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Abstract— Macrozoobenthos are animals that live in or on the bottom substrates including sediments, rocks, snags and aquatic plants, of aquatic
ecosystems for at least part of their life cycle. They can be seen with the naked eye and usually greater than 0.5mm in diameters. They include
aquatic worms (flatworms, eelworms and segmented round-worms) and premature forms of marine insects such as stonefly and mayfly. Others
are crayfish, molluscs such as clams, bivalves and snails. These organisms are relatively immobile which compromises their ability to avoid the
impact of pollution in water habitats. This review further identified three features which makes them suitable as bioindicators to include; (i)
exposure to chemical contaminants mostly accumulated in sediment, (ii) exposure to dissolve oxygen levels that are low (hypoxia/anoxia) that
often occur close to the bottom surface as a result of organic matter degradation, (iii) taxonomic diversity and functions that make them suitable
for the detection of different types and levels of stress. They play key roles in energy fluxes and nutrient cycling; grazing ability (and in some areas
may prevent blooms), assist in organic matter breakdown and cycling of nutrients and, in turn, may become food for predators. Two major oil-
spills took place in Bodo Creek in 2008, which necessitated clean up in the oil-spill impacted creek. The review however identified four stages in
the life of macrozoobenthos in the area to include; pre-spill, post-spill, natural recovery and clean-up recovery stages. The review concludes that
although natural attenuation can lead to the recovery of damaged habitats including lost species post-spill, it is better to carry out cleanup for

faster and better recolonization of oil-spill impacted sites.
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1.0 INTRODUCTION

1.1 Bodo Creek

Bodo is a coastal community located in Gokana Local
Government Area, Ogoni in Rivers State, Nigeria. Other
Local Government Areas that make up Ogoni are Khana,
Tai and Eleme. Politically, the Bodo community is in the
South East Senatorial District of Rivers State. Bodo is a rural
community occupying (latitude 4836'N, longitude 7821E)
in the upper reaches of Andoni-Bonny estuarine ecosystem.
Mangrove swamps, some island forests and brackish water
creeks occupy over 65% of the community. This is generally
called Bodo Creek. Every day, the creeks in Bodo are
exposed and submerged due to the influence of low and
high tide, respectively. The community is divided into 35
villages under the leadership of a monarch king and his
council of chiefs[1].In 2008, two major oil-spill occurred in
Bodo Creek. Post-spill study [2] revealed a sharp decline in
the total population and abundance of macrozoobenthos
from the pre-spill studies on the creek [3], [4].

1.2 Biological Communities

Environmental factors help to structure biological
communities [5]. This is, in addition to the effect of
interactional relationship, among or between individuals
and groups that form a part of the populations,
assemblages, communities and ensembles [6].Species vary
in how much they tolerate changes in the environment with
the result that under polluted condition, a decrease in
diversity of species is the commonly noticed effect. Fish, the
vertebrate that has the highest population in the aquatic
environment, occupying the highest trophic levels of food
chains in the ecosystem are also affected by serious organic
and inorganic pollution [7]. Several investigators have
advocated for the use of invertebrates and fish as biological
indicators of the quality of water. For instance, a Tubifex
and Chironomus species dominated environment is a

reflection of a low oxygen concentration and high organic
enrichment. A clean stream naturally would be dominated
by an association of mayflies, stoneflies and caddis flies [8].
The negative impact of pollution on water quality which
consequently affect the abundance, species composition,
diversity of macro-invertebrate and fish fauna pose a great
threat to the sustained existence and preservation of water
bodies in Nigeria [8]. The effects of organic pollution on
macroinvertebrate communities have been greatly
investigated [9].

2.0 MACROZOOBENTHOS

2.1 Basic Description of Macrozoobenthos

These are animals >0.5mm that live in the bottom
substrates including sediments, rocks, snags and aquatic
plants, of aquatic ecosystems for at least part of their life
cycle [10]. They can also live on the substrates [11]. These
aquatic organisms are a diverse array of fauna with or
without backbones. They are retained by sieve or mesh
with pore size of 0.5mm, most frequently used in stream
sampling devices [12]. Macrozoobenthos, are usually larger
than 0.5millimeter (the size of a pencil dot). Sometimes they
can be found on sediment, while at other times they can be
partially/wholly buried in the sediment of the sea bottom.
These organisms include a diverse assemblage of fauna
across nearly all the animal phyla. Macrozoobenthos are
aquatic animal which inhabit the bottom of marine and
fresh waters, with size greater than 0.5mm in diameters
[13]. They live on rocks, logs, sediment, debris and aquatic
plants throughout or some parts of their lifespan. Benthic
macrozoobenthos could be littoral or profundal [14].

2.2 Characteristics of Macrozoobenthos

Some benthos shuttle between water and moist terrestrial
ecosystems such as freshwater snail. They can be classified
based on the substrate they occupy into in-fauna and epi-
fauna [15]. Benthic animals that live either buried or
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burrowed into the sediment make up the in-fauna. Those
that live on the surface of sediments make up the epi-fauna.
They are usually found attached to exposed or submerged
object, some move slowly while others live a sedentary life.

It is easy to monitor them because they can be sampled
quantitatively and also respond to anthropogenic
disturbances [16]. They have low mobility which
compromises their ability to avoid the impact of pollution
in their habitats. This makes them to be often used as bio-
indicators to monitor pollution. Also, one of the
characteristics of benthos is that they are easily obtained,
are diverse, and are sensitive to a variety of water
disturbances. The condition of aquatic habitat can be
described by macrozoobenthos community [17].
Macrozoobenthos are limited in their mobility and may not
readily avoid pollutants. As a result, they are widely used
as biological indicators.

They are widely used for environmental monitoring
because they have contact with both water column and
sediment covering the ocean floor and are sensitive to toxic
compounds in both.

Sensitivity is widely expressed as an alteration in
reproduction, growth rate, or mortality, in addition to
changes in species distribution [18].

2.3 Common Examples of Macrozoobenthos

The macrozoobenthos, which live near, in or on substratum
of running water, is made up of representatives of nearly
every taxonomic group that occurs in water. Remarkably,
there are few freshwater groups which are not regularly
represented in rivers. On the other hand, there are many
groups which occur in running water, and many attain
their highest development and diversity there [19], [20].
Some examples of macrozoobenthos include -crayfish,
molluscs such as clams and snails, aquatic worms and
premature forms of marine insects such as stonefly and
mayfly (Nkwoji et al., 2010). Macrozoobenthos in stream
include different groups of worms (flatworms, eelworms
and segmented round-worms), molluscs (snails and
bivalves), crustaceans (shrimps, crayfish and other shrimp-
like groups), mites, and above all insects (Winterbourn,
1999). Many bottom-dwelling macro-invertebrates are
larval form of flying insects such as mayflies, stoneflies,
caddisflies, midge flies etc. insects are the most diverse
group of freshwater benthic macrozoobenthos; others are
small fauna that spend their entire life in streams for
example mites and planarians.

2.4 Roles of Macrozoobenthos in Aquatic Environment

Aquatic macrozoobenthos are an important component in
the ecological dynamics of lotic environments. They play
critical roles in energy fluxes and nutrient cycling. These
organisms are also commonly used in biomonitoring
[21].Many invertebrates are important components of
stream ecosystems. They have grazing ability (and in some
areas may prevent blooms), assist in organic matter
breakdown and cycling of nutrients and, in turn, may
become food for predators [22]. These organisms are the
most widely used for biological monitoring of freshwater
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environments worldwide. This is due to their presence in
most habitats. They also have limited mobility, can be
easily collected following established standard techniques,
and diversity of forms that ensures a wide range of
sensitivities to alterations in both water quality (of virtually
any nature) and habitats [23], [24].

Most bottom dwelling organisms feed on debris that
settle on the bottom of the water and in turn serves as food
for a wide variety of fishes [25]. They also have the ability
to accelerate the breakdown of decaying organic matter into
simpler inorganic forms such as phosphates and nitrates
[26]. The most popular biomonitoring method in freshwater
bodies receiving domestic and industrial wastewaters is the
use of bottom dwelling macrozoobenthos [27]. Water
quality has a great influence on their composition,
abundance and distribution [28]. In the benthos, different
processes such as feeding, nesting and burrowing are
influenced by several grades of sediment particles.
Therefore for aquatic organisms such as bottom-dwelling
macro fauna, the nature of the bottom is important to their
ecology.

These organisms form part of the aquatic food chain and
they are also used to assess water quality and as indicators
of pollution. They form a link between nutrients and
detritus and important protein materials in shellfish and
fish. Their sedentary lifestyle makes it possible for them to
easily imbibe and accumulate any xenobiotic compounds
and other stressors present in the water body [29].
Consequent upon the often difficult attempt to monitor
disease outbreak and spread directly, or even longevity in
natural populations and even human communities,
indicators of environmental status including macrobenthic
fauna are often used as surrogates to reduce the difficulty
in monitoring disease outbreak[30]. In the selection of a
biological component for sediment contamination
assessment, bottom dwelling invertebrates have proved to
be very useful. Field surveys of invertebrates (as well as
vertebrates) provide an essential component of biological
assessments of toxicity associated with sediment
contamination [31].

As a result of their wide diversity, longevity, sensitivity,
and important roles in the function of the ecosystem, they
give excellent model systems for the examination of the
effects of man-made disturbances on aquatic ecosystems
[32].

2.5 Macrozoobenthos as Bioindicators

Benthic macrozoobenthos are the most widely used tool in
biological monitoring. All the substances (pollutants) that
enter the aquatic ecosystem either sink or settle down to
bottom/sediment with time, implying that the sediment or
organisms that live there keep the longest and best account
of activities both natural and man-made [33]. Bottom
dwelling in-fauna are especially suitable as ecological
indicators as a result of their habitat preference and
relatively low ability to move and are thus affected directly
by  substances that enter the  environment.
Macrozoobenthos are important bioindicators that provide
a more accurate understanding of changing aquatic
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conditions than chemical and microbiological data, which
mostly give short-term fluctuations [34].

The condition of aquatic habitats can be ascertained
through the study of macrozoobenthos community
structure (Dar et al, 2010). The structure of
macrozoobenthos community can be described by its
species diversity and abundance. Bottom dwelling aquatic
organisms are commonly used as indicators for the
assessment of pollution impacts in ecosystems. The most
important advantages of using benthos as bioindicators
have been summarized by a several authors [35]. Benthic
community is made up of several representatives from
different orders. There is the assumption that such a range
of species gives significant probability of sensitive species
being present; spatio-temporal mobility of species is
restricted, therefore they can be regarded as inhabitants of
the aquatic system under investigation; the life of
organisms reflects environmental conditions over long
periods of time [36].Studying macrozoobenthos diversity is
one of the most effective and less expensive ways to
estimate the ecological quality of the waters [37].For
example, physico-chemical measurement of water can be
used to estimate its quality but such measurements cannot
completely be a representative of the real state of the
waters. Therefore, it is of necessity to combine physical,
chemical and biological assessment in addition to other
monitoring methods to provide a comprehensive picture of
environmental water quality. The use of macrozoobenthos
in biological monitoring has been found accurate and
advantageous in comparison with other organisms because
they are extremely sensitive to organic pollutants, widely
distributed and can be easily and economically sampled.
Reports from scientific investigations on the use of
macrozoobenthos in the evaluation of the quality of water
in aquatic ecosystems have been extensively published by
several scientists.

Advantages abound on the wuse of benthic
macrozoobenthos in the evaluation of water quality.
Bottom dwelling macrozoobenthos are ubiquitous in rivers
and thus can be under the influence of environmental
disturbances in several different types of aquatic systems
and in most habitats/biotypes within these waters [10].
These organisms are largely immobile and therefore
adequately represent the location being sampled. They
have a long life-span that allows for the elucidation of
changes in time following disturbances, while short enough
to allow for observation of recolonization patterns as a
result of such perturbation. They are easy to sample and
identify. Macrozoobenthos act as continuous monitors of
the water in which they live [38], allowing for long-term
analysis of both regular and intermittent discharges,
changes in pollutants concentrations, single and multiple
pollutants and synergistic or antagonistic effects. Using
fauna as bioindicators of environmental stress has proven
successful and indices based on macrozoobenthos
composition have proven to be useful measures of the
health of a river and are applied widely today [39,40].

Benthic communities are mostly used as bioindicators
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due to their ability to provide information on the conditions
of the environment either as a result of the sensitivity of
single species (indicator species) or maybe due to some
general feature that makes them integrate environmental
signals over a long period of time. The features includes: (i)
exposure to chemical contaminants mostly accumulated in
the sediment, (ii) exposure to dissolve oxygen levels that
are low (hypoxia/anoxia) that often occur close to the
bottom surface as a result of organic matter degradation,
(iii) diversity in their taxonomy and functions that make
them suitable for the detection of different types and levels
of stress [41].

Table 1:Trend OfMacrozoobenthos In Bodo Creek

S/N Reference(s)

1 [2] 2
2 2] 18
3 [42] 36
4 [3] 47
5 [4] 18
6 [2] 4

7 [43] 6

8 [44] 11
9 [45] 18

3.0 STUDIES IN BODO CREEK

3.1 Pre-spill Study

Before the two major oil-spill in Bodo creek in 2008, several
studies were carried out to assess the abundance and
distribution of macrozoobenthos in the creek. A pre-spill
assessment of macrozoobenthos in Bodo Creek in 2006,
identified 462 individuals from 4 classes, 15 families, 17
genera and 22 species [2]. Another study on
macrozoobenthos in the creek in 2007, identified a total of
264 individuals from 4 classes, 13 families, 14 genera and 18
species were identified [2]. In a study on the tree fauna of
Bodo creek which produced a preliminary checklist of
macrozoobenthos of the creek by Zabbey and Hart [3],
they identified 7742 individuals, from 4 classes, 29 families,
38 genera and 47 species. Zabbey and Malaquias [4] while
working on the epifaunal macrozoobenthos of Bodo creek
between 2006 and 2008 reported a total of 601 individuals
from 4 classes, 14 families, 15 genera and 18 species.
According to Zabbey and Arimoro [42], between 2006 and
2007, 3333 individuals, from 4 classes, 22 families, 28 genera
and 36 species were identified in Bodo Creek; while
working on environmental forcing of intertidal benthic
macrofauna of Bodo Creek, Nigeria.

3.2Post-spill Study

Several studies have been carried out to assess the impact
of the 2008 - 2009 oil-spill on macrozoobenthos in Bodo
Creek.In a study on macrozoobenthos in Bodo Creek
conducted in July, 2011 by Zabbey and Uyi [2], they
identified only 169 individuals representing 2 classes, 3
families, 4 genera and 4 species. In 2013 6 species of
macrozoobenthos were identified in Bodo Creek [43].
Between 2015 and 2016, 11 species of macrozoobenthos
were identified in Bodo Creek [44].
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3.3 Clean-up Study

Following the two major oil-spills that occurred in Bodo
Creek in 2008, there was need for a clean-up of the oil-spill
impacted creek. Bodo Creek clean-up commenced in
September, 2019. Following the clean-up, Nkeeh [45]
assessed the impact of the oil-spill clean-up on
macrozoobenthos in the creek. The study identified a total
of 18 species.

A critical evaluation of these studies on the creek reveals
four stages in the life of macrozoobenthos in Bodo Creek.
Firstly, the pre-spill stage that was characterized by the
abundance of macrozoobenthos. This was followed by a
post-spill stage where most of the species that previously
occupied the creek were lost due to the presence of
hydrocarbon in the environment. The third stage was the
natural recovery stage, where some of the species
previously lost due to the oil-spill were gradually emerging
in the creek. The clean-up stage was the last stage. In this
fourth stage, there was relatively higher species richness
and diversity of macrozoobenthos in the creek than
previous evaluated post spill records.

4.0 Conclusion

Although natural attenuation can lead to the recovery of
lost species post-spill, human-aided cleanup achieves faster
and better recolonization of oil-spill impacted sites.
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