwagbe River 
using macroinvertebrates and physico-chemical parameters.

Materials and methods

Research area and selection of station

The Uwagbe River is positioned within the interception of 
latitude  6o30’53’’ N and longitude  6o4’54’’E of the equa-
tor (Fig. 1). The river flows from Urhio town through Uji-
ogba to Ugun towns in Esan West Local Government, Edo 
State, Nigeria. The Uwagbe River separates Ujiogba from 
Obazagbon town in Esan West and Uhunmwode Local Gov-
ernment of Edo State Nigeria, respectively. It serves various 
communities such as Uhi, Ughieghudu, Obazagbon, Ogwa, 
Ebelle and Okalo. The research area is in the tropical rain-
forest part of Nigeria distinguished by wet and dry seasons 
(Olatunji et al. 2022). The wet season spans from April to 
October and has a break in August while the dry season 
spans from November to March with dry harmattan sub-
season in December and January (Alens 2017). The zone 
has afrotropical climate with average yearly temperature of 
28 oC (22–34 oC), average yearly relative humidity of 69.5% 
(62–77%) and the rainfall extends from 2,000 to 2,500 mm/
year (Alens 2017). The catchments of the study area are 
dominated by dense canopies of trees and other vegetation 
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which include; Bambusa sp., Elaeis guineesis, Alocasia 
sp., Chromolaena odorata and Panicum maximum. Surface 
run-off and organic matter derived from the surrounding 
vegetation contribute to the allochthonous input resulting 
in increased deposition of organic particles in most of the 
reaches of the studied sites. The zone is characterized by 
the riverine structure composed of sand intermingled with 
lignite and spots of sand. Perturbation sources are animal 

and human faecal deposition, dredging, washing, bathing, 
agricultural run-off, decomposing religious sacrifices and 
domestic waste disposal.

Based on substrate type, human influence and accessibil-
ity during inundation period, three study locations repre-
senting upstream, midstream and downstream were carefully 
chosen for sampling. Station 1 is located at the upstream of 
the waterway, and the substratum are silt, sand and decaying 

Fig. 1  Map of the research area displaying the sampling stations of the Uwagbe River (Map of Nigeria displaying the location of Edo State and 
map of Edo State inserted)
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macrophyte. This station is wadable, devoid of much human 
activities except tapping of palm wine and soaking/washing 
of cassava; the dominant riparian vegetation are Bambusa 
sp. and Elaeis guineesis while the aquatic vegetation in the 
station are Eichhornia crassippes, Salvinia sp., Nymphaea 
lotus. and Lemna sp. Station 1 was chosen as the control 
station because there was little or no anthropogenic pres-
ence/perturbation. Station 2 is 1,010 m away from Station 1 
and is the mid-stream point on the river where the flow rate 
is minimal. The bed rock is made of silt, sand and decom-
posing macrophyte. This area is wadable with high level 
of human activities like fetching of water by villagers and 
tanker drivers, bathing, washing, grazing, and sand dredg-
ing. The dominant riparian vegetation are Zea mays, Raffia 
hookeri, Costus afar, Manihot sp., Discorea sp. and Elaeis 
guineesis while the aquatic vegetations there are Eichhornia 
crassippes and Lemna sp. Station 3 is 2100 m away from 
Station 2, the bed rock is made of silt, sand, stones and 
decaying macrophyte. The station is an open zone charac-
terized by higher current velocity. This area has low level of 
human activities like farming and deposition of sacrifices 
by worshippers of the river deity. The dominant riparian 
vegetation includes Zea mays, Manihot sp., Bambusa sp., 
while the aquatic vegetation there are Eichhornia crassip-
pes, Nymphaea lotus and Lemna sp. At this station, the river 
runs parallel to the Orhunworu River, but the two rivers do 
not mix.

Samples collection

Sampling of physico-chemical parameters and macroinver-
tebrates in all the stations were carried out monthly for 24 
months between March 2018 and February 2020. Sampling 
was carried out between 8 am and 10 am while laboratory 
analysis was carried out in the laboratory immediately after 
arrival from the field with the exception of biological oxygen 
demand (carried out five days after arrival).

Regarding the physico-chemical parameters, at each of 
the sampling stations, in situ parameters such as pH, tem-
perature, flow velocity and electrical conductivity (EC) were 
recorded and 500 ml plastic bottles washed with sulphuric 
acid were used to collect water samples 30 cm beneath the 
water surface in the direction against the water current for 
laboratory analysis on a monthly basis as earlier employed 
by Edegbene et al. (2019) and Olatunji et al. (2023). Phys-
ico-chemical parameters were measured following methods 
described in APHA (2015). Air and water temperatures were 
measured with mercury-in-glass thermometer. Water depth 
was measured with standardized stick calibrated in centime-
tres and flow velocity was determined by employing surface 
float method by timing a stopwatch. Electrical conductiv-
ity and pH were measured with HANNA Probe Analyzer. 
Dissolved Oxygen (DO) and Biochemical Oxygen Demand 

(BOD) were determined using Winklers’ Titrimetric method 
(APHA, 2015). Phosphate, nitrate and sulphate were meas-
ured using spectrophotometric method according to APHA 
(2015). Alkalinity was determined by titration using Phenol-
phthalein indicator method as earlier described by Edegbene 
et al. (2015).

Alongside physico-chemical parameters, macroinverte-
brates were also collected on monthly basis. Macroinver-
tebrates samples were collected from five biotopes – pool, 
run, riffle, sediment and bank root per station. A kick net 
(30 × 30 cm range and 500 μm mesh dimension) was used 
for kick sampling of macroinvertebrates at each station in 
all the biotopes except depositional (Arimoro et al. 2015; 
Edegbene 2022). Sampling was conducted by disturbing 
the substratum and emergent vegetation that house all the 
biotopes and toiling the kick net against the water current 
in a zig-zag form to dislodge the macroinvertebrates that 
were anchored to the substratum and vegetation. The net was 
positioned to collect the macroinvertebrates washed by the 
current. The biotopes received many kicks that lasted for six 
minutes to get a monthly sample. Van Veen grab was used 
to obtain macroinvertebrates from the depositional biotope 
as described by Olatunji et al. (2023). In order to reduce 
variation, macroinvertebrates were obtained from the same 
environment of riffle zones of the river in parts with expanse 
canopy coverage and riparian vegetation. All macroinver-
tebrates collected in the five biotopes at each station were 
summed together to get a composite sample. After each sam-
pling exercise, macroinvertebrates were kept in 10% forma-
lin for further analysis in the laboratory. All macroinverte-
brates were named and enumerated in the laboratory under a 
dissecting microscope and available identification guides by 
Gerber and Gabriel (2002), and Arimoro and James (2008).

Data analysis

SPSS statistical software (version 16.0) was used for the 
statistical analysis of the physico-chemical parameters 
(SPSS Inc 2007). Descriptive statistics: the standard devia-
tion, mean, minimum and maximum of the physico-chem-
ical parameters at each station were computed. The means 
obtained from the physico-chemical parameters were com-
pared within the stations with one-way analysis of variance 
(ANOVA). In order to determine the significant ANOVA 
(p < 0.05), Tukey’s post hoc Honestly Significant Difference 
(HSD) test was calculated. Principal Component Analysis 
(PCA) was carried out to relate physico-chemical parameters 
with the sampled stations using PAST v4.03 software pack-
age (Zuur et al. 2007). The abundance of macroinvertebrates 
was presented in tabular form and the spatial and temporal 
variation in abundance and composition of macroinverte-
brates were shown on a bar chart. ANOVA was performed 
to reveal the significance of the monthly composition of 



Biologia 

macroinvertebrates in the research area among the stations 
and months sampled. Faunal diversity and dominance analy-
sis involving taxa richness (Margalef index), diversity (Shan-
non-Weiner index, H), evenness (E) and Simpson dominance 
(D) indices were analyzed using PAST v4.03 software pack-
age (Zuur et al. 2007). Canonical Correspondence Analysis 
(CCA) ordination was constructed to clarify the connection 
of physico-chemical parameters and macroinvertebrate taxa 
among the sampled stations using PAST v4.03 software 
package. Before CCA ordination was constructed, the 14 
physico-chemical parameters analyzed were log transformed 
log (x + 1) to normalize the parameters prior to examination 
thereby preventing unjustified effects of farthest values on 
the triplot. In addition, Monte Carlo P- test@999 permuta-
tion was calculated to know the level of significance of the 
first two canonical axes of the CCA.

Results

Physico‑chemical parameters

The mean and standard deviation of the physico-chemical 
parameters within the sampled stations and their significant 
differences are displayed in Table 1. It shows that Station 
3 had significantly higher values of flow velocity, trans-
parency, water depth, nitrate, phosphate, sulphate, alka-
linity and BOD than Station 1 and Station 2. As shown 
by Tukey’s HSD test for multiple comparisons carried out 
between stations, Station 3 means were significantly differ-
ent from the means of Station 1 and Station 2. pH and DO 
significantly increased from Station 1 to Station 3. Con-
ductivity was significantly highest in Station 2 compared 
to Station 1 and Station 3.

Table 1  The Physico-chemical parameters of the Uwagbe River, Nigeria at the study stations from March 2018 to February 2020

*Nigerian Water Quality Standard for Inland Surface Water. FMENV (Federal Environmental Protection Agency) (1991) ** Guidelines for 
drinking water quality  (2nded.). World Health Organisation (WHO) (2004)

Months Maximum permissible 
limits

Variables Station 1 Station 2 Station 3 F-value p-value FMEnv** WHO***

Air temperature (oC) 27.06 ± 2.73
(23.7–33.2)a

27.92 ± 2.91
(23.9–35.4)b

27.73 ± 2.87
(23.9–35.0)b

3.50 0.00* 40

Water temperature (oC) 25.0 ± 2.61
(22.1–29.0)a

25.38 ± 2.81
(23.0–28.6)a

26.1 ± 2.89
(23.1–29.1)b

1.06 0.02* 40

Water depth (m) 0.44 ± 9.36
(0.30 − 0.64)a

0.56 ± 8.93
(0.41 − 0.75)b

0.61 ± 10.34
 (0.46 − 0.81)c

5.44 0.53 -

Transparency (cm) 10.83 ± 2.85
(7.0 − 16.0)a

9.10 ± 1.97
(5.0 − 14.0)b

15.78 ± 2.94
(9.0–25.0)c

8.7 0.23 -

Flow velocity (m  s−1) 0.32 ± 17.18
(0.13 − 0.45)a

0.36 ± 19.20
(0.17 − 0.50)ab

0.43 ± 24.35
(0.20–0.65)b

4.07 0.72 -

Conductivity (µS  cm−1) 8.81 ± 2.38
(4.8–12.10)a

10.18 ± 2.60
(5.5–13.3)b

9.41 ± 2.40
(5.2–12.6)ab

5.66 0.13 - 600

pH (6.1–8.5) a (5.3–7.8) a (5.1–7.9) b 6.0–9.0 7.0-8.5
DO (mg  L−1) 6.59 ± 1.28

(4.5–7.9)a
5.81 ± 1.17
(4.4–7.7)a

5.50 ± 1.03
(4.1–6.9)b

12.6 0.01E-5* 5.0 5.0

BOD5 (mg  L−1) 0.88 ± 0.50
(0.25 − 1.90)a

2.1 ± 0.38
(1.27– 2.95)b

4.44 ± 1.11
(3.59–5.54)c

12.1 0.05E-7* 10.0 5.0

Alkalinity (mg  L−1) 38.40 ± 2.32
(34.0–42.0)a

44.52 ± 2.90
(40.0–49.0)b

45.63 ± 2.72
(41.00–49.5)c

11.5 0.01E-10* - 600

Sulphate (mg  L−1) 5.33 ± 2.84
(2.0 − 13.0)a

10.63 ± 3.36
(6.0–19.0)b

17.50 ± 3.90
(8.0 − 25.00)c

18.3 1.01E-12* 200–400 250

Phosphate (mg  L−1) 0.31 ± 0.14
(0.04 − 0.86)a

0.36 ± 0.28
(0.03 − 1.22)b

1.37 ± 0.31
(1.06 − 2.37)b

9.15 0.13E-15* 5.0 -

Nitrate (mg  L−1) 0.85 ± 0.28
(0.78–0.97) a

2.1 + 0.77
(1.21–2.42) b

3.02 + 0.35
(2.71–3.95) c

27.3 0.02E-10* - -

Chloride (mg  L−1) 12.57 ± 1.01
(11.0-13.9)a

12.90 ± 0.85
(11.5–14.0) a

12.98 ± 1.00
 (11.3–14.2)a

2.8 0.06 - -
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PCA: UWAGBE

The relationship of physico-chemical parameters in the sam-
pled stations within the sampling period showed that the first 
axis had a percentage variance of 81.787% of the entire PCA 
value with an Eigenvalue of 11.4502 (Fig. 2). The second 
axis of the PCA had a percentage variance of 18.213% of 
the entire PCA value with an Eigenvalue of 2.54981 (Fig. 2). 
Physico-chemical parameters such as phosphate, alkaline, 
water depth, sulphate, flow velocity, nitrate, DO, BOD, pH 
and chloride were positioned on the first axis of the PCA 
(Fig. 2). Transparency, water temperature, sulphate, flow 
velocity and phosphate were positively correlated with Sta-
tion 3 (Fig. 2). Physico-chemical parameters such as water 
and air temperature, alkaline, conductivity, BOD and chlo-
ride are positively correlated with Station 2 (Fig. 2). Phys-
ico-chemical parameters such as pH and DO were associated 
with Station 1 (Fig. 2).

Thirteen (13) orders of macroinvertebrates comprising of 
32 families consisting of 45 taxa and 4,796 individuals were 
documented in this research (Table 2). Station 1 had the 
highest abundance of taxa with 2,006, followed by Sstation 
3 with 1,558 and Station 2 with 1,232 individuals.

The order Odonata had five families and the family 
Aeschnidae had the highestnumber of individuals (320) rep-
resented by Aeschna sp. while Anax sp. Ischnura sp. of the 
family Coenagrionidae had the least abundance (2) among 
the order Odonata. Order Coleoptera was represented by two 
families, namely Hydrophilidae and Dystiscidae. Cybister 
sp. was the most abundant (77) while Helochares sp. was 

the least abundant (7). In all stations, the number of mac-
roinvertebrates recorded in Station 1 was more than those 
of Stations 2 and 3. The order Hemiptera was represented 
by four families, namely Nepidae, Gerridae, Veliidae and 
Pleodae. Nepa sp. was the most abundant (98) while Micro-
velia sp. was the least abundant (14). Pleo sp. (Pleodae) 
was not seen in Stations 2 and 3. The order Diptera was 
composed of four families, namely Chironomidae, Tipuli-
dae, Simulidae and Tabanidae. Chironomus nilodorum was 
the most abundant (321) taxon in the order Diptera while 
Simulium sp. was the least (50) abundant. Ephemeroptera 
was represented by four families, namely Baetidae, Oligon-
euridae, Heptageniidae and Trichorytidae. Afronurus sp. was 
the most abundant (227) taxon while Elassoneuria sp. was 
the least abundant (27). Baetis tricaudatus (Baetidae) and 
Elassoneuria sp. (Oligoneuridae) were not collected from 
Stations 2 and 3. Plecoptera, Trichoptera and Lepidoptera 
were represented by Neopeta sp., Aethaloptera sp. and Nym-
phula stratiotata, respectively, and they were all present only 
in Station 1 (Table 2).

The order Decapoda was represented by three families, 
namely Atyidae, Potamonautidae and Palaemonidae. Carid-
ina africana was the most abundant taxa (268) while Pota-
monautes sp. was the least abundant (76). Caridina africana 
and Euryrhynchina sp. were more abundant in Station 2 (179 
and 97 individuals) than Station 1 (36 and 16 individuals) 
and Station 3 (53 and 14 individuals), respectively.

The order Mollusca was represented only by Potadoma 
moerchi of family Thiaridae, it was present only in Station 
3. The order Oligochaeta was represented by three families, 
namely Lumbricidae, Naididae and Tubificidae. Lumbricus 
sp. was the most abundant taxon (379) while Stylaris sp. was 
the least abundant (11). Nais sp., Stylaris sp. and Tubifex 
tubifex were absent in Station 1. The order Arachnida was 
only represented by Arrenurus sp. of family Arrenuridae and 
was present only in Station 3.

The dominant order numerically was Diptera (26.7%) fol-
lowed by Odonata (18.2%), Oligochaeta (15.6%), Ephemer-
optera (11.9%), Decapoda (11.8%), Coleoptera (4.6%), 
Hemiptera (4.3%), Plecoptera (2.5%), Trichoptera (1.8%), 
Amphipoda (1.2%), Mollusca (1.0%), Lepidoptera (0.2%) 
and Arachnida (0.1%) accordingly. The prominent taxa 
collected were Lumbricus sp. (7.9%), Chironomus nilodo-
rum (6.7%), Caridina africana (5.6%), Tabanus sp. (4.8%), 
Afronurus sp. (4.7%), Baetis tricaudatus (4.5%) and Aeschna 
sp. (4.3%).

Monthly and seasonal variations 
of macroinvertebrates

Overall, more macroinvertebrates (81.7%) were collected 
in the wet season (April-October) than in the dry season 
(18.3%) (November-March). The spatio-temporal analysis 

Fig. 2  Principal Component Analysis of selected physico-chemical 
parameters of Uwagbe River, Nigeria from March 2018 to February 
2020. Note: DIO: Dissolved oxygen, WAT; Water temperature; ART: 
Air temperature; TRN: Transparency; SUP: Sulphate; FLV: Flow 
velocity; PHS: Phosphate; NIT: Nitrate; ALK: Alkaline; BOD: Bio-
chemical oxygen demand; CND: Conductivity; PH: pH; WAD: Water 
depth; CHL: Chloride
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Table 2  Abundance of 
macrobenthic invertebrates of 
the Uwagbe River, Nigeria at 
the study stations from March 
2018 to February 2020

Order Family Taxon Stations

Code ST1 ST2 ST3

Odonata Libellulidae Libellulida quadrimacolata
(Linnaeus, 1758)

Lib 140 38 5

Pachydiplax sp. Pac 62 0 0
Gomphidae Octogomphux sp. Oct 85 42 15

Hainus sp. Hai 40 19 12
Aeschnidae Aeschna sp. Aes 190 11 6

Anax sp. Ana 98 13 2
Coenagrionidae Coenagrion sp. Coe 31 11 4

Ischnura sp. Isc 2 0 0
Calopterygidae Calopteris maculata

(Palisot de Beauvois, 1807)
Cal 43 3 1

Coleoptera Hydrophilidae Hydrophillus sp. Hyd 38 12 5
Helochares sp. Hel 7 0 0

Dystiscidae Cybister sp. Cyb 55 13 9
Philodyter sp. Phi 30 0 0
Lybrister sp. Lyb 47 3 1

Hemiptera Nepidae Nepa sp. Nep 56 29 13
Gerridae Gerrid sp. Ger 44 11 4
Veliidae Microvelia sp. Mic 9 4 1
Pleodae Pleo sp. Ple 37 0 0

Diptera Chironomidae Chironomus nilodorum (Kleffer, 1921) Chi 46 46 229
Chironomus transvaalensis (Kleffer, 1923)
Pseudochironomus sp.

Cht
Pse

17
6

69
42

88
100

Pentaneura sp. Pen 5 66 105
Crilotopus sp. Cri 0 5 61

Tipulidae Tipula sp. Tip 0 27 89
Simulidae Simulium sp. Sim 4 21 25
Tabanidae Tabanus sp. Tab 0 84 144

Ephemeroptera Baetidae Baetis tricaudatus (Dodds, 1923) Bae 218 0 0
Oligoneuridae Elassoneuria sp. Ela 27 0 0
Heptageniidae Afronurus sp. Afr 156 62 9
Trichorytidae Trichorytus sp. Tri 67 31 1

Plecoptera Perlidae Neopeta sp. Neo 121 0 0
Trichoptera Philopotamidae Aethaloptera sp. Aet 88 0 0
Lepidoptera Paralidae Nymphula stratiotata (Linnaeus, 1758) Nym 10 0 0
Decapoda Atyidae Caridina africana (Kingsley, 1882) Car 36 179 53

Euryrhynchina sp. Eur 16 97 14
Potamonautidae Potamonautes sp. Pot 17 22 37
Palaemonidae Macrobrachium sp Mac 17 28 49

Mollusca Thiaridae Potadoma moerchi (Reeve, 1859) Pom 0 0 48
Amphipoda Amphipodae Gammarus sp. Gam 51 7 0
Oligochaeta Lumbricidae Lumbricus sp. Lum 69 139 171

Naididae Dera sp. Der 21 28 102
Nais sp. Nai 0 39 77
Stylaris sp. Sty 0 3 8

Tubificidae Tubifex tubifex (Muller, 1774) Tub 0 28 63
Arachnida Arrenuridae Arrenurus sp. Arr 0 0 7
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showed that the highest number of macroinvertebrates were 
documented for Station 1 in July 2018 (194) and the lowest 
were documented for Stations 1 and 2 (13) in February 2020 
and December 2018, respectively (Fig. 3).

In July, 2018, the highest number of macrobenthos were 
collected (9.2%) while in December, 2018 the least number 
was obtained (1.15%). Odonata, Trichoptera, Coleoptera and 
Decapoda were most abundant in July, 2018. Hemiptera, 
Ephemiroptera and Diptera were most abundant in August, 
2018. Lepidoptera was most abundant in October, 2018 and 
July, 2019. Amphipoda was most abundant in September, 
2018 and Plecoptera in July 2019. Oligochaeta and Mol-
lusca were most abundant in August, 2019 while Arachnida 
occurred sporadically in 2018 and 2019 together (Table 3).

Analysis of variance revealed that differences in the 
monthly composition of macrobenthic invertebrates in the 
research area were highly significant (p < 0.05) among the 
stations sampled, but no significant difference was revealed 
among the monthly samples collected during the study 
period by the Tukey HSD test.

Dominance and diversity indices

The dominance and diversity indices for Stations 1, 2 and 
3 are presented in Table 4. Margalefs index showed maxi-
mum species richness for the macrozoobenthos collected in 
Station 1 (4.73), followed by Station 2 (4.49) and Station 
3 (4.49). Shannon-Wiener diversity index (H) showed that 
Station 1 had the highest index (3.22), followed by Station 
2 (3.06) while Station 3 had the lowest value (2.89). Statisti-
cally, the indices were significantly different between all the 
stations (p < 0.05). The evenness index (E) showed that Sta-
tion 1 had the maximum evenness of distribution (0.68) and 
Station 3 had the minimum evenness of distribution (0.53). 
The maximum Simpsons’ dominance was recorded in Sta-
tion 1 (0.95) while Station 3 had the minimum (0.93).

Multivariate analysis related to selected 
physico‑chemical parameters 
and macroinvertebrates composition

The Canonical Correspondence Analysis (CCA) ordination 
showed positive relationships among species abundances 
and calculated ecological variables (Fig. 3). 83.51% of the 
data variation was accounted for by the first canonical axis 
while the second axis accounted for 16.49%. The Eigenvalue 
of axis 1 was 0.5946 while that of axis 2 was 0.1174. Monte 
Carlo permutation test at 999 permutation argument showed 
that the first and second axes were not significant (p > 0.05) 
in the CCA correlation among macrobenthic invertebrate 
families and physico-chemical parameters concentration. 
Chlorine, alkalinity, BOD, water depth, nitrate and phos-
phate were positively correlated with these macrobenthos Ta
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families – Lumbricidae, Chironomidae, Potamonautidae, 
Tabanidae and Palaemonidae in Stations 2 and 3. pH and DO 
were correlated with Amphipodae, Hydrophilidae, Gerridae 
and Libellulidae families in Station 1 (Fig. 4).

Discussion

Water quality

The composition of aquatic macroinvertebrates, their dis-
tribution and abundance are influenced by the geomorphic, 
physico-chemical and biotic factors, namely water quality, 
food supply, predation, competition and nature of substrate 
(Akamagwuna et al. 2019; Olatunji and Anani 2020; Ede-
gbene et al. 2021; Wen et al. 2024). The outcomes of the 
present study area showed that all the physico-chemical 
parameters recorded were within the recommended limits of 
World Health Organisation’s water quality standard for pota-
ble water (WHO 2004) and Nigerian water quality standard 

for inland surface water (FMENV 1991) except the pH and 
DO of Stations 2 and 3 in some of the months sampled. 
Additionally, the BOD of Station 3 from July to September 
2018 were higher than the recommended limits of FMENV 
(1991) and WHO (2004).

Considering the mean values of of all physico-chemical 
parameters analysed, it was only the pH of Station 3 that was 
below the recommended limits of WHO (2004) and FMENV 
(1991), all other parameterss were within the permissible 
limits of WHO (2004) and FMENV (1991). Overall, the 
DO and pH values of Station 3 were significantly lower 
than those of Stations 1 and 2, indicating the deteriorating 
state of the water in Station 3 due to anthropogenic activi-
ties. The anthropogenic activities in Station 3 were peculiar 
compared to the other stations considering the deposition of 
sacrifices in the river by worshippers of the river deity and 
the river running parallel to the Orhiomwhan River in the 
station which might explain the lower pH, higher nutrients 
and BOD recorded there compared to others. Other studies 
in the Afrotropics and Asia have reported similar results 
(Arimoro et al. 2014; Keke et al. 2021; Edegbene et al. 2021; 
Xue et al. 2023).

The PCA showed that parameters such as sulphate, phos-
phate and electrical conductivity were positively correlated 
to Stations 2 and 3, while pH and DO were positively cor-
related to Station 1. The 14 physico-chemical parameters 
explained 53.5% of all the variance. According to Liu et al. 
(2021), such variance value is moderate enough to make 
reliable and useful deduction about the characteristics of 
the total dataset.

Fig. 3  Spatial and temporal variation in the composition of mac-
robenthic invertebrates of the stations sampled in the Uwagbe River, 
Nigeria from March 2018 to February 2020. Note: -18: 2018; -19: 
2019; -20: 2020

Table 4  Diversity of benthic macroinvertebrates in the study stations 
of the Uwagbe River, Nigeria from March 2018 to February 2020

Index ST1 ST2 ST3

Taxa_S 37 33 34
Individuals 2006 1232 1558
Dominance_D 0.05 0.06 0.07
Simpson_1-D 0.95 0.93 0.93
Shannon_H 3.22 3.06 2.89
Evenness_e^H/S 0.68 0.65 0.53
Margalef 4.73 4.49 4.49
Equitability_J 0.89 0.87 0.82

Fig. 4  CCA ordination based on macroinvertebrates abundance and 
environmental parameters of the Uwagbe River, Nigeria from March 
2018 to February 2020. (Macroinvertebrates codes are from Table 2, 
Physico-chemical parameters codes are from Fig. 2)
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Macroinvertebrates assemblage and diversity

The composition of macroinvertebrates consisting of 32 
families, 45 taxa and 4,756 individuals collected from the 
Uwagbe River is within the range observed by Edegbene and 
Arimoro (2012), Arimoro et al. (2015) and Odigie (2019). 
The diverse nature of the macroinvertebrates collected was 
also likely due to the different niche compartments within 
the study sites and the behavioural and adaptation patterns 
of the taxa collected.

Karrouch et al. (2017) reported that water bodies with 
high quality physico-chemical parameters influenced the 
growth and abundance of aquatic macroinvertebrates. The 
order Diptera dominated in terms of taxa and individuals 
collected, this was in line with the works of Olomukoro and 
Dirisu (2014) and Edegbene (2022). The physiological and 
morphological adaptations of the dipteran larvae to different 
aquatic microhabitats (niches) could contribute to their high 
abundance in the Uwagbe River. Odigie (2015) observed 
that chironomid in the order Diptera colonized diverse 
aquatic niches including perturbed water due to their ability 
to use inherent haemoglobin to attract oxygen from water.

Potadoma moerchi was only found in Station 3, which 
may be due to macrophyte vegetation providing them with 
shelter and sustenance as they are periphytic in nature 
(Tampo et al. 2021). Furthermore, the presence of stones in 
the substrate of Station 3 may also be the reason P. moerchi 
was predominant in the station as stones contain calcareous 
shells building materials (Edegbene and Arimoro 2012).

The spatio-temporal dynamics of the population of mac-
roinvertebrates showed that more organisms were collected 
in the wet season (81.7%) than in the dry season (18.3%). 
This is in congruence with the results of Abebe et al. (2009) 
for Borkena river, Ethiopia and Edegbene (2022) for the 
Owan River, Southern Nigeria. Edegbene and Arimoro 
(2012) had earlier reported that wide distribution of mac-
roinvertebrate in the wet season may be occasioned by flood 
and erosion which disperse some of the macroinvertebrates 
to the riparian zone of the river.

Overall, the number of macroinvertebrates recorded in 
the Uwagbe River is likely connected to the predominance 
of certain taxa such as Lumbricus sp and Chironomus sp. 
which can survive in the river with various environmental 
variables. For instance, the presence of Baetis tricaudatus 
and Aeschna sp. in Station 1 (pollution sensitive taxa) and 
Chironomus sp. and Lumbricus sp. in Station 3 (tolerant 
taxa) showed the diversity of macroinvertebrates across the 
different stations studied in this research (Edegbene and Ari-
moro 2012; Arimoro et al. 2015; Akamagwuna et al. 2019; 
Edegbene et al. 2023). For diversity indices, Margalef’s 
index was highest in Station 1 (4.738) and lowest in Station 
3 (4.365) showing that Station 1 was richest in species while 
Station 3 had the least diversity of macroinvertebrates. This 

conformed with the works of Odigie (2019) in a river system 
in Benin, Edo State, Nigeria. Based on the values of the 
diversity indices, it is conclusive that the sampled stations 
were subjected to varied levels of disturbances.

Simpson’s dominance index (D) showed that Station 3 
with the lowest dominance value of 0.9252 was more diverse 
in taxa composition compared to the other stations. Station 
1 had the most dominant species with Simpson’s index of 
0.9476 due to the predominance of Baetis tricaudatus. This 
was connected to the less perturbed state of Station 1 as a 
result of high number of pollution sensitive species in this 
station and agrees with the result of Edegbene et al. (2021) 
in riverine ecosystems in Southern Nigeria. Shannon-Weiner 
diversity index decreased from Station 1 (3.202) to Station 3 
(2.839) as earlier reported by Arimoro (2009) and Arimoro 
et al. (2015) in the Ogba River, Southern Nigeria, where 
diversity of macroinvertebrate taxa decreased from the least 
impacted to the most impacted sites.

Macroinvertebrates and environmental factors 
interactions

The CCA analysis conducted for this study showed signifi-
cant interactions between macroinvertebrates’ abundance 
and environmental parameters (Edegbene et al. 2019). The 
CCA triplot showed that some pollution tolerant families 
such as Simulidae, Lumbricidae, Chironomidae, Potamo-
nautidae and Palaemonidae were positively associated with 
increased nutrients, salinity and alkalinity in Stations 2 and 
3. Similarly, other studies (e.g. Olomukoro and Disu 2014; 
Arimoro et al. 2015) had attributed the deteriorating state of 
river ecosystems to the presence of pollution tolerant taxa. 
Most macroinvertebrates families sensitive to pollution such 
as Hydrophilidae, Gerridae, Libellulidae and Amphipodae 
were collected in Station 1, the least perturbed site. These 
macroinvertebrates were positively correlated with increased 
DO in Station 1. Edegbene and Arimoro (2012) showed that 
these species were associated with clean water conditions 
and had earlier been reported to positively correlate with 
increasing DO concentration.

Conclusion

The research work is a comprehensive report on the effects 
of anthropogenic influences on the Uwagbe River in Edo 
State, Nigeria through studying crucial physico-chemical 
parameters and macroinvertebrate community structure. The 
results of the study showed that the downstream of the river 
is prone to pollution from anthropogenic activities emanat-
ing from agricultural activities, dredging, bunkering and sac-
rificial items from traditionalists. This had resulted in the 
deterioration of the health status for the river. Station 1 was 
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the least perturbed, while Station 2 was the moderately per-
turbed and Station 3 was the heavily disturbed with serious 
public health concern. In order to conserve the biodiversity 
of the river, biomonitoring using macroinvertebrate fauna 
is non-negotiable. We recommend further research should 
be carried out along the entire stretch of the river to confirm 
the current study results.
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