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ABSTRACT 
 

Spatio-temporal studies were conducted on the impact of physico-chemical parameters on the biodiversity and 
distribution of macro-invertebrates at selected areas along the shores of Calabar River, Nigeria. Results revealed 
the distribution of 3601 macro-invertebrates fauna, which consisted of 13 species, belonging to 3 phyla which 
were represented by Arthropoda, Mollusca and Annelida. Tympanotonus fuscatus was the most abundant macro-
invertebrate species, having a numerical abundance of 1564 (43.43%) while the least abundant species was 
Potadoma moerchii, which had a total abundance of 3 (0.08%). Macro-invertebrates were more abundant at 
Adiabo beach. Phylum Mollusca was the most abundant, having a numerical abundance of 2810 (78.03%), while 
phylum Annelida was least represented, having a numerical abundance of 19 (0.52%). Mean temperature, 
salinity, pH, DO, BOD and conductivity were 27.064 ± 1.222oC, 0.032 ± 0.014oC, 6.315 ± 0.120, 4.583 ± 0.982 
mg/L, 3.071 ± 1.831 mg/L and 32.055 ± 11.753 µs/cm, respectively. Mean water temperature, salinity, pH, DO, 
and conductivity varied insignificantly between the three sampling stations (p>0.05), while the BOD varied 
significantly across the sampling stations (p<0.05). Calabar River is unpolluted and healthy. The abundance of 
macro-invertebrates was influenced by water quality parameters, as shown by their strength of the various 
relationships. Although the study revealed that Calabar River is not polluted, it is mandatory that the Government 
enforces policies and laws regarding the anthropogenic discharges of energies and waste into the river system, 
in order to sustain its current healthy status. Government should set-up a monitoring team to continually monitor 
the ecological status of the River so as to ensure sustenance of fishery resources within the River system. 
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INTRODUCTION 
 
Macro-invertebrates are organisms that can be seen 
with naked eyes and can be retained by a mesh or 
sieve with pore size of 0.2 to 0.5 mm, consisting of 
diverse array of animals the various groups of 
crustaceans, flat worms, eel worms and segmented 
round worms, molluscs (snails and bivalves) 
(Winterbourn, 1999). These organisms are commonly 
used for biological monitoring of aquatic ecosystems 
worldwide (Jimoh et al., 2011), because they are 
found in most habitats. Macro-invertebrates have 
generally limited mobility and are quite easy to collect 
by way of well-established sampling techniques.  
 
 
 
 
 
 
 
 
 

Macro-invertebrates explain most of the ecosystem 
functioning and biodiversity in both lotic and lentic 
water bodies because they serve as important 
contributors in detritus processing, animal-microbial 
interaction and energy transfer to the consumers at 
higher trophic levels (Allen, 1995; Wallace and 
Webster, 1996). Benthic macro invertebrates are used 
largely in assessments of the aquatic ecosystems 
(Giller and Malmsqvist, 1998). Furthermore, they 
equally assist in the breakdown of organic matter and 
cycling of nutrients, prevent blooms in some areas and 
at times may become food for predators (eg fish) 
(Hynes, 1970; Jimoh et al., 2011; Uwem et al., 2011).  
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One of the common resources for all life forms on the 
planet is water. About 2/3 of the earth surface is 
covered with water (Smith, 1974). Water is critical for 
sustainable livelihoods and it is impossible for a single 
life to exist without water. There is an entwining 
relationship between water quality of streams/rivers 
and macro-invertebrate diversity. This is because 
water is an important and essential substance in 
protoplasm and is the basis of life. In addition, water 
also forms a single worldwide resource distribution on 
land, sea and atmosphere and unified by hydrological 
cycle without which life would not be maintained. 
However, it is argued that the physical and chemical 
condition of many streams and rivers in tropical 
countries is deteriorating as a result of human 
population explosions, changes in land use, 
intensified agricultural practices and increased 
industrialization, all of which cause changes to natural 
flow regimes directly or indirectly (Pringle et al., 2000; 
Wishart et al., 2000; Ekanem et al., 2018; Job, 2019). 
The quality of water therefore determines how 
abundant organisms will be in it. This means that the 
influence of physical and chemical parameters of a  
 

 
 
 
river must be friendly so as to permit the growth, 
development, diversity and abundance of aquatic 
organisms. The structure and function of aquatic 
organisms reflect physical and chemical conditions 
and change with increased human influence (Karlson 
et al., 2002; Herraman, 1999). Aquatic macro-
invertebrates have the ability to live under different 
levels of physico-chemical conditions and to occupy 
different substrata. The main physico-chemical factors 
that affect aquatic environments are temperature, 
dissolved oxygen, pH, nutrients and specific 
conductivity (Hannien et al., 2000; Boney, 1989). 
Temperature is an ecologically significant parameter 
that is known to influence the structure of aquatic 
communities (Giller and Malmsqvist, 1998).  
Temperature has critical effects on the distribution of 
species (Rostgaard and Jacobsen, 2005) and density 
(Hogy and William, 1996) through combined influence 
of dissolved oxygen and metabolic activity. 
Temperature and dissolved oxygen levels are known 
to generally fluctuate and aid in the structuring of 
benthic communities, which varies from species to 
species (Shieh and Yang, 2000). It also regulates the 
amount of dissolved oxygen in water (Kalff, 2002).

Increase in temperature lowers the solubility of 
oxygen, resulting in low values (Ugwumba, 2010). 
Natural differences in pH and alkalinity may be 
important determinants of macro-invertebrate 
community structure in small water bodies (SWBs). 
Highly acidic water generally results in 
impoverishment of fauna, while low acidities reflect 
better buffering and higher productivity (Busulwa and 
Bailey, 2004). Acidification alters community structure 
by chronically damaging tissues of invertebrates, 
particularly of species that easily loose sodium ions 
when pH is reduced (Shieh and Yang, 2000). 
Secondly, it alters algal communities upon which 
some invertebrates depend on for food and shelter, 
alters predation on invertebrates by decimating 
numbers of other crustaceans, fish and amphibians 
and by altering the bio-availability of some other 
potential stressors, such as heavy metals. Such 
effects may reduce invertebrate species diversity, 
increase abundance of tolerant species and change 
community composition (Shieh and Yang, 2000).  
From available literature, studies on the effect of 
physico-chemical parameters on macro-invertebrate 
diversity include those of Howiell & Wilhm (1984), 
Harrison & Hynes (1988), Hart (1999), Efitre et al. 
(2001), Amakye (2001), Narita et al. (2003), Idowu & 
Ugwumba (2005), Sharma et al. (2020), Okarafor et 
al. (2021), Sharma et al. (2013), Andem et al. (2013), 
Rashid & Pandit (2014), Ngodhe et al. (2014) and 
Andem et al. (2015). None of these literature reports 
on the impact of physico-chemical parameters on the 
biodiversity and distribution of macro-invertebrates 
along the shoreline of the Calabar River system at 
designated locations used for this study.  
 

 
MATERIALS AND METHODS 
Description of the study area 
The Calabar River originates from the Oban Hills in 
the Cross River National Park and is located between 
latitude 80 15oE and 80 30’E and longitude 40 45’N 
and 50E and it has an estimated length of 56 km and 
is about 2.8 km wide at the mouth where it empties 
into the Cross River Estuary (Okorafor et al., 2012). 
 This region has a rainy season from April until 
October, with peaks in June and September. Annual 
rainfall averages 1,830 millimeters and average 
temperature range from 24oC (75oF) in August to 30oC 
(86oF) in February. Relative humidity is high, between 
80% and 100%. The Cross River basin has 223 
streams with a total length of 516 kilometers drainage 
is poor, so the basin is subject to flooding, gully 
erosion and landslides, while the dry season 
experiences occasional down pours. The shorelines 
are lined with dark mud plates usually exposed during 
low tides. The water at the shore being brackish is rich 
in macro-invertebrates and debris (Okorafor et al., 
2012; Ada & Job, 2020). 
The banks of this study area are surrounded by lush 
evergreen forest vegetation with different species of 
trees, shrubs and grasses (Job et al., 2011). 
The region has traditionally been limited to small scale 
farming, aquaculture and artisanal fisheries, mainly for 
shrimps. However, Calabar is growing, due in part to 
the Calabar Free Trade Zone, thus causing growing 
numbers of houses and factories to be built in the 
fresh water and mangrove swamps of the Calabar 
River. Three sampling stations are randomly selected 
for this study. These were Adiabo, Nsidung and Esuk 
Utan Beaches (Table 1). 
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Table 1: The sampling stations and their GPS readings 
 

Stations  GPS Readings  

Station 1: Ahiabo beach  N05°5”23.42” 

E008°14”52.58” 

Station 2: Esuk Utan  N05°1”0.00” 

E008°20”0.00” 

Station 3: Nsidung beach  N05°57”32.6” 
E008°18”55.7” 

Source: Field Data (2018) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Map of Calabar River showing sampling stations 
 
Collection of samples 
Samples were collected twice between 0700 and 1200 
hrs on each sampling daily for three months (August-
October, 2018) and pooled into a single monthly 
sample for each of the months. Triplicate samples 
were collected at each sampling station during each 
visit and mean and standard error recorded after 
analysis. Water samples were collected into three 
plastic sampling bottles measuring one litre each. The 
bottles were immersed into the river 10 cm below the 
water surface, filled to capacity and properly corked, 
according to Ngodhe et al ., (2014 ), Ada & Job, 2018; 
Ekanem et al. (2018). 
For the collection of macro-invertebrates from the river 
banks, nets of mesh sizes 0.1mm, 0.2mm and 0.5mm, 
held downstream was used. Also, some of the macro-
invertebrates were collected by hand-picking, at the 
intertidal regions during low tide. Samples were stored 
in plastic bottles preserved in 10% for analysis. 
Analysis of physico-chemical parameters 
For the parameters, temperature was measured insitu 
with mercury-in-glass thermometer; pH was similarly 
measured with a pocket pH meter; salinity was 
measured insitu with a hydrometer, dissolved oxygen 
(DO) was measured with a dissolved oxygen meter 
(hand-held) and biochemical oxygen demand (BOD) 
was determined using dissolved oxygen meter after 
incubating for five days at 20oc in BOD bottle.  

The difference between the DO of first day and DO of 
fifth day gave the BOD, i.e. DOI-DO5=BOD (Alabaster 
& Lloyd, 1980). 
Laboratory studies  
Identification of macro-invertebrates 
The macro-invertebrates were poured into a white 
enamel tray, stained with Rose Bengal solution and 
sorted using forceps into different species and phyla. 
Rose Bengal solution enhances the benthic 
organisms to be clearly seen even with unaided eyes 
(Narita et al., 2003; Hart, 1999). A hand magnifying 
glass was used to observe the finer details of the 
macro-organisms. 
Statistical analysis 
Data were presented in Tables with mean values and 
standard deviations of each of the physico-chemical 
parameters calculated. Analysis of variance (ANOVA) 
was used to test for statistical differences between the 
means of the physical and chemical parameters of the 
three sampling stations. 
 
RESULTS 
The respective readings of the physico-chemical 
parameters of the surface water are presented in 
Table 2. The summary of the mean physico-chemical 
parameters of water from Calabar River throughout 
the study is shown in Table 1.  
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At Adiabo beach, the temperature ranged from 27.00 
– 28.10oC, having a mean and standard deviation of 
27.633 ± 0.568oC, while the salinity values ranged 
from 0.02 – 0.03o/o, with a mean and standard 
deviation of 0.023 ± 0.005o/oo. The pH of water ranged 
from 6.24 – 6.32, with a mean and standard deviation 
of 6.283 ± 0.040, while dissolved oxygen (DO) ranged 
from 4.00 – 6.22mg/l, with a mean and standard 
deviation of 5.373 ± 1.200mg/l. The biochemical 
oxygen demand (BOD) ranged from 0.03 – 1.53, with 
a mean and standard deviation of 0.850 ± 0.759 mg/L, 
while conductivity ranged from 18.90 – 30.40𝜇s/cm, 
with a mean and standard deviation of 25.466 ± 5.921 
µs/cm (Table 2). 
At Esuk Atu, the temperature ranged from 24.50 – 
27.55oC, having a mean and standard deviation of 
26.016 ± 1.525 oC, while the salinity values ranged 
from 0.02 – 0.04 o/o, with a mean and standard 
deviation of 0.030 ± 0.010o/oo. The pH of water ranged 
from 6.09 – 6.41, with a mean and standard deviation 
of 6.243 ± 0.160, while the DO ranged from 3.28 – 
4.80, with a mean and standard deviation of 4.126 ± 
0.774 mg/l. The BOD ranged from 2.90 – 4.66, with a 
mean and standard deviation of 3.786 ± 0.880 mg/l, 
while conductivity ranged from 23.10 – 48.60 𝜇s/cm, 
with a mean and standard deviation of 34.200 ± 
13.066 µs/cm (Table 2). 
         At Nsidung beach, the temperature ranged from 
27.00 – 28.61oC, having a mean and standard 
deviation of 27.543 ± 0.923 oC, while the salinity 
values ranged from 0.02 – 0.06 o/oo, with a mean and  
 
 
 

 
 
 
standard deviation of 0.043 ± 0.020 o/oo. The pH of 
water ranged from 6.34 – 6.48, with a mean and 
standard deviation of 6.420 ± 0.072, while the DO 
ranged from 3.55 – 4.80, with a mean and standard 
deviation of 4.250 ± 0.638 mg/L. The BOD ranged 
from 3.88 – 5.29, with a mean and standard deviation 
of 4.576 ± 0.705 mg/L, while conductivity ranged from 
23.30 – 53.80 µs/cm, with a mean and standard 
deviation of 36.500 ± 15.657 µs/cm (Table 2). 
          Throughout the study, the mean temperature 
ranged from 24.50 – 28.61oC, having a mean and 
standard deviation of 27.064 ± 1.222oC, while the 
salinity values ranged from 0.02 – 0.06 o/oo, with a 
mean and standard deviation of 0.032 ± 0.014o/oo. The 
pH of water ranged from 6.09 – 6.48, with a mean and 
standard deviation of 6.315 ± 0.120, while the DO 
ranged from 3.28 – 6.22mg/l, with a mean and 
standard deviation of 4.583 ± 0.982 mg/L. The BOD 
ranged from 0.03 – 5.29mg/l, with a mean and 
standard deviation of 3.071 ± 1.831 mg/L, while 
conductivity ranged from 18.90 – 53.80µs/cm, with a 
mean and standard deviation of 32.055 ± 
11.753µs/cm (Table 2). 
        The distribution of the physico-chemical 
parameters of the surface water across the sampling 
stations of Calabar River as shown in Table 2 revealed 
the mean water temperature, salinity, pH, DO, and 
conductivity to have varied insignificantly between the 
three sampling stations (p>0.05), while the BOD 
varied significantly across the sampling stations 
(p<0.05). All studied water parameters of the selected 
areas in the Calabar River were within the WHO 
acceptable limit (Table 1).
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Table 2: Physico-chemical parameters of the surface water of the selected areas in the Calabar River, 
Nigeria, during the period of study 

 
Water parameters Months Adiabo beach Esuk Utan Nsidung beach 

Temperature August 27.0 26 27.0 
 September 27.8 24.5 27.02 
 October 

 
28.1 27.55 28.61 

Salinity August 0.02 0.02 0.02 
 September 0.02 0.03 0.05 
 October 

 
0.03 0.04 0.06 

pH August 6.29 6.41 6.44 
 September 6.32 6.23 6.48 
 October 

 
6.24 6.09 6.34 

DO August 4.0 4.80 4.40 
 September 5.90 4.30 4.80 
 October 

 
6.22 3.28 3.55 

BOD August 0.03 3.80 4.56 
 September 0.99 2.90 3.88 
 October 

 
1.53 4.66 5.29 

Conductivity August 30.4 30.9 32.4 
 September 27.1 23.1 23.3 
 October 18.9 48.6 53.8 

 
Table 3: Mean, Ranges and Standard Deviation of Physico-chemical Parameters of surface water of the  

Calabar River, Nigeria, during the Study 
 

Water Physico-chemical 
Parameters 

S1 
Adiabo beach 

S2 
Esuk Atu 

S3 
Nsidung beach 

Mean WHO 
Limit 

Temperature (oC) 27.633 ± 0.568a 

(27.00 – 28.10) 
 

26.016 ± 1.525a 

(24.50 – 27.55) 
27.543 ± 0.923a 

(27.00 – 28.61) 
27.064 ± 1.222 

(24.50 – 28.61) 
20 – 40 

               Salinity (o/oo) 
 

0.023 ± 0.005a 
(0.02 – 0.03) 
 

0.030 ± 0.010a 

(0.02 – 0.04) 
0.043 ± 0.020a 

(0.02 – 0.06) 
0.032 ± 0.014 

(0.02 – 0.06) 
- 

                      pH 
 

6.283 ± 0.040a 

(6.24 – 6.32) 
 
 

6.243 ± 0.160a 

(6.09 – 6.41) 
6.420 ± 0.072a 

(6.34 – 6.48) 
6.315 ± 0.120 

(6.09 – 6.48) 
6.0 – 8.5 

Dissolved Oxygen (DO) 
mg/L 

5.373 ± 1.200a 
(4.00 – 6.22) 
 
 

4.126 ± 0.774a 
(3.28 – 4.80) 

4.250 ± 0.638a 
(3.55 – 4.80) 

4.583 ± 0.982 
(3.23 – 6.22) 

>4 

Biochemical Oxygen 
Demand (BOD) mg/L 

0.850 ± 0.759a 

(0.03 – 1.53) 
 
 

3.786 ± 0.880b 

(2.90 – 4.66) 
4.576 ± 0.705c 

(3.88 – 5.29) 
3.071 ± 1.831 

(0.03 – 5.29) 
<10 

Conductivity (µs/cm) 25.466 ± 5.921a 

(18.90 – 30.40) 
34.200 ± 13.066a 
(23.10 – 48.60) 

36.500 ± 15.657a 
(23.30 – 53.80) 

32.055 ± 11.753 
(18.90 – 53.80) 

400 

 
Values are in Mean ± Standard deviation, Ranges in Parenthesis (), *Means with Different Superscript are 

Significantly Different (P<0.05) 
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Macro-invertebrates Abundance 
The species composition of the abundance and 
distribution of macro-invertebrates in the different 
areas of the Calabar River, Nigeria, during the period 
of study is presented in Table 4a. Total of three 
thousand six hundred and one (3601) macro-
invertebrates fauna were encountered which 
comprised 13.7(36.30%) at Adiabo beach, 
110(30.57%) Esuk Atu and 1193(33.13%) at Nsidung 
beach. The three phyla observed were Arthropoda, 
Mollusca and Annelida. Arthropods identified were 
Hyperiodrilus africanus, Chironomus antracinus, 
Spirostreptus assiniensis, Callinectes amnicola, 
Macrobrachium vollenhovenii, Oxidus sp and Uca 
tangeri. The most abundant Arthropod was Uca 
tangeri which had 424 individuals (11.77% 
abundance), while the least abundant Arthropod was 
Chironomus antracinus, having 16 individuals (0.44% 
abundance). Phylum Mollusca were represented by 
Potadoma moerchii, Tympanotonus fuscatus, 

Pachymelania fusca, Haliotis tuberculata and 
Pachymelania byronensis. The most abundant 
Mollusca was Tympanotonus fuscatus which had 
1564 fauna (43.43% abundance), while the least 
abundant Mollusca species was Potadoma moerchii, 
having 3 fauna (0.08% abundance). Phylum Annelida 
was represented by Glossiphonia complanata, having 
an abundance of 19 (0.52% abundance) (Table 4a). 
Throughout the study, Tympanotonus fuscatus was 
the most abundant Macro-invertebrate species, 
having a numerical abundance of 1564 (43.43% 
abundance), while the least abundant Macro-
invertebrate species was Potadoma moerchii, having 
a numerical abundance of 3 (0.08% abundance) (Fig 
2). Station 1 (Adiabo beach) and station 2 (Esuk Utan) 
had a total of twelve (12) macro-invertebrates species 
each, while a total of thirteen (13) macro-invertebrates 
species were identified in station 3 (Nsidung beach) 
during the study (Table 4a).  Selected examples of the 
macro-invertebrates are shown in Plates 1-4.

  
 

 
 
 
 
 
 
  

Plate 3: Pachymelania fusca (Gmelin, 1790)            Plate 4: Pachymelania fuscatus (Muller, 1774) 

       Plate 1: Uca tangeri (Eydoux 1835)     Plate 2: Oxidus wikiwand (Koch 1857)  
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Table 4a: Abundance of Macro-invertebrates in each of the three sampling stations of Calabar River, 
Nigeria during the period of study 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
S1 = Adiabo beach; S2 = Esuk Utan;  S3 = Nsidung beach 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Numerical Abundance of Macro-invertebrates 
 
 
 
 

S/N Macro-invertebrate 

Species 

S1 % S2 % S3 % Total % Marginal 

total  

 Arthropoda          

1 Hyeriodrilus 

africanus 

18 1.37 27 2.45 13 1.08 58 1.61  

2 Chironomus 

antracinus 

8 0.61 5 0.45 3 0.25 16 0.44  

3 Spirostreptus 

assiniensis 

18 1.37 15 1.36 24 2.01 57 1.58  

4 Callinectes amnicola 41 3.13 23 2.08 32 2.68 96 2.66  

5 Macrobrachium 

vollenhovenii 

23 1.76 27 2.45 38 3.18 88 2.44  

6 Oxidus wikiwand 16 1.22 13 1.18 4 0.33 33 0.91  

7 Uca tangeri 128 9.79 194 17.62 102 8.55 424 11.77  

 Mollusca          

8 Potadoma moerchii - - - - 3 0.25 3 0.08  

9 Tympanotonus 

fuscatus 

622 47.59 438 39.78 504 42.24 1564 43.43  

10 Pachymelania fusca 398 30.45 324 29.42 437 36.63 1159 32.18  

11 Haliotis tuberculata 21 1.60 13 1.18 9 0.75 43 1.19  

12 Pachymelania 

byronensis 

11 0.84 13 1.18 17 1.42 41 1.13  

 Annelida          

13 Glossiphonia 

complanata 

3 0.22 9 0.82 7 0.58 19 0.52  

 Total Abundance 1307 

(36.30%) 

99.9 

~100 

1101 

(30.57%) 

100 1193 

(33.13%) 

99.9 3601 99.9 3601 
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Fig. 2a: Station-by-station numerical abundance    Fig. 2b: Station-by-station percentage 
of the macrobenthos      abundance of the macrobenthos 
 

Table 4b: The numerical abundance and relative abundance of the macro-invertebrate phyla 
 

Phyla Numerical Abundance Relative abundance % 

Arthropoda 772 21.43 

Mollusca 2810 78.03 

Annelida 19 0.52 

Total Abundance 3601 99.9~100 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
Fig 3a: Relative Abundance of the macro-invertebrate   Fig 3b: Percentage Abundance of the macro- 
phyla                               invertebrate phyla 
 
Diversity Indices of Macro-invertebrates 
The summary of the ecological diversity indices of 
macro-invertebrate in the study area of the Calabar 
River, Nigeria, and shown in Table 3. The Shannon 
Weinner diversity index at in Adiabo beach, Esuk Utan 
and Nsidung beach were 1.446, 1.575 and 1.454 
respectively. The highest Shannon Weinner diversity 
index value was observed at Esuk Utan (1.575), while 
the least Shannon Weinner diversity index value was 
observed at Adiabo beach (1.446). The Margalef 
diversity index at Adiabo beach, Esuk Utan and 
Nsidung beach were 1.533, 1.571 and 1.694 
respectively. The highest Margalef diversity index was 
observed at Nsidung beach (1.694), while the least 
Margalef diversity index was observed at Adiabo 
beach (1.533).  

The equitability indices at Adiabo beach, Esuk Utan 
and Nsidung beach were 0.582, 0.633 and 0.566 
respectively. The highest equitability diversity index 
was observed at Esuk Utan (0.633), while the least 
equitability index was observed at Nsidung beach 
(0.566) (Table 5). Statistically, there were no 
significant differences in the Shannon Weinner, 
Margalef and Equitability diversity indices between the 
three sampling stations at p>0.05. 
The summary of the numerical abundance and 
relative abundance of macro-invertebrate phyla is 
presented in Table 4. Phylum Mollusca was the most 
abundant, having a numerical abundance of 2810 
(78.03% abundance), while phylum Annelida was 
least represented, having a numerical abundance of 
19 (0.52% abundance).  
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Arthropoda had an abundance of 772 (21.43% 
abundance). These are depicted in Figures 3a and b 
above.  
 

 
 
 
Distribution pattern of the macroinvertebrates  
The distribution of the macro-invertebrates was in the 
following order: Mollusca > Arthropoda > Annelida 
(Table 4b, Figures 3a and b)

Table 5: Diversity Indices of Benthic Macro-invertebrates of Calabar River during the study period 
 

Stations S1 S2 S3 Significant value Inference 

      
Shannon Index 1.446 1.575 1.454 0.429 Not Significant  
Margalef’s Index 1.533 1.571 1.694 0.527 Not Significant 
Equitability 0.582 0.633 0.566 0.07 Not Significant 

Taxa 12 12 13   

Individual 1307 1101 1193  

Where S1 = Adiabo beach; S2 = Esuk Utan and S3 = Nsidung beach 
 
Correlational relationship between the abundance 
of macro-invertebrates and water quality 
parameters 
The summary of the relationship between the 
numerical abundance of macro-invertebrates and 
water quality parameters is shown in Table 6. Phylum 
Arthropoda had a strong negative significant 
relationship with temperature (r = -0.89) and pH (r = -
0.92) at p<0.05. Mollusca had a strong positive 
significant relationship with temperature (r = 0.96) and 

DO (r = 0.80) at p<0.05. Phylum Annelida had a strong 
negative significant relationship with temperature (r = 
-0.78) and DO (r = -0.92) at p<0.05. Mollusca had a 
strong positive significant relationship with 
temperature (r = 0.96) and DO (r = 0.80) at p<0.05. 
Phylum Annelida had a strong negative significant 
relationship with temperature (r = -0.78) and DO (r = -
0.97) (p<0.05), but had a strong positive significant 
relationship with BOD (r = 0.86) and conductivity (r = 
0.86) (p<0.05) (Table 6).

Table 6: Relationship between the numerical abundance of macro-invertebrates and water quality parameters 
of Calabar River, Nigeria 

 

Physico-chemical 
parameters 

Arthropoda 
 

Mollusca Annelida 

Temperature -0.89 0.96 -0.78 
Salinity -0.56 -0.13 0.52 
pH -0.92 0.42 -0.02 
DO -0.19 0.80 -0.97 
BOD -0.09 -0.60 0.86 
Conductivity -0.09 -0.60 0.86 

 
Correlation (r) Ratings:  0.70 – 0.99 Strong relationship, 0.50 – 0.69 Slightly strong relationship, 0.10 – 0.49 

Weak relationship, and 0.00 – 0.09 No relationship 
 
DISCUSSION 
Macro-invertebrates are organisms that exhibit limited 
mobility and quite easy to collect by way of well-
established sampling techniques (Elias et al., 2004). 
Macro-invertebrate community of organisms integrate 
the impact of different stressors and this provides a 
broad measure of their aggregate impact. Since many 
of them are sensitive to pollution and integrate short 
term and long term effect on environmental stressors, 
they are mostly used in Bio-monitoring (Kripa et al., 
2013). Benthic macro-invertebrates play roles in 
aquatic ecosystem which includes sediment mixture, 
depletion of oxygen into sediment, mineralization and 
organic matter cycling and these are useful in 

assessing the quality of water (Eseneowo and 
Ugwumba, 2010). 
The study reveals that the abundance of macro-
invertebrates varied across sampling stations, with 
Adiabo beach (control station) having the highest 
abundance of macro-invertebrates. Similar findings 
were reported by Woke et al. (2007b) in Elechi Creek, 
Lagos, Nigeria. The variations in the distribution of 
macro biotic organisms could be as a result of 
differences in the local environmental conditions 
(Salveit and Snook, 2001), as well as the difference in 
the level of human activities across the sampling 
stations, since they are pollution indicators (Ada & 
Job, 2020 and Job et al., 2011).  
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Furthermore, the presence of more macro-
invertebrates in Adiabo beach could be due to the less 
human activities observed in the station compared to 
the other 2 stations, thereby allowing for healthy water 
quality which makes macro-invertebrates thrive more.  
The study reveals a total of 13 macro-invertebrate 
species over the 3months sampling period, which is 
lower than the 78, 14, 19 and 36 macro-invertebrate 
species reported respectively by Arimoro and Ikomi 
(2007), Woke et al. (2007a), Woke et al. (2007b) and 
Arimoro et al. (2007b) during their studies. Also, 3601 
macro-invertebrate individuals were recorded during 
the study, which is by far higher than the 1859 macro-
invertebrate individuals reported by Odo et al. (2007). 
The differences in the number of species and 
numerical abundance recorded during this study with 
that of the other reported findings could be as a result 
of the difference in study area, duration of study, 
period of study, geographical area, environmental 
parameters and level of human activities among the 
different studies. The low abundance of macro-
invertebrates species in the present study 
corroborated with the report of Chukwu and Nwankwo, 
(2003). This could be attributed to the stress imposed 
by effluents from land-based sources as well as 
substrates instability (Chukwu and Nwankwo, 2003), 
or to conversion from natural habitat and the frequent 
human perturbation through nutrient input from urine 
and faeces and trampling of sediment by man and 
livestock (Griffith et al., 2005). 
Phylum Mollusca is the most dominant during the 
study, and this corroborated with the findings of Woke 
et al. (2007a), who also reported Mollusca as the most 
abundant phylum during their study, but differed with 
the report of Chukwu and Nwankwo (2003), who 
reported phylum Annelida as the most dominant 
phylum. In terms of species abundance, the present 
study revealed Tympanotonus fuscatus as the most 
abundant species, which differed with the findings of 
Okorafor et al. (2012) and Adjarko et al. (2013) who 
reported Litopaenaeus varinamei and Chironomus 
species as the most abundant macro-invertebrate 
species. The difference in the findings between the 
two studies could again be due to the variation in study 
season, geographical area, soil type, environmental 
parameters and pollution level between the two 
studies.  
Ecological diversity indices like Shannon weinner and 
Margalef indices revealed that macro-invertebrates 
were more diverse at Esuk Utan and Nsidung beach 
due to their high diversity indices. Also, Equitability 
indices revealed that Esuk Utan had a more even 
distribution of its macro-invertebrates than the two 
sampling stations. The low abundance in species of 
macro-invertebrates during the study could be an 
indication of a possible environmental stress and 
pollution due to anthropogenic activities within the 
stations. 
 
 

 
 
 
Domestic sewage and other organic-rich industrial 
effluents, as well as waste from agricultural and 
forestry products, are the main sources of aquatic 
pollution in Africa. Organic pollution affects the aquatic 
organisms by lowering the available dissolved oxygen 
in the water (Saad et al., 1994). The study revealed 
that the physico-chemical parameters varied across 
the different stations. This variation could be due to 
the difference in the level of human activities and 
discharges into the waters of the different sampling 
stations. The water temperature, salinity, pH, DO and 
conductivity varied insignificantly across sampling 
stations, while BOD varied significantly across 
sampling stations. This indicates that the level of 
human activities might have varied between the 3 
sampling stations, so that it was able to create a 
significant difference in BOD levels of the water. 
The water quality parameters varied across the 
sampling stations, with the control station (Adiabo 
beach) having the most stabilized water quality. This 
indicates that the intensity of human activity within the 
River and energy discharges into the River influenced 
the water quality of the River. The pH value recorded 
in the present study was lower, while the DO value 
was higher than that reported by Andem et al. (2012, 
2013) and Atobatele and Ugwumba (2008). The 
conductivity value of this study was lower than that 
reported by Atobatele and Ugwumba (2008). The 
mean salinity value recorded during the study was 
lower than that reported by Andem et al. (2012), while 
the BOD value recorded during the study was higher 
than that reported by Andem et al. (2013). The 
differences in the values of the physico-chemical 
parameters with that of other compared findings, could 
be due to the differences in study area, study period, 
geo-graphical area and level of human activities 
between the different study areas. The mean 
temperature, salinity, pH, DO, BOD and conductivity 
values of the present study were all within the 
acceptable limit of WHO, denoting that Calabar River 
is still healthy.  
The study revealed that the abundance of different 
macro-invertebrates species are influenced by water 
quality. Arthropod had a strong negative significant 
relationship with temperature and pH, denoting that an 
increase in the water temperature and pH led to a 
decrease in the abundance of Arthropoda. Mollusca 
had a strong positive significant relationship with 
temperature and DO, indicating that an increase in the 
temperature and DO led to a corresponding increase 
in the abundance of Mollusca. The Annelids had a 
strong negative significant relationship with 
temperature, but had a strong positive significant 
relationship with BOD and conductivity, this denotes 
that increase in the temperature and DO led to a 
decrease in the abundance of Annelids abundance, 
while an increase in the BOD and conductivity led to a 
corresponding increase in the abundance of Annelids. 
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CONCLUSION 
The abundance of macro-invertebrates varied across 
sampling stations. Macro-invertebrates were more 
abundant in the control stations (Adiabo beach). A 
total of three thousand six hundred and one (3601) 
macro-invertebrate individuals, which were made up 
of thirteen species (13), and belonging to three (3) 
Phylum were observed throughout the period of study. 
Macro-invertebrates were represented by Phylum 
Arthropoda, Mollusca and Annelida. Phylum 
Arthropoda were represented by Hyperiodrilus 
africanus, Chironomus antracinus, Spirostreptus 
assiniensis, Callinectes amnicola, Macrobrachium 
vollenhovenii, Oxidus sp. and Uca tangeri species. 
The most abundant Arthropod was Uca tangeri which 
had 424 individuals (11.77% abundance), while the 
least abundant Arthropod was Chironomus 
antracinus, having 16 individuals (0.44% abundance). 
Phylum Mollusca were represented by Potadoma 
moerchii, Tympanotonus fuscatus, Pachymelania 
fusca, Hiliotis tuberculata and Pachymelania 
byronensis.  The most abundant Mollusca was 
Tympanotonus fuscatus which had 1564 individuals 
(43.43% abundance), while the least abundant 
Mollusca species was Potadoma moerchii, having 3 
individuals (0.08% abundance). Phylum Annelida was 
represented by Glossiphonia complanata, having an 
abundance of 19 (0.52% abundance). Throughout the 
study, Tympanotonus fuscatus was the most 
abundant Macro-invertebrates species, having a 
numerical abundance of 1564 (43.43% abundance), 
while the least abundant Macro-invertebrates species 
was Potadoma moerchii, having a numerical 
abundance of 3 (0.08% abundance). Stations one 
(Adiabo beach) and station two (Esuk Utan) had a 
total of twelve (12) macro-invertebrates species each, 
while a total of thirteen (13) macro-invertebrates 
species were identified at station three (Nsidung 
beach) throughout the study. Adiabo, Esuk Utan and 
Nsidung beach had a numerical abundance of 1307, 
1101 and 1193 individuals of macro-invertebrates, 
respectively. Phylum Mollusca was the most 
abundant, having a numerical abundance of 2810  
 
 

 
 
 
(78.03% abundance), while phylum Annelida was 
least represented, having a numerical abundance of 
19 (0.52% abundance). Arthropoda had an 
abundance of 772 (21.43% abundance). Ecological 
diversity indices like Shannon weinner and Margalef 
indices revealed that macro-invertebrates were more 
diverse ar Esuk Utan and Nsidung beach due to their 
high diversity indices. Also, Equitability indices 
revealed that Esuk Utan had a more even distribution 
of its macro-invertebrates than the two other sampling 
stations.  
Throughout the study, the mean temperature, salinity, 
pH, DO, BOD and conductivity were 27.064 ± 1.222 
oC, 0.032 ± 0.014 o/oo, 6.315 ± 0.120, 4.583 ± 0.982 
mg/L, 3.071 ± 1.831 mg/L and 32.055 ± 11.753 µs/cm, 
respectively. The mean water temperature, salinity, 
pH, DO, and conductivity varied insignificantly among 
the 3 sampling stations (p>0.05), while the BOD 
varied significantly across the sampling stations 
(p<0.05). Based on the results of the study, the 
physico-chemical indices of Calabar River suggest a 
healthy and uncontaminated water body. The 
abundance of macro-invertebrates is influenced by 
water quality parameters, as shown by the strength of 
various relationships. 
In conclusion, the study revealed that macro-
invertebrates are not evenly distributed, varying 
across sampling stations. Macro-invertebrates were 
more abundant at the control station (Adiabo beach). 
The physico-chemical parameters of water varied 
across sampling stations. Also, water physico-
chemical parameters had influence on the abundance 
and distribution of macro-invertebrates as a result of 
their relationship strength (r). 
Although the study revealed that Calabar River is not 
polluted, it is important that the Government enforces 
policies and laws regarding the discharges of energies 
and waste into the River system by man, and also 
keep a watchful eyes on the level of activities around 
this river in order to sustain the health status of the 
River. Government should fund similar studies 
regularly, so as to continually monitor the health status 
of the River system, so as to ensure sustenance of 
fishery resources which provide cheap protein source 
for humans within the River environment.
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