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ARTICLE INFO ABSTRACT

Species composition and diversity of benthic macroinvertebrate in relation to 
environmental variables are significant aspects of understanding the structure and 
function of coastal ecosystems. In this study, temporal and spatial variations in the 
distribution of macrobenthos in relation with environmental parameters were explored 
in nine stations along the Lagos Lagoon (May to December 2018). A total of 39 benthic 
macroinvertebrates belonging to 4 classes and 3 phyla were identified. Macrofauna were 
mainly composed of deposit feeders, dominated numerically by Molluscs. Diversity index 
analyses indicated that Simpson index varied from 0.71 in May to 0.90 in September, 
Shannon Weiner diversity values in the study area ranged from 1.43 to 2.46. Dominance 
index had the highest of 0.29 in May which reflects the complete dominance of few 
species and lowest with 0.10 in July. Margalef diversity index ranged between 1.60 to 
3.99 and Evenness index also varied from 0.61 to 0.84. PCA had 82.74% variability 
associated with principal components 1 and 2. The Physico-chemical parameters of the 
water were significantly correlated (p<0.05) with Equitability index. The diversity were 
significantly influenced by environmental factors, thus the study revealed that the Lagos 
Lagoon is under anthropogenic pressure from organic and inorganic forms of pollutions. 
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Introduction
In recent times, biological diversity has received increased 

attention in relation to environmental variables within coastal 
ecosystems. Bottom sediment habitats cover most of the coastal 
environments and as such support a diverse array of macrobenthic 
communities that play important roles in ecosystem processes 
such as recycling nutrients, detoxifying pollutants, dispersion and 
burial, and secondary production. Thus, the diversity and relative 
abundance of these organisms are commonly used in biomonitoring, 
to measure the ecological health status of aquatic ecosystems [1]. 
Diversity within natural systems is important for their resilience 
to environmental change [2]. Therefore, species diversity, as an 
index measuring the number of species within a community, the 
proportional abundance of individual species, or both, is important  
 
for determining the status of biological communities. Quantifying  
the diversity of biological systems, and understanding the patterns  
and dynamics of biodiversity in ecosystems is of utmost importance 
for monitoring, towards the management and conservation of 
ecosystems [3].  Diversity indices are important statistical measure 
used to characterize richness (the number of species) and evenness 
(how uniform abundant species are in a sample) of the species in 
the community [4] and is used as a tool for determining the health 
and pollution of an ecosystem [5]. Consequently, different indices of 
diversity were taken into account to highlight their importance with 
respect to benthic community. Understanding the structure of the 
benthic faunal communities in relation to the impacts of pollution 
is an important part of monitoring changes in coastal ecosystems 
in Nigeria. 

Water quality and benthos characteristics have been 
investigated in coastal ecosystems around the world [6] and 
indicate that the health of benthic communities is related to water 
quality conditions infringing communities, such as Lagoons which 
serve important purposes such as navigational pathways, migratory 
and spawning ground for aquatic life forms, and other social 
benefits [7]. The Lagos Lagoon is a brackish water body in Lagos 
which spans approximately 150.56 km sq[8] and empties into the 
Atlantic Ocean through the Commodore Channel to the west [9]. 
Environmental conditions like salinity, oxygen, temperature and 
nutrients influence the composition, distribution, and growth of 
biota [10]. Macrobenthic invertebrates of the Lagos lagoon have 
been extensively studied. Baseline information, as to the status 
of macrobenthic communities was done by [11]. Variation in the 
diversity and species composition of macrobenthic invertebrate 
communities in time and space has also been commonly explored 
[12,13]. Additionally, some benthos studies carried out in the 
Lagos in recent times have attempted to use macrobenthos as bio-
indicators of pollution [13-15]. Thus, this study aims to explore 
and understand spatial and temporal variation in macrobenthic 
diversity in relation to environmental variables in Lagos Lagoon. 

Materials and Methods

Study Area

Lagos lagoon is a major part of the barrier Lagoon complex 
extends eastwards for about 200km from the Nigerian-Benin 
Republic border to the western limit of the transgressive mud coast 
of the Nigerian coastal zone. The Lagoon is located between latitude 
6o 26’ N and 6o 38’ N longitude 3o 23’ E and 3o 43’ E. It covers an 
area of about 208 km2 (FAO, 1969). It is generally between 0.5 – 
2m deep in most parts with a maximum of about 5m in the main 
lagoon and 25m in some dredged parts of the Lagos Harbour. The 
tidal range is only about 0.3m – 1.3m. The interconnecting creeks 
are also very shallow and are sites of active silting and deposition 
of mud. The lagoon sediments range between mud, sandy 
mud, muddy sand, and sand[11]. Nine sampling stations were 
selected based on proximity to the sources of different forms of 
contaminants generated from anthropogenic activities discharged 
into the Lagoon. The coordinates of each sampling stations were 
determined with the aid of the Global Positioning System (GPS) 
(Figure 1 & Table 1).

Table 1: Stations and co-ordinates.

Sampling Stations Co-ordinates

NIOMR Jetty N06°25.148’  E003°24.455’

Atlas Cove N06°24.789’ E003°23.849’

Sabon-Kwoji N06°25.847’ E003°22.975’

Folawiyo N06°25.781’ E003°22.272’

Crown Flour Mill N06°25.971’ E003°21.826’

Ebute-Ero N06°27.758’ E003°23.018’

Civil Service Club N06°26.542’  E003°24.412’

Lekki Shoprite Area N06°26.292’ E003°27.041’

Lekki Sewage Disposal N06°27.007’ E003°27.979’

Figure 1: Map of sampling stations along the Lagos Lagoon 
and Harbour.

Collection of Samples

Surface water and sediment samples were collected on a 
motorized boat, stored in a labeled container and transported 
to the laboratory where it was stored in the refrigerator at the 
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temperature of -5oC. Surface water samples were collected with 1 
Litre container, while a 250 ml Amber bottle was used to collect 
water samples for dissolved oxygen and biological oxygen demand 
estimation using iodometric Winkler’s method. Sediment samples 
were collected concurrently using a Van-veen grab of 1m2. The 
sample were collected from May to December 2018.

Benthic Macrofauna Analyses

At each study station, 2-3 composite grab hauls were sieved 
in-situ using a 0.5mm mesh-size sieve [14], fixed in 10% formalin 
and labeled for macrobenthic fauna analysis and placed in a plastic 
sealed container and transported to the laboratory for proper 
sorting, identification, and counting. Relevant texts (Olaniyan, 1968; 
Yankson and Kendall, 2001; Zar, 1984) were used for identification.

Measurement of Physico-Chemical Characteristics

Mercury in-glass thermometer was employed in determining 
temperature. Dissolved oxygen, Biological oxygen demand, and 
turbidity were determined using a Smart spectrophotometer by 
LaMotte. Salinity was measured using a refractometer; while alka-
linity was done by titration method. Total Dissolved Solids, pH and 
conductivity were measured with a multi-meter probe (Oakton™).

Statistical Analyses

Diversity indices such as Margalef’s index for species richness, 
Shannon-Wiener and Simpson’s indices for species diversity, and the 
Equitability index for evenness of the benthic macroinvertebrates 
were estimated using PAST 3.18, while variations in physicochemical 
parameters between stations and sampling periods were also 

explored using analysis of variance (ANOVA). All the other analyses 
were done using the R statistical software (R Development Core 
Team 2008): the response variables were subjected to the Shapiro-
Wilk’s normality test in order to determine the appropriate 
statistical tests to use [15,16]. Due to the non-normal distribution 
of the response variables (diversity indices), as determined by 
the Shapiro-Wilk’s normality test, Generalized Linear Models 
(hereafter, GLMs) were fitted using the glm function (Thomas et al. 
2015). These GLMs were used to explore the spatial and temporal 
variation in benthos diversity. We chose to use only two diversity 
indices (Shannon-Wiener diversity and species richness) as all the 
diversity indices are typically correlated. The GLMs were also used 
to investigate relationships between physicochemical parameters 
and benthos diversity. 

Results and Discussion
The mean variation of the Physico-chemical characteristics 

of the water samples in the area across the period of sampling 
is shown in Table 2. The analysis of variance (ANOVA) showed 
significant differences (p<0.05) in pH, TDS, alkalinity, salinity, water 
temperature, air temperature, nitrate, sulphate, and turbidity across 
the sampling period.  Most of the physicochemical parameters 
varied temporally, and this may be attributed to temporal patterns 
of rainfall and tidal fluctuations. But the parameters did not vary 
spatially, Physical conditions in the Lagos lagoon have previously 
been described as relatively constant (Hill and Webb 1958).  This 
suggests that the Lagos Lagoon is a homogenous environment for 
macrobenthos communities. 

Table 2: Mean variation of Physico-chemical parameters in the Lagos Lagoon.

 pH TDS Conductivity DO Alkalinity Salinity Water 
Temperature

Air 
Temperature Nitrate Sulphate Turbidity

May Mean 
±S.E

7.47 ± 
0.04b

2.23 ± 
0.16a 5.00 ± 0.84 6.12 ± 0.62a 77.11 ± 

3.51b
18.8 ± 
1.60 28.50 ± 0.20b 23.89 ± 0.42a 0.67 ± 

0.08a
305.56 ± 
55.30a

8.56 ± 
1.55a

 Min 7.3 1.55 1.75a 2.7 50 13 27.5 23 0.3 90 4

 Max 7.6 2.8 8.26 8 86 27 29 27 0.98 540 20

July Mean 
±S.E

7.73 ± 
0.11b

4.36 ± 
0.84b 5.89 ± 1.34a 5.01 ± 1.04a 48.44 ± 

4.73a
16.93 ± 

1.87 28.44 ± 0.23b 26.50 ± 0.17b 0.19 ± 
0.04a

141.11 ± 
43.35a

22.22 ± 
5.14b

 Min 7.3 0.91 0.13 2.1 32 2 28 26 0.01 75 8

 Max 8.21 7.44 10.56 10.8 72 29 30 27 0.41 350 45

Sept Mean 
±S.E

7.58 ± 
0.09b

2.22 ± 
0.52a 3.18 ± 0.74a 5.30 ± 0.86a 49.33 ± 

2.92a
7.33 ± 
1.61 28.28 ± 0.09b 25.83 ± 0.08b 0.38 ± 

0.02a
714.29 ± 
54.40a

39.0 ± 
6.17c

 Min 7.21 0.35 0.49 2.2 36 2 28 25.5 0.25 100 18

 Max 7.86 4.21 6.07 10.1 60 15 28.5 26 0.43 1720 63

Dec Mean 
±S.E

6.65 ± 
0.13a

4.17 ± 
0.30b 5.93 ± 0.42a 4.67 ± 0.78a 76.75 ± 

3.21b
24.67 ± 

3.07 26.22 ± 0.15a 29.22 ± 0.15c 2.60 ± 
0.69b

497.78 ± 
43.59b

8.78 ± 
1.43a

 Min 5.93 3.25 4.64 2.8 60 2 26 29 0.04 95 3

 Max 8.21 5.76 8.15 7.7 90 29 27 30 5.46 1224 16

WHO// 
FMEnv. 6-8  70 >6 100    20  
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The lowest mean DO value of 4.67 ± 0.78a mg/l was observed 
in December which fell below the permissible limit of 5.0mg/l 
for WHO/FMEnv and this could be due to discharge of industrial 
effluents containing high concentration of organic matter and 
nutrient. Dissolved Oxygen is considered one of the most important 
parameters for assessing water quality as it regulates the 
distribution of flora and fauna [17]. The DO values of this study was 
similar to those reported for many other polluted Nigerian waters 
including 6.9 - 8.8 mg/l for Lagos lagoon [18], 4.00-7.50 mg/l for 
Luubara creek in Niger Delta [19,20] and 1.20 - 9.40 mg/l reported 
by Victor and [21] and [22] for some polluted water bodies in 
Nigeria. The pH values of water from nine sampling stations were 
found to fluctuate from 5.93 to 8.21 with the least observed in 
December which was slightly acidic. The nitrate concentration of 
the surface water is normally low, but can reach high levels from 
agricultural runoff, or from contamination by human or animal 
wastes [23]. Nitrates ranged between 0.19 ± 0.04a (July) and 2.60 
± 0.69b (December) values were below the maximum permissible 
limit of 20 mg/l. The low concentration of nitrate might be due 

to absence of eutrophication. However, this finding corroborates 
the findings of Ehiagbonare and Ogunrinde (2010) who reported 
nitrate value of between 2.21mg/l and 4.91mg/l.

Species Composition, Abundance and Diversity of 
Benthic Macroinvertebrates in Lagos Lagoon 

A total of 39 benthic macroinvertebrates belonging to 4 classes 
and 3 phyla were collected from nine (9) stations in the Lagos Lagoon 
(Table 3) and percentage composition in Figure 2. The phylum 
Mollusca dominated with 89.26% and the least was Arthropoda 
with 0.67%. This dominance of molluscs may be typical of brackish 
water benthos [24]. From the study, the low number of benthic 
macroinvertebrates encountered could be due to some ecological 
imbalance arising from alterations of some important factors 
(including water quality, immediate substrates for occupation and 
food availability) governing the abundance and distribution of the 
benthic communities (Andem et al., 2012). Wide fluctuations were 
observed in the abundance of taxa across the station and sampling 
period. The diversity indices distribution patterns in relation to the 
sampling period are presented in Table 4 & Figure 3. 

Table 3: Benthic Macroinvertebrates composition across the sampling period in Lagos Lagoon.

Taxa May July September December

Phylum

Mollusca

Gastropoda

Fissurellasp 1

NaticaflammulataRequien, 1848 2

Naticasp Scopoli, 1777 1

Pachymelaniaaurita 2

Thais forbesii Dunker, 1853 1

Turritella cingulifera 1 2

Turritella torulosa Kiener, 1843 1

Tympanotonusfuscatusvar radula 2

Tympanotonusfuscatus  
Linnaeus, 1758 1 1

Bivalvia

Aloidissp 2

Aloidis trigons 2

Arca senilis Linnaeus, 1758 3

Arca sp 1

Arca subglobosa Kobelt, 1889 1

CardiumcostatumLinnaeus, 1758 3 1

Cardiumsp 1

Donaxacutangulus Deshayesin Reeve, 1854 2

DonaxburnupiG. B. Sowerby III, 1894 5

Donaxrugosus Linnaeus, 1758 1

Dreissenaafricana Van Beneden, 1835 13 10

Macomacumana 8 4 1 1

Mactra glabrata Gmelin, 1791 3

Mytilus edulis 4
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Mytilus perna (Linnaeus, 1758) 12 1

Ostrea tulipa Lamarck, 1819 2 7

Ostrea sp Linnaeus, 1758 10

Pecten sp 1

Pinna rudis Linnaeus, 1758 1 5

Pitariatumens 1

Solen guinensis Hanley, 1842 2

Tellinasp 2

Tellinanymphalis 1

Tellinatrilatera Gmelin, 1791 3

Tivelatripla(Linnaeus, 1771) 1 6

Scaphopoda 

Dentalium sp 1

Phylum:

Annelida

Polychaeta

Capitella capitata 9 1

Orbiniida 1

Nereis sp Linnaeus, 1758 2 1 1

Arthropoda

Crustacea

Penaeus notialis 1

   

Figure 2: Percentage composition of (a) Phylum and (b) Classes of macrobenthic invertebrate Lagos Lagoon.
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Figure 3: Diversity Indices of benthic macroinvertebrate across the sampling period.

Table 4: Diversity Indices of Benthic Macroinvertebrates across the sampling period in Lagos Lagoon.

Diversity indices May July September December

Taxa_S 6 17 14 16

Individuals 23 59 28 43

Dominance_D 0.29 0.13 0.1 0.12

Simpson_1-D 0.71 0.87 0.9 0.88

Shannon_H 1.43 2.34 2.46 2.38

Evenness_e^H/S 0.7 0.61 0.84 0.67

Brillouin 1.17 2 1.94 1.96

Menhinick 1.25 2.21 2.65 2.44

Margalef 1.6 3.92 3.9 3.99

Equitability_J 0.8 0.83 0.93 0.86

Fisher_alpha 2.64 8 11.14 9.23

Berger-Parker 0.39 0.22 0.18 0.23

Chao-1 6.33 24 19.25 25

While assessing the Macrobenthic community of the Lagos 
Lagoon, Dominance index had highest of 0.29 in May which 
reflects complete dominance of few species and lowest with 0.10 
in July. Generally, Simpson index ranges from 0 to 1. Mature and 
stable communities have high diversity value (0.6 to 0.9), while 
the communities under stress conditions, exhibiting low diversity, 

usually show close to zero value [25]. Simpson diversity index is 
always higher where the community is dominated by less number 
of species and when the dominance is shared by large number of 
species [4]. In the present study, Simpson index varied from 0.71 
in May to 0.90 in September and as such the Lagoon system had 
moderate anthropogenic pressures.
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In biological communities, Shannon-Wiener diversity index 
varies from 0 to 5. According to this index, values less than 1 
characterize heavily polluted conditions, and values in the range 
of 1 to 2 are characteristics of the moderate polluted conditions 
while the value above 3 signifies stable environmental conditions 
[4]. Shannon Weiner diversity values in the study area ranged from 
1.43 to 2.46. Thus, these values suggest that the Lagos Lagoon is 
moderately polluted and the macro benthic community is under 
stress due to natural and/or anthropogenic factors. Margalef index 
has no limit value and it shows a variation depending upon the 
number of species. Thus, it is used for comparison of the sites [4] 
and takes only one component of diversity (species richness) into 
consideration reflecting sensitivity to sample size. In the present 
study, the values of Margalef diversity index were between 1.60 
to 3.99. Evenness index also varied from 0.61 to 0.84 in Lagos 

Lagoon. The low diversity of Shannon, Margalef and Menhinick’s 
indices in this study may be attributed to declining numerical 
species composition induced by environmental degradation due to 
anthropogenic pressures, besides other biotic factors [26].

Principal Component Analysis

In the PCA analyses, variables associated with principal 
components 1 and 2 accounted for 82.74% variability among 
the samples (Figure 4). The Eigen value exceeded 1 for pH, TDS, 
and conductivity. The PC 1 showed that sulphate and turbidity 
had significant impact on the species evenness, Shannon-Weiner, 
Simpson dominance, and Equitability indices, while PC 2 showed 
that Nitrate and TDS had a significant impact on the total number 
of individuals, numerical species taxa, and Margalef indices of the 
benthic macroinvertebrate from the Lagos Lagoon. 

Figure 4: Principal component analysis of physico-chemical parameters and diversity indices of benthic macroinvertebrate of 
the Lagos Lagoon.

Relationship Between Benthic Fauna and Environmental 
Factors

The Pearson correlation coefficients (r) values between the 
benthic macro-invertebrates and with physicochemical parameters 
are presented in Tables 5. All Physico-chemical parameters showed 
significant correlations (p<0.05) with Equitability index, while 
pH correlated Fisher Alpha index (r = 0.963*, p<0.05) and Berger 
Parker index (r = -0.965*, p<0.05).  

Multivariate Statistical Analysis

The Cluster analysis revealed three distinct groups of the diversity 
indices of benthic macroinvertebrate which reflect differences in 
habitat types and influences to environmental factors within Lagos 
Lagoon (Figure 5a). The first group consists of (1) Fisher alpha and 

taxa numerical species; second group has (2a) Simpson’s dominance, 
Equitability, and Evenness, (2b) Shannon Weiner, Margalef and 
Menhinick’s indices; while the third group (3) has Dominance and 
Berger Parker indices. The percentage diversity values were largely 
dominated by Bivalves with numerical abundance, numerical 
species and Dominance closely related, as well as Margalef and 
Menhinick’s indices (Figure 5b).  The Generalized Linear Models 
(GLMs) showed that neither species richness nor species diversity 
varied significantly between space i.e. stations (species richness: 
F8,36= 1.3565, p>0.1; diversity: F8,36= 1.2827, p>0. 1) and time 
i.e. date (species richness: F3,36= 1.2907, p>0. 1; diversity: F3,36= 
0.8163, p>0.1). Thus, we present (statistical) evidence for the 
absence of both spatial and temporal variation in macrobenthic 
diversity within the Lagos Lagoon using regression analysis (GLMs).   
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Table 5: Pearson Correlation Coefficient of Physico-chemical parameters and diversity indices of benthic macroinvertebrate of the 
Lagos Lagoon.

* Correlation is significant at the 0.05 level (2-tailed).

** Correlation is significant at the 0.01 level (2-tailed).

Figure 5: Bray-Curtis similarity dendrogram showing the grouping of diversity indices.

Furthermore, a model with interaction between TDS and 
sampling date was found to be significant (p<0.05) in predicting 
diversity (Diversity= TDS* sampling date). Thus, our study shows 
that the relationship between diversity and TDS will depend on the 
time of the year in which it is assessed(Abstract Figure 1). Although 
the diversity of macrobenthos didn’t vary temporally, we record 
a temporal change in the relationship between diversity and TDS 

(and conductivity). Sampling date was found to have a synergistic 
effect on or an interaction with (Côte et al., 2016) the relationship 
between diversity indices and TDS. This suggests an indirect/
complex relationship between diversity and time; such that diversity 
may be predicted by temporal changes in these physicochemical 
parameters, in response to seasonal changes in salinity [14]. Our 
results suggest that DO and TDS (and conductivity), as water-
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chemistry parameters, are important for predicting the diversity 
of macrobenthic organisms in a spatially homogenous aquatic 
ecosystem such as the Lagos Lagoon. 

Conclusion
This study provides insights on the impacts of environmental 

variables on the diversity of macrobenthic invertebrate communities 
of the Lagos Lagoon. The species composition and diversity were 
significantly influenced by environmental factors, thus the study 
revealed that the Lagos Lagoon is under anthropogenic pressure 
from organic and inorganic forms of pollutions.  
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