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A B S T R A C T   A R T I C L E  I N F O  

Benthic macro-invertebrate studies were done on Orhuwhorun River in Udu 

wetlands in Delta State, Southern Nigeria from March to December, 2011 in three 

selected stations. Sampling was done using a hand modified Eckman grab for sand 

and silt, the kick sampling technique and floatation method. They were sorted and 

identified using identification keys. A total of 2466 individuals were recorded in 

66 taxa species belonging to thirteen (13) groups. Crustacean was the dominant 

group (36.29%) closely followed by gastropoda (35.60%) and diptera (21.04%). 

Significant similarity in fauna composition was observed. Station 3 had the 

highest population density with a relative abundance of 58.19% followed by 

station 2 (32.03%) and station 1 (9.77%). Diptera had the highest species diversity 

while nematode and lepidoptera had the least amongst the groups. Station 1 had 

the highest species richness (d) followed by station 3 and least in station 2. Species 

diversity showed no significant difference between the stations. Values for 

pollution tolerance index ranged between 13 and 15 at the stations. The highest 

value for pollution tolerance (PTI) was recorded in station 2 and the least in station 

1. Positive significant correlations existed between most benthic organisms. The 

water quality is described as “fair”. 

Keywords: Benthic macro-invertebrates, Orhuwhorun River, Diversity, 

Pollution Tolerance Index (PTI). 
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Introduction 
Nigeria has a coastline of about 853 km 

inundated with different types of aquatic systems 

which are majorly estuarine in nature (Uwadiae 

2013). One of them is wetlands. Wetlands are 

transitional lands between terrestrial and deep water 

habitats where the water table is usually at or near the 

land surface and usually flooded (Egborge et al. 

2003). They include “areas of marsh, fen, peat-land 

or water, whether natural or artificial, permanent or 

temporary, with water that is static or flowing, fresh, 

brackish or salt, including areas of marine water, the 

depth of which at low tide does not exceed 6 m” 

(Ramsar Convention Secretariat 2007). Wetlands 

contribute significantly to world biodiversity (Keddy 

2010). They are one of the most important 

ecosystems in the world performing essential 

ecosystem services including preservation of 

biodiversity and providing habitat for many   

endangered species amongst others (Asibor 2009; Hu 

et al. 2017; Ogbeigbu and Ohiorobo 2020). 

The Udu wetlands cover part of an area that 

harbours the oil and gas industries and its allied 

industries and is usually susceptible to degradation 

and fauna loss in the water bodies due to water 

pollution either directly or indirectly. The loss of 

biodiversity and its effect seems to be greater for 

aquatic ecosystems than for terrestrial ecosystens 

because of its sensitive chemical nature.  

 

The benthic macro-invertebrate community 

occupies an important trophic level in wetland 

ecosystems and can also be found in a variety of 

habitats (Stenert and Maltchik 2007). They mix up of 

soils by their activities which include burrowing, 

ingestion and defecation of sediment grains (Aller 

and Cochran 2019). Nutrient transport across 

sediment is a major role played by these bottom 
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dwelling organisms. They also serve as a food source 

for other aquatic organism in the food chain (Silva et 

al. 2006) which when stressed such other organisms 

on the food chain is affected. Diaz et al. (2004) 

described benthic infauna as opportunistic species 

that can adapt to any habitat circumstance of possible 

benefits such as a dynamic salinity regime and 

variable physical conditions. Their composition, 

abundance, biomass and distribution patterns are to a 

large extent determined by a number of interacting 

variables of physical and chemical parameters like 

temperatue, dissolved oxygen concentrarion, salinity 

and biochemical oxygen demand (Ikomi et al. 2005; 

Hepp et al. 2013).  

 Benthic invertebrates are useful as bioindicators 

of environmental degradation in the aquatic 

ecosystems, ecological monitoring and assessing 

pollution status (Olomukoro and Osuinde 2015; 

Arimoro et al. 2015; Anyanwu et al. 2019). 

Biological monitoring is the systematic use of living 

organisms (benthic invertebrates) and their responses 

to their environment in the determination of water 

quality (Barbour and Paul 2010; Muralidharan 2010). 

Aquatic insects give a more accurate 

interpretation of changing aquatic conditions (Ikomi 

et al. 2005; Xu et al. 2014) and a more reliable 

assessment of pollution status in a waterway than 

other organisms like fish, due to the greater variety of 

insect species present in a water body representing an 

entire range of water quality tolerance. Some insects 

are only found in clean waters while some are 

facultative that is show no preference for either 

polluted or clean waters. The poorer the quality of the 

water body, the fewer the number and types of 

organisms that can live in it. Some species are more 

sensitive to chemical and physical changes than other 

species. If sensitive species are more available then 

the waterway is described as clean and of good 

quality. The objective of this paper is to determine the 

composition and diversity of benthic fauna in 

Orhuwhorun River and to determine the water quality 

of the river using the PTI key. 

Materials and Methods 
Study Area 

Orhuwhorun River in Udu wetlands is located 

between latitude 0547’-0552’E and longitude 

0528’-0533’N (Figure 1). It is a tributary flowing 

into Warri River and tidal influenced with a 12 hourly 

cycle. The river is about 7 m above sea level and 10 

km long with a sloppy and undulating terrain. The 

catchment’s area is surrounded by homesteads, 

houses, fish ponds, and shopping complexes. The 

bottom is more than 50% clay and the depth of the 

river is about 2.5 m. The study area consists primarily 

of freshwater swamp, mangrove swamp and tropical 

rainforest characterized by dense vegetation. It is 

dark and turbid flanked by red mangrove 

(Rhizophora racemosa), oil palm trees (Elaeis 

guinensis), mahogamy trees, raffia palm, Hevea 

brasilensis, Rahia hookeria, Alstonia sp., Ficus sp, 

Kigelia africana, Aestotrophyllum secundifloum, 

Clamitus sp., Lemna sp. and water hyacinth 

(Eichhornia crassipes). The shrubs around the water 

body include Alchoma laxiflora, Nephrolepsis 

biseraa, Amarathus sp and Anacandium occidentale 

etc. Farming, fishing and felling of trees are the major 

human activities alongside domestic activities such 

as bathing, laundry and defecation. The rainy season 

lasts from March to early November, while the dry 

season spans from November to February of the 

following year. 

Sampling Stations 

Station I 

Station I (N 05° 30’ 42.6”, E 05° 50’ 4.5”) is 

located in Orhuwhorun village, 5 m above sea level. 

It is about 2.8 km upstream of station II; the water is 

dark and turbid.  The water drains primarily through 

a thick freshwater swamp forest with an average 

velocity of 0.02 m/s. 

Station II 

Station II (N 05° 30’ 49”, E 05° 49’ 0.30”) is 

located 2.5 km upstream from station III and is at the 

center of Igbogidi village axis, 2 m above sea level. 

The substratum is mainly sand and silt. Human 

activities are fishing, bathing and washing. The flow 

rate was faster than station I with an average current 

velocity was 0.05 m/s. 

Station III 

Station III (N 05° 30’ 52.5”, E 05° 48’ 18.0”) is 

located at Ekete waterside, 7 m above sea level. The 

substratum is sandy silt (laterite). Human activities 

include timber felling, fishing, shrimping and 

laundry. The water is fast flowing with an average 

velocity of 0.18 m/s. 

Sampling of Macro-benthic Invertebrates  

Benthic macro-invertebrates were sampled 

randomly every two weeks using three methods.  

First, a 6-inch metal container (modified grab) was 

used to sample the substratum of the river. It was 

operated by hand in the shallow waters forced to a 

depth of 15-20 cm. The contents were sieved and put 

in sampling containers holding 10% formalin 

solution. Secondly is the kick sampling method 

(Victor and Ogbeibu 1985). Here, the water close to 

the bankroots and macrophytes is kicked with the leg 

to disturb the organisms and divert the flow of water 

to another direction where the sieve is placed to 

collect the detached and floating invertebrates and 

placed in sampling containers holding 10% formalin 
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solution. Thirdly, floating aquatic plants-water 

hyacinth (Eicchornia crassipes) was collected 

midstream and put in plastic buckets  

containing 10% formalin and left for 3-5 minutes. 

Then it is shaken vigorously within the bucket and 

transferred to another bucket of water. It is dusted 

again to shake off completely any organism still 

attached to its root (Olomukoro and Osuinde 2015). 

Then the contents of the buckets are filtered through 

a set of sieves. All samples were preserved in 

sampling containers holding 10% buffered formalin 

solution.
 

 

Figure 1. Map of study area showing sampled locations 

Sorting, Identification and Counting 

Sorting was done using an American optical 

dissecting microscope; model 570 with a 

magnification of 25- 40x, preserved in 4% formalin 

and stored in labeled specimen bottles. Identification 

and counting was done using a binocular Olympus 

microscope; model WF 10x. The methods of 

Olomukoro (1996) and Olomukoro and Ezemonye 

(2007) were employed for the identification of 

macroinvertebrate organisms and further confirmed 

with keys by Needham and Needham (1962), 

Mellanby (1963), Pennak (1978) and Olomukoro 

(1983). Some organisms were identified to generic 

level due to the poor knowledge of taxonomy in 

Nigerian fresh and brackish water. 

Statistical Analysis 

Statistical analysis was computed using the SPSS 

statistical package and micro-soft excel. Biotic 

indices to ascertain the diversity such as Margalef’s 

index (d), Shanon-Weinner index (H), Evenness 

index (S) and Dominance index (C) were analyzed 

using computer software known as PAST 

(Paleontological Statistics) (Hammer et al. 2001). 

Comparism between the stations was done using the 

single analysis of variance (ANOVA) and the 

significant difference pointed out using the Duncan 

multiple range tests, (DMR). Correlation between the 

macro invertebrates were analyzed to show the 

relationship between the parameters across the 

stations. 

Pollution Tolerance Index 

The health status of the water body was assessed 

using the method described by Klemm et al. (1990) 

under three groups. The first-pollution sensitive 

group of Epemeroptera, Trichoptera, and Coleoptera 

was multiplied by 3. The second-somewhat sensitive 

group of Decapoda, Zygoptera, Anisoptera and 

Diptera was multiplied by 2 and the third –pollution 

tolerant group of Oligochaetes, and gastropods was 

multiplied by 1. The total was summed up to get a 

value which was compared with PTI index categories 

in Table 1 for each station. 

Table 1: Pollution tolerance index categories and its 

description 

PTI index Description 

23 and above Excellent 

17-22 Good 

11-16 Fair 

10 or less Poor 
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Results 
A total of 2466 individuals belonging to 66 taxa 

were collected in this study. Station 1 recorded 37 

taxa species, station 2 recorded 45 taxa species and 

station 3 recorded 40 taxa species respectively while 

the number of individuals in each station were 241, 

790 and 1435 respectively (Table 2). Throughout the 

study period, among the dominant groups, dipteran 

population occurred more in the rainy season in 

station 1 except in May than in other stations. While 

station 3 recorded low numbers of dipteran 

population throughout the study period (Figure 3).

Table 2. General composition and diversity and abundance in the study stations 

Stations  Taxa 1 2 3 

Nematoda    

Diplogaster sp. 1 - - 

Annelida (Oligochaete)    

Nais simplex - - 1 

Nais osborni - 1 - 

Nais sp. 1 - - 

Lumbricus sp. 12 1 - 

Polychaeta    

Lycastoides alticola - - 1 

Lycastopsi sp - - 1 

Namanereis hawaiiensis 2 - 2 

Crustacean    

Caridina gabonensis - - 1 

Potamalpheops monody - 280 614 

Arachnida    

Sesarma alberti - - 28 

Agyronecta aquatic - 4 1 

Megapus sp - 1 - 

Ephemeroptera    

Baetis bicaudatus 3 - - 

Ephemerella ignita - 1 - 

Cleon simplex 3 1 - 

Cleon bellum 8 9 2 

Centroptilum sp. 1 4 - 

Unidentified ephemeroptera - - 1 

Odonata (Anisoptera)    

Libellula sp. 1 4 1 

Orthemis sp - - 1 

Gomphid sp 2 - - 

Zygoptera    

Hesperagrion heterodoxum - 3 - 

Enallagma sp 1 2 - 

Coenagrion scitulum - 1 1 

Lestes sp. - 1 - 

Hemiptera 

Pelocoris femoratus 

 

1 

 

- 

 

2 

Unidentified hemiptera - - 1 

Lepidoptera    

Lepidoptera larva 6 4 7 

Coleoptera    

Berosus sp. - 1 - 

Hydrophilus sp. 1 8 9 

Hydroptillid larva - 3 5 

Hydroporus larva - - 1 

Dysticus marginalis - 7 1 

Phylidrous larva 4 1 - 

Unidentified dysticus larva 1 1 2 

Unidentified coleopteran - 1 - 

Diptera    

Stilobezzia antenalis 1 - - 

Probezzia sp. 1 - - 

Palpomyia sp. 44 2 1 

Forcipomyia sp. 27 1 1 

Allaudomyia needhami 5 5 1 

Pentaneura sp. 10 40 26 

Polypedilum sp. 12 45 62 

Tanytarsus sp. 3 15 16 
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Table 2. Continued 

 

The benthic fauna was dominated by Crustaceans 

(36.29%) closely followed by Gastropods (35.60%) 

and Diptera (21.04%) (Figure 2).  The others fell into 

the category of rare groups having a population 

density <5% (Slack et al. 1977). They include 

Coleoptera (1.82%), Ephemeroptera (1.37%), 

Arachnida (1.37%), Lepidoptera(0.68%), 

Oligochaete (0.65%), Anisoptera (0.36%), Zygoptera 

(0.36%), Polychaeta (0.24%), Hemiptera (0.16%), 

and Nematoda (0.04%).

 

 

Figure 2: Overall composition of benthic macrofauna in the stations 

 

Nematoda

Annelida

Polychaeta

Crustacean

Arachnida

Ephemeroptera

Odonata

Hemiptera

Coleoptera

Diptera

Gastropoda

Stations  Taxa 1 2 3 

Diptera    

Chironomus fractilobus 15 14 17 

Chironomus travailensis 7 1 - 

Chironomid sp. 5 - - 

Procladius sp.  6 22 6 

Unidentified dipteran larva  - 1 - 

Unidentified diptera pupa - 1 - 

Cricotopus sp. 2 44 15 

Pseudochironomus sp. 3 6 1 

Culex sp. 7 6 4 

Tanypus sp. 10 6 2 

Gastropoda     

Neritina glabrata - 109 288 

Nerita senegalensis - 33 60 

Hydrobia sp. 4 7 4 

Hydrobia guyenoti 1 24 70 

Potamopyrgus sp. - 10 21 

Potamopyrgus ciliates - 54 110 

T. fuscatus radula - 3 - 

T. fuscatus fuscatus - - 48 

Planorbis complanatus 1 - - 

Limnea glabra 13 1 - 

Limnea auricularia 16 1 - 

Total  241 790 1435 
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Figure 3: Seasonal variation of the dominant macrobenthic fauna in the three stations 

The community structure include Nematode  

(1 species), Oligochaete (4 species), Polychaete  

(3 species), Crustaean (2 species), Arachnida  

(3 species), Ephemeroptera (6 species), Odonata  

(7 species), Hemiptera (2 species), Lepidoptera  

(1 species), Coleoptera (8 species), Diptera (18 

species) and Gastropods (11 species) (table 2).  

Species evenness (E) was highest in station 2 and 

lowest in station 3. Taxa richness (d) was highest in 

station 1 and lowest in station 2. Station 2 was highest 

for general diversity (D) while station 3 had the 

lowest diversity (table 3). There exist no significant 

differences in diversity between the stations. 

Comparism between stations using Sorenson’s 
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quotient showed strong similarity in species 

composition between the stations. Similarity was 

highest between stations 2 and 3 (62.7) and least 

between stations 1 and 3 (54.5).

Table 3: Diversity indices of macrobenthic fauna of the study stations in Orhuwhorun River 

INDICES  STN 1 STN 2 STN 3 
No. of taxa 37 45 40 

Percentage taxa (%) 56.06 68.18 60.60 

Number of individuals 241 790 1435 

Relative abundance (%) 9.77 32.03 58.19 

Margalef’s index (d) 1.823 1.349 1.513 

Shanon-Weinner’s index (H) 1.234 1.398 1.183 

Dominance index (D) 0.4592 0.2908 0.3709 

Simpson’s index (1-D) 0.5408 0.7092 0.6291 

Evenness index (S) 0.3122 0.4048 0.2719 

Menhinick’ s index 0.7086 0.3558 0.3168 

PIE 0.5523 0.8237 0.6308 

On the pollution tolerance index scale,  

it gave close values of 13, 15 and 14  

at stations 1, 2 and 3 respectively. Across the 

sampling months, it was highest in September 

and December (14) and lowest in April (3)  

(Figure 4). 

 

Figure 4. Spatial and temporal variation in pollution levels in the stations 

Discussion 

It is known that tropical streams record higher 

numbers of benthic fauna than temperate waters 

(Bishop 1973). This study recorded 66 taxa in the 

study period. The high taxa number recorded 

corroborates Olomukoro (1996) and Ajao and Fagade 

(2002). Previous works on Udu-ghievwen wetlands 

recorded 40 taxa (Olomukoro and Dirisu, 2014). 

Also, Agbede wetlands recorded 42 taxa (Olomukoro 

et al. 2013) despite its disturbance with lindane. 

However, It is important to note that the numbers was 

quite low when compared with other tropical water 

bodies such as Olomokoro and Egborge (2003) (138 

taxa species), Olomukoro (2007) (112 taxa species). 

Such differences may be as a result of variation in 

sampling methods, pollution and increased 

environmental and anthropogenic activities.  

The overall diversity of a water body is a product 

of all dynamic spatial and temporal changes affecting 

the communities and a reflection of the extent to 

which a biotope is disturbed by human activity (May 

1981). According to the intermediate disturbance 

hypothesis of diversity, disturbance either by 

predation or by physical process prevents species 

from reaching densities where competition begins 

and thus allows more species to co-exist than where 

there is no distubance (Gray 1985). This was 

observed in station 2 where species diversity is high 

(1.4) that is having more species co-existing together 

and at the same time having reduced taxa richness 
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(1.35). While in station 1 where there was relative 

calmness and much reduced disturbance by physical 

processes, the species diversity was low (1.23) and 

the taxa richness high (1.82). Olomukoro et al. (2013) 

was also of the view that human activities can 

significantly alter the eco-balance of any aquatic 

system.  

 Also observed in this study is that a high 

abundance of benthic invertebrates in aquatic 

ecosystem does not simultaneously mean greater 

species diversity in the system as seen in the upstream 

and midstream stations. This is seen in station 3 

having the highest abundance of benthic 

invertebrates (58.19%) and the least in species 

diversity (1.18) while station 2 which had a reduced 

abundance of species (32.03%) recorded the highest 

diversity (1.4).  

 The nature of the substratum or particle size 

distribution was a vital factor that influenced the 

occurrence and distribution of the benthic fauna. The 

dominant fauna were Diptera, Gastropoda and 

Crustaceans (P>15%). The dominance of diptera in 

tropic freshwater bodies has been acknowledged 

(Ogbeibu 2001; Olomukoro and Ezemonye 2007). 

The clayey sediment at the river bottom  may also 

have supported the ubiquitous dipteran  and 

gastropod population during exposure periods due to 

its ability to retain much water as the organisms 

burrow into the soil to find shelter. Other factors 

which support dipteral population include current 

(velocity, temperature, season, total suspended solids 

and vegetation). 

An important factor in shell formation is 

bicarbonate and acidity. These major factors affect 

gastropod distribution Thus they survive well in 

nuetral to slightly alkaline waters which favors the 

toughness and rigidity of their shells (Olomukoro and 

Azubuike 2009). This was the prevailing condition in 

this study. A study conducted by Spyra (2017) 

showed that a more diverse gastropod fauna was 

found in neutral ponds, whereas the lowest degree of 

diversity was found in ponds with the lowest pH. 

Gastropods were more downstream due to favorable 

conditions such as the presence of leaf litter which 

serve as food for them and extensive canopy cover 

provided by the trees and mangrove vegetation 

against predators (Lajtner et al. 2022). Economically 

important gastropod species such as Tympanotonus 

sp. and crustaceans are eaten by the locals in the area 

and by fish. Thus they play a vital role in the aquatic 

food web. They are detritus feeders and largely 

influenced by desiccation (Stickle et al. 2017). 

Eutrophication was an observed phenomenon in 

station 1 as a result of increased nutrients from flood, 

sewage discharge and runoff from dumpsites into the 

river at this point. Also, some portions of the river 

bank are used as a dumpsite releasing nutrient leak 

into the watercourse. Similar observation by Mandal 

et al. (2012) reported nutrient (phosphate) 

contamination from sewage discharge, use of 

detergents in water and runoffs laden with fertilizers. 

Eutrophication alters habitat structure for benthic 

organisms, reduces water clarity and affects oxygen 

levels in the water and increased heat. This may have 

affected the crustacean population as they were very 

much reduced at station 1 when compared to the other 

two stations. Studies have shown that crustaceans are 

susceptible to oxygen depletion and increased heat 

(Verberk et al. 2018). Generally, demand for oxygen 

in aquatic organisms increases abnormally with every 

10°C increase in temperature which directly affects 

their physiological activities (Halim et al. 2018). 

A wide variety of benthic organisms usually 

indicate clean water conditions. This is drawn from 

the fact that high quality water provides an optimum 

environment for the existence of a large number of 

species. Polluted water on the other hand imposes 

one or more limiting factors on the benthic 

community and restricts the variety of species that 

can survive in such conditions. Sensitive species of 

Ephemeroptera, Odonata, and Coleoptera occurred in 

low numbers at all three stations.  They are usually 

abundant in waters unpolluted with organic waste 

and lots of dissolved oxygen (Ezemonye et al. 2004). 

A low number of these sensitive species clearly 

indicates a compromised state in the water body. The 

close values of 13, 15 and 14 at stations 1, 2 and 3 

(Figure 4) respectively from the PTI scale fell in 

category of 11-16 which describes the water quality 

as “fair” (Klemm et al. 1990). Olomukoro et al 2015 

also reported PTI values in this category in Ekpan 

creek. Unlike the report given by Olomukoro and 

Dirisu (2013) who recorded water quality with values 

less than 10 in most stations. Olomukoro and Anani 

(2019) reported fair in some rivers, poor in others and 

excellent in a few rivers. 

The water quality status of the study area depicts 

susceptibility to pollution and contamination as 

anthropogenic activities increases along the river 

course. A strategic management plan is thereby 

recommended to preserve its diversity and maintain 

natural conditions in the wetland area. 
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