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This study evaluated the macro-invertebrate fauna in water bodies of southern Nigeria spanning
the rainforest and derived savanna ecozones. The benthic macro-invertebrate fauna of Edo
Ecozone comprises 55 taxa, belonging to 13 major groups. The abundance of major taxonomic
groups varied considerably among the surveyed aquatic ecosystems. Chironomidae (Diptera)
were well represented and dominant in 11 of the 20 water bodies surveyed. Most rare and
restricted species were gastropods (Mollusca), one such species, Mutela cf. dibia, being
endemic to the catchment. The overall abundance was maximal (97) at Okomu River in the
lowland forest and minimal (5) at Avielle River in derived savanna, respectively. The human
impact on macro-invertebrate biodiversity is documented, including changes in benthic fauna
distribution patterns.
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INTRODUCTION
In the past two decades, there has been a tremen-
dous fear of a possible global biodiversity crisis
arising out of a rapidly accelerating loss of species,
populations and natural habitats such as tropical
rainforests and wetlands. It has been estimated
that more than half the habitable surface of the
planet has already been altered by human activity
(Hengeveld 1990). Also suggested is that we are on
the verge of mass extinctions of species (McCarthy
2002). These concerns stem from the realization
that our knowledge of the diversity and variability
of plants, animals, microorganisms and the eco-
systems in which they occur is woefully incom-
plete.

The global biodiversity crisis arising from over-
exploitation and pollution of water bodies is of great
concern. Consequently, the degradation of water
bodies necessitates regular assessment and man-
agement of Nigeria’s aquatic resources. The sedi-
ments of all water bodies, either lentic or lotic,
contain vast numbers of invertebrate macrofauna
(species visible to the unaided eye) which are used
to assess water quality in rivers (Elliot & Drake
1981). Not only are they numerically abundant,
they are also taxonomically diverse. Hynes (1972)
observed that the aquatic animals, which live on,
in or near the substratum of running waters,
include the nematodes, annelids, insects, crusta-
ceans and molluscs. The few notable studies docu-
menting the freshwater fauna in this region are
those of Olomukoro & Victor (1999) and Olomu-

koro & Ezemonye (2000), who worked on the
macrobenthic fauna of a first order stream, a tribu-
tary of Ikpoba River, Benin City; while Ogbeibu &
Egborge (1995) worked on the macro-inverte-
brates of some water bodies in Okomu Forest
Reserve, Benin City.

The impacts of river impoundments through the
building of barriers (Cambray 1991; Ogbeibu &
Oribhator 2000), road and bridge construction
(Ogbeibu & Victor 1989), and river flow modifica-
tion (Kleynhans 1996) on the water quality and
fauna of downstream lotic reaches have been
addressed (Egborge 1991). However, the impacts
of human activities on water bodies in the Edo
State Ecozone have not been studied, which
prompted this survey.

The objectives of this ecological assessment were
to analyse the composition, abundance, diversity
and distribution of macrobenthic fauna in the
water bodies of rainforest and savanna areas, and
to document changes in distribution patterns
associated with ecological alteration due to
human activity, with a view to making recommen-
dations for the effective management of these eco-
systems

STUDY AREA
Edo State Ecozone lies between 5°05’ and 6°40’E,
and 5°15’ and 7°34’N. It has a total land area
of 19 794 km2, most of which consists of low plains
with great networks of water bodies (Fig. 1). The
climate is tropical, and primarily regulated by
rainfall. The wet season covers the period May–
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October while the dry season is usually Novem-
ber–April. The average annual rainfall is 312 mm,
while the mean minimum rainfall is 15 mm
(Olomukoro & Victor 1999). The minimum air
temperature recorded is 22°C, and the maximum
34°C.

The zone has no fewer than 25 rivers and their
tributaries, each with a separate drainage region.
The rivers run in an East–West direction. The
water bodies had low conductivity, ranging
from 14.6–149.6 µS/cm (with mean value of 57.9 ±

10.7), and pH was slightly acidic to circum-
neutral with pH 5.05–7.76 with a mean of 6.0 ±
0.14. The dissolved oxygen ranged from 5.5–
8.0 mg/l (with a mean of 6.7 ± 0.1 mg/l). The salin-
ity was zero.

The upper reaches of most of the rivers, particu-
larly in the northern part, are mountainous, origi-
nating in small springs and characterized by
shallow, fast flowing water and rocky beds with
sandy pockets. Some of these are intermittent
streams observed to overflow their banks during
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Fig. 1. Map of Edo State showing the study area and sampling sites.
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the rainy season. The lower regions of the rivers
run through the coastal plain, and the river
beds comprise fine, sandy, muddy sediment with
submerged vegetation.

Edo Ecozone is divided in this study into three
areas as follows:
i. Freshwater swamp, from Osse River to Ovia

River, covering three sampling sites.
ii. Lowland forest rivers, from Ogbese River to

Ehor River, with ten sampling sites.
iii. Derived savanna, from Owan River to Okpilla

River, with seven sampling sites.
Egborge (2002) was used as a guideline in the

identification of 12 environmental impacts moni-
tored in the various study areas (Table 1). The
effects of farming activities runoff/siltation, ero-
sion and flooding impact on more than 70% of the
rivers.

MATERIALS & METHODS
Two sampling methods were used for the collection
of benthic organisms. First, benthic samples were col-
lected with an Ekwan grab (15 × 15 cm) as recom-
mended for sand and silt (Hynes 1961; Elliot 1977).
Contents trapped by the grab were processed as
described by Olomukoro & Victor (1999). Second,
the aquatic macrophytes were sampled by the
‘kick’ sampling method used by Hynes (1961).
Samples collected were sieved with a set of Tyler
sieves of 20 cm diameter and mesh sizes of 2 mm,
1 mm, 150 µm and 100 µm, respectively. The con-
tents retained in the sieves were washed into poly-
propylene sampling bottles containing 10%
formalin. A dissecting microscope was used to sort
out the macrobenthic organisms in the laboratory.
The organisms collected were stored in labelled
specimen bottles containing 4% formalin for later
examination.

For quantitative analysis, up to 12 samples per
site may be required, but this restricts the number
of sites that can be sampled (Hynes 1961). In this
study, we followed Towns (1979) in taking three
replicate samples per site in each trip. These were
pooled to avoid the effects of selectivity by the
sample and species aggregations.

Benthic organisms were identified by reference
to appropriate keys and works of Ward & Whipple
(1959), Pennak (1953), Powell (1983) Mellanby
(1963), Hynes (1972), Needham & Needham
(1982), Olomukoro (1996) and Brinkhurst (1966).
Owing to limited taxonomic knowledge of the
benthic fauna of Nigeria, some specimens were
assigned to generic level only.

Data analysis
In characterizing the different biotic communi-

ties, Margalef ’s index of species diversity (Clifford
& Stephenson 1975), Shannon-Wiener (Shannon
& Weaver 1949) and evenness indices were used to
assess components of species diversity in streams
systems.

The modified form of Simpson’s index (devel-
oped by unbiased eliminator for sampling from
an infinite natural population) referred to as
measures of dominance was also used (Ogbeibu
2004).

RESULTS

Status of benthic macrofauna
Fifty-five taxa were recorded from the widely

surveyed aquatic ecosystem in Edo State Ecozone.
These comprised Nematoda (two species),
Annelida (Oligochaeta, 5 spp.; Hirudinea, 2 spp.),
Decapoda (5 spp.), Ephemeroptera (6 spp.),
Odonata (Anisoptera, 4 spp.; Zygoptera, 4 spp.),
Hemiptera (1 sp.), Coleoptera (4 spp.), Trichoptera
(6 spp.), Plecoptera (1 sp.) and Arachnida (1 sp.),
Diptera (Ceratopogonidae, 3 spp.; Chironomidae,
7 spp.) and Mollusca (4 spp.) (Table 2).

Diptera constituted the dominant group with
32.54% density occurrence. Ephemeroptera and
Oligochaeta were next with 18.85 and 15.02%
density, respectively. The rare groups were
Nematoda (1.1%), Hemiptera (2.50%), Coleoptera
(3.53%), Trichoptera (3.53%) and Mollusca
(1.49%). Among the taxa recorded, Baetis sp.,
Cloeon sp. (Ephemeroptera), and Chironomus sp.
(Diptera) were most prevalent with 5.89, 7.21 and
9.13% density occurrence. Few taxa had low
densities of between 0.14 and 0.30%. These were
Stylaria fossularis (Oligochaeta), Macrobrachium dux
(Decapoda), Hydropsyche sp., Polycentropus sp. and
Stenophylax sp. (Trichoptera). Others included
Neoperla sp. (Plecoptera), Argyroneta aquatica
(Arachnida), Forcipomyia (Ceratopogonidae),
Lanistes sp. and Hydrobia sp. (Mollusca).

Eruvbi and Okomu rivers had the highest
numbers of individuals representing 14.28 and
12.81% population density of all collections, while
Igarra and Okpilla rivers had the least organisms
with 1.17 and 1.47%, respectively.

The overall maximum abundance was at Okomu
River followed by Eruvbi stream both located in
the lowland forest, while the lowest abundance
was recorded at Avielle and Igarra rivers, respec-
tively (Fig. 2). Gradual increase of macrofauna
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diversity in the freshwater swamp was observed
until a peak was obtained at Okomu River in the
lowland forest. A decrease occurred thereafter at
Ovia River with a downward trend in both species
richness and abundance until very low density
was obtained at Ehor, which is the last of the rivers
in the lowland forest. Fluctuation in species abun-
dance was minimal, with low density of occurrence
in the water bodies within the derived savanna
area. The abundance of major taxonomic groups
varied considerably among the aquatic ecosystems.
The family Chironomidae (Diptera) was well
represented and dominant in 11 of the 20 sites,
while Ephemeroptera (particularly Baetis sp.)
dominated eight of the aquatic ecosystems. The
rare species are the gastropods (Mollusca).

In terms of distribution, some taxa were cosmo-
politan, occurring in over 60% of the study area.
These were among the Oligochaeta, Nais sp.;
Ephemeropteran larvae, Baetis sp., Centroptilum
sp. and Cloeon sp. and 71.43% of the taxa in the
family Chironomidae, which comprised Chirono-
mus sp., Chironomus fractilobus, C. travalensis,
Pentaneura sp. and Tanypus sp. and Zygopteran
(Odonata) larvae, Coenagrion sp. and Enallagma sp.
Few species with single record were Macro-
brachium dux (Decapoda) found in Eruvbi stream, a

tributary of Ikpoba river, Ischnura sp. (Zygoptera:
Odonata) found in Okomu river, Argyronnecta
aquatica (Arachnida) found in Ogba river and
among the Mollusca Lanistes sp., Mutela cf. dibia,
Hydrobia sp. and Potadoma sp. found in Ikpoba,
Igarra, Ologbo and Owan rivers, respectively.

Restricted species include those of the benthic
groups [Decapoda, Anisoptera (Odonata), Tricho-
ptera and Plecoptera] found in rivers within the
freshwater and lowland forests.

Faunal diversity
Table 3 and Figure 2 show the heterogeneity

indices of water bodies in Edo State. Margalef ’s
species richness (D) was highest in Okomu River,
closely followed by River Utor and lowest in the
Ehor and Okpilla rivers. Shannon-Wiener diver-
sity indices ranged from 0.48 to 2.37. The rivers in
the derived savanna had low diversities, ranging
from 0.054 to 0.202, while the highest diversity
value of 2.37 was recorded in Ikpoba River. Rivers
in freshwater swamp and lowland forest, Osse,
Ologbo, Eruvbi, Ogba, Okhuo, Utor, Okomu and
Usen had diversity values >1.00 while for all
others the values were <1.00.

All the rivers except Owan, Avielle and Auchi
located in the derived savanna had low species

Olomukoro & Ezemonye: Macro-invertebrate fauna of rivers in southern Nigeria 7

Fig. 2. Macro-invertebrate abundance and species number in Edo Ecozone water bodies.



diversities compared to the rivers located in the
fresh/lowland forest area of Edo State.

Benthic macro-invertebrate equitability or even-
ness indices for all water bodies were <0.50, apart
from Ikpoba with the highest value (0.78),
followed by Okpilla (0.50). The lowest values were
recorded for Usen (0.13) and Ogbese (0.19).
Usually, the index varies from zero to one. When
equitability is one, it implies that all the species
present are all evenly distributed.

DISCUSSION
Changes arising from anthropogenic activities
have taken place in the aquatic ecosystem espe-
cially in the last two decades. This has affected the
aquatic habitat, and consequently, the macro-
invertebrates biodiversity. In the Nigerian low-
land rainforest, these changes have affected the
entire aquatic systems, particularly of two princi-
pal rivers in Benin metropolis, namely Ikpoba and
Ogba Rivers. They have witnessed pollution and
drastic reduction in benthic fauna (Ezemonye &
Kadiri 1998). Only the dipteran larvae Chironomus
fractilobus and C. travalensis, occurred at high pop-
ulation densities among other benthos in these
rivers. Some other Lowland rivers (e.g. Okhuo,

Utor and Ogbese) had the least anthropogenic im-
pact and sustained their original species diversity.

A total of 55 taxa were recorded in the assessment
studies. Ecologically important bottom fauna were
primarily from the major groups such as Diptera,
Ephemeroptera, Plecoptera, and Trichoptera,
which serve as bio-indicators of pollution in the
aquatic ecosystem. The dominance of dipteran
species in many tropical assemblages has been
acknowledged. This significance as indicators of
trophic status of freshwater ecosystem have been
stressed (Paterson & Fernando 1970; Ogbeibu
2001). The qualitative presence of Ephemeroptera
in almost all the water bodies in Edo State is
spectacular. They are also used as indicators of
environmental conditions (Olomukoro 1996).
They tend to live mostly in unpolluted lakes,
ponds, streams and rivers, where they contribute
substantially to secondary production. However,
very small amounts of organic pollution can some-
times, initially, increase the number and production
of certain species, while others are exterminated
(Williams & Feltmate 1992). Like Ephemeroptera,
Plecoptera and Trichoptera are restricted to cool,
clean streams and rivers with high dissolved
oxygen content. The former was found in two

8 African Zoology Vol. 42, No. 1, April 2007

Table 3. Diversity indices of macro-invertebrate fauna of Edo State.

Waterbody No. of species Abundance Diversity Shannon- Evenness Dominance
(D ) Wiener (H) (E)

Freshwater swamp
1. Osse 21 49 5.14 1.25 0.41 0.045
2. Ologbo 13 53 3.02 1.07 0.42 0.067
3. Eruvbi 22 87 4.07 1.23 0.40 0.057
Lowland forest
4. Ogba 27 81 5.92 1.33 0.40 0.031
5. Ikpoba 21 39 5.46 2.37 0.78 0.050
6. Okhuo 14 20 4.32 1.09 0.41 0.060
7. Utor 27 51 6.52 1.37 0.42 0.030
8. Okomu 33 97 7.00 1.51 0.43 0.061
9. Ovia 13 26 3.68 0.80 0.31 0.122
10. Siluko 10 19 3.06 0.96 0.42 0.092
11. Ogbese 12 23 3.50 0.48 0.19 0.360
12. Usen 9 17 2.83 1.15 0.13 0.020
13. Ehor 4 10 1.30 0.47 0.34 0.350
Derived savanna
14. Owan 9 21 2.63 0.94 0.43 0.054
15. Agbede 7 22 1.94 0.78 0.40 0.056
16. Avielle 4 5 2.65 0.58 0.42 0.100
17. Auchi 8 14 2.65 0.87 0.42 0.200
18. Agenebode 7 27 1.82 0.71 0.37 0.202
19. Igarra 5 8 1.92 0.65 0.40 0.090
20. Okpilla 4 10 1.30 0.70 0.50 0.130



rivers, Eruvbi and Ogba, while Tricoptera were
restricted to 80% the rivers in freshwater swamp
and lowland forest of the study area.

The benthic macro-invertebrates recorded were
those commonly found in tropical African fresh-
water ecosystems. The total number of taxa from
this survey was very low compared to records
from various lacustrine ecosystems in Nigeria
(Ogbeibu & Egborge 1995; Olomukoro 1996; Ajao
& Fagade 2002) where over 60 species have been
documented. O’Keefe & Uys (1998) reported high
numbers of taxa in separate studies conducted in
four South African rivers, namely the Sabie,
Mutale, Luvuvhu and Letaba, with 134, 104, 150
and 60 taxa, respectively. The Letaba River had the
most modified flow regime and the lowest num-
ber of taxa, but survey methods differed between
rivers, so results were not directly comparable.

High fluctuations in benthic organisms’ abun-
dance occurred in all the water bodies within the
ecozones particularly in the freshwater swamp
and lowland forest. The paucity of benthic macro-
invertebrate in the derived savanna water bodies
could be attributed to the season of sample collec-
tion. Samples were collected during the rainy sea-
son when the water bodies are characterized by
high levels of turbidity, and serve as a collecting
point for urban run-off water. Consequently, the
rivers overflow their banks during this period, and
benthic organisms, which are sessile in nature,
become susceptible to high current velocity in the
receiving water bodies. Benthic organisms, being
sessile, are easily swept away at high velocity
in streams. The rivers in the derived savanna
experience much less water pollution than those
in the lowland rainforest and freshwater swamps.
However, some dramatic environmental and
structural changes such as: 1) a sharp decrease in
water level in the rivers during the dry season; 2)
changes in water-flow regime as a result of flood
occurrence in the wet season; and 3) intensive
inland subsistence agricultural activities, which
adds a high nutrient load to the river water-
courses, are common features. Rivers in the
savanna ecozone are prone to flooding during the
wet season, thus altering the flow regime of the
rivers and the consequent alteration of the benthic
community. Neckles et al. (1990), Castella et al.
(1995) and Growns & Growns (2001) observed that
the alteration of community composition was the
most common response of macro- and micro-
invertebrates to modification of flow regimes in
river catchment areas.

This investigation agrees with previous reports
on the impact of road construction (Ogbeibu &
Victor 1989), industrial effluents (Egborge 1991)
and river impoundment through construction of
dams (Egborge 1979c; Ogbeibu & Oribhator 2002)
on the benthic invertebrates, plankton and fish
communities of Nigerian water bodies. Deteriora-
tion of water quality has been a major concern
within the last two decades. Some of the river
basins are sometimes subjected to deforestation
and other anthropogenic activities.

One exceptional river in this zone that has
received so much of anthropogenic pollutants
is River Niger (at Agenebode). This is because
its drainage system cuts across seven states in
Nigeria, resulting in drastic variation in benthic
macrofauna density.

The key reasons for the loss of benthic macro-
fauna were identified during the survey. These
are:
i) Habitats/niches loss due to human activities,
ii) Intense flooding and over flowing of the banks

during the rainy season,
iii) Sand mining prevailing at some of the locations,
iv) Biochemical changes of the water bodies, and
v) Introduction of anthropogenic pollutants

from domestic and industrial activities.
Observed economically important benthic

species utilized at the local level, which are highly
valued by man as a source of food were: Caridina
africana, Desmocaris trispinosa, Macrobrachium dux
and Mutela cf. dibia (Bivalvia). All benthic macro-
fauna also serve as source of food for fish. Thus
they occupy a significant position in the aquatic
food web (William & Feltmate 1992; Mackie 1998).
They are prevalent in freshwater streams and
swamps, especially in clear water forest area. The
Decapoda are generally unexploited except in spe-
cial situations where they are easily captured in
huge numbers with fine-meshed nets or baskets
(C.B. Powell, pers. comm.). They are harvested
annually from vegetation in water bodies and sold
in other areas during the dry season in the central
part of the Niger Delta.

Species diversity is known to be highly variable
in streams in response to disturbance, resource
availability and the presence of suitable habitat
(Fowler 2002). Higher diversity also results when
many species have equal or near-equal opportunity
of co-existence. Mckintosh (2000), in support of
this, observed that in the absence of disturbance,
community composition may be strongly influ-
enced by biotic interactions such as competition
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and predation. A decrease in diversity and corre-
sponding increase in abundance of a limited
number of species is a common community
response to environmental disturbance. That is,
low diversity is an indication of environmental
stress while high diversity is a reflection of
stress-free environment. The rivers in derived
savanna recorded low diversity compared to the
rivers in freshwater swamp and lowland forest.

Absence of proper implementation of existing
environmental policies, conservation strategy of
biodiversity in different biogeographical areas has
suffered a major set back (Giuseppe & Ancarani
2002). Both flora and fauna in the aquatic environ-
ment in Edo State Ecozone could be conserved if
relevant policies are stringently enforced. Certain
categories of renewable resources require deliber-
ate and crucial intervention (preservation and
out-right protection) in order not to become irre-
trievable lost to present and future generations.
One key strategy that needs to be explored among
others for the effective water resource management
is the establishment of adequate controls and en-
forcement procedures to prevent contamination
and depletion of aquatic environment. Control of
diversity of untreated wastewaters into the rivers
should be enforced.
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