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Abstract
Background and Objective: Freshwater systems support agriculture, industry and even human existence. Pollution due to human
activities affect the quality of water bodies thereby threatening biodiversity. This study, therefore, investigated the anthropogenic
influences on physico-chemical quality, fish and macrophyte diversities of River Adofi. Materials and Methods: Three sampling stations
along River Adofi at Ejeme-Aniogor (Station 1), Utagba-Uno (Station 2) and Umuleke-Ossissa (Station 3) were selected based on ecological
features and the presence of human activities. Water samples were collected fortnightly for 6 months and water quality was determined.
Fish and macrophyte species were collected and diversity indices were calculated. Results: Physico-chemical parameters were significantly
different (p<0.05) in all three stations except for magnesium, calcium and nitrate. Temperature, total dissolved solids, conductivity, COD,
total alkalinity and magnesium were higher (p<0.05) in Station 2 at Utagba-Uno where a rubber factory effluent discharges into the river.
Out of 15 families, 18 genera and 26 species of fish collected Oreochromis  species were more abundant, followed by Gymnarchus
niloticus. Mokochidae and Clariidae had higher diversities than other families. Macrophytes recorded were 53 taxa from 21 families and
33 genera with emergent and submerged life forms dominating. Poaceae dominated with nine species. Shannon index increased with
increasing species richness and evenness with both fish and macrophytes evenly distributed. Conclusion: Lower diversity of fish species
observed in Station 2 may be due to influences of effluent discharges into the river while domestic and agricultural activities enhanced
abundance and diversity of fish and macrophytes at Station 3.
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INTRODUCTION

Aquatic ecosystems are vast and rich in plant and animal
lives which contribute to the aquatic food chain. Freshwater
systems also support agriculture, industry and even human
existence. Optimum water quality is therefore essential for
ecological balance and economic development. However,
freshwater bodies are increasingly being contaminated with
domestic, agricultural, industrial wastes and runoffs as these
and other pollutants are washed directly into streams and
rivers1. River pollution has now become a major problem
facing most developing nations. Anthropogenic influences
around the river banks and its environment are known sources
of water pollution and increasing exploitation of water
resources2-4. Anthropogenic activities have been reported to
directly or indirectly affect water quality and quantity in lakes
and rivers thereby threatening fish diversity5. It affects water
quality, destroy habitats and alter the diversity of fish and
other aquatics6.

The physical and chemical qualities of water are very
important for fish growth and production as fish depends on
water to carry out activities such as breeding, movement and
respiration7. Aquatic macrophytes are large macroscopic
photosynthetic plants having at least their vegetative parts
growing permanently or periodically in aquatic habitat8,9.
Freshwater macrophytes play important roles in structuring
aquatic communities by providing physical structure, food,
shelter, increased habitat complexity and heterogeneity
affecting various organisms like invertebrates, fishes which are
protected against currents and predators10-12. The depth,
density, diversity and types of macrophytes indicate the health
condition of the water system since they have a heavy
influence on habitat structure, fish species composition,
recreational and nutrient dynamics11,13. An absence of
macrophytes therefore may indicate water quality problems
while an overabundance resulting from high nutrient levels
may affect ecosystem health negatively.

River Adofi is an important source of water supply in parts
of rural southern Nigeria. Communities located near and along
the river depend on its water for domestic and agricultural
use. An assessment of the water quality as it affects the
diversity of fish and macrophytes can be used to determine its
sustainability for rural development.

This study aimed to investigate the influence of
anthropogenic activities on physico-chemical quality and
diversity of fish species and aquatic macrophytes in River
Adofi, Nigeria.

MATERIALS AND METHODS

Study area: River Adofi is located in the Delta North
Agricultural Zone of Delta State, Southern Nigeria. The river
lies between 5E45' N and 6E00'N, 6E17'E and 6E34'E within the
tropical rain forest of the Niger Delta area, Southern Nigeria
having a mean annual temperature of 28EC and mean annual
relative humidity of 85% (Fig. 1). The source of the river is at
Owa-Alidinma and Ejeme-Aniogor water-shed from where the
river flows southwards towards Ossissa in Ndokwa-East Local
Government Area of Delta State before it empties its water in
River Niger14. Three sampling stations along River Adofi at
Ejeme-Aniogor (Station 1), Utagba-Uno (Station 2) and
Umuleke-Ossissa (Station 3) were selected based on ecological
features and the presence of human activities. Station 1 had
little or no human activity (mainly religious) and with dense
vegetation. Station 2 was 100 m from point of effluent
discharge of the Michelin Rubber Factory and Station 3 was
under the road bridge at Umuleke-Ossissa with high human
activities such as farming along the river banks, bathing,
washing of clothes, vehicles, motorbikes in the river and
commercial activities like sales of fresh fish. This research was
conducted from April-September, 2019.

Collection of samples: Water samples were collected
fortnightly  between  the  hours of 7.00 am and 10.00 am for
6 months of the rainy season spanning April-September in
2019. Parameters determined in-situ were the subsurface
temperature of the water using an insulated metal bucket,
transparency by secchi disc, depth using weighted graduated
rope, current (speed of water) by a timed floater. Water
samples were collected for determination of other parameters
using sterile 250 mL corked bottles which were transported to
the Faculty of Agriculture Research Laboratory of Delta State
University for analysis. Conductivity by conductometer (S700,
Mettler Toledo, France), pH by pH meter (pH 981, Pec Medical,
USA) and standardized with a buffer solution of 7, Total
Dissolved Solids (TDS) was determined gravimetrically by
evaporating a known volume of water to dryness in a pre-
weighed crucible on a steam bath. Chemical parameters
determined were pH, Dissolved Oxygen (DO) (using Digital DO
meter, USA), biological oxygen demand (BOD) using Hanna
BOD meter (H15 421, India), chemical oxygen demand (COD)
using COD meter (H183314 Photometer, India), total alkalinity,
magnesium, phosphate, calcium and nitrate according to
standard methods15,16.

Fish samples were harvested with the help of fishermen
who set  traps  overnight  and  also used hook and line from a
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Fig. 1: Map of river Adofi showing study stations at Ejeme-Aniogor, Utagba-Uno and Umuleke-Ossissa
(Adapted from mapcarta.com)

dug-out canoe. Fish samples were preserved in an ice chest
and later taken to the Department of Fisheries of Delta State
University for identification17,18.  Different parts of the river in
each station were sampled for floating, submerged, emergent
and embankment plants by twelve throws of a 1 m by 1 m
light wooded quadrant on the river banks and by using rakes
from a canoe for submerged, emergent and floating forms
while a sieve attached to a long handle was used to collect
free-floating species. Aquatic macrophytes collected were
washed and kept in air-tight black cellophane to avoid drying
up and then taken to the Department of Forestry and Wildlife
for identification19-21.

Biodiversity indices: Diversity indices such as Species
richness22, Shannon-Weaver/Shannon  Diversity  index23,
Simpson Dominance Index24 and Species evenness index25

were used to assess fish and macrophyte species using the
following formulae:

C Species richness (d): 

S-1d = 
In N

where, S is total number of species, N is total number of
individuals of all the species. In this study, species richness of

fish species was calculated while genus richness for
macrophytes was used26, because of difficulty in separating
individual stands due to clonal nature of macrophytes and
logistic limitations to measure biomasses in all samples27.

C Shannon-Wiener index (H):

N log N fi log fiH = 
N
 

where, N  is  total  number  of  individuals  of  all  the species,
fi is number of an individual species.

C Shannon's index of diversity (H1):

H1 = – 3 pi ln pi

where, pi is the proportion of importance value of the ith
species ( pi = ni/N, ni is the importance value of ith species and
N is the Importance Value of all the species).

C Evenness index (E):

HE = 
log S
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where, H is Shannon-Wiener diversity index and log S is
natural log of the total number of species recorded.

C Simpson’s index of Dominance (D):

D = 3 (pi)2

were, pi is the proportion of important value of the ith species
( pi = ni/N, ni is the importance value of ith species and N is
the Importance Value of all the species).

C Simpson’s Diversity Index (1-D): represents the
probability that two individual organisms randomly
selected from a sample will belong to different species

Data analysis: Water quality data collected were subjected to
one-way Analysis of Variance (ANOVA) procedures using SPSS
version 17 with significant means separated at 5% level of
probability using Duncan’s Multiple Range Tests. Differences
in species/genera diversity were calculated using t-test
statistics28.

RESULTS

All physicochemical parameters determined were
significantly different (p<0.05) in the three study stations
except for calcium and nitrate which were statistically the
same in Station 1 and Station 3 (Table 1). Temperature
(29.10±0.10EC), total dissolved solids (2.21±0.01 g LG1)
conductivity (29.03±0.06 µS cmG1), COD (42.83±0.12 mg LG1),

total alkalinity (448.29±0.55 mg LG1) and magnesium
(4.92+0.06 mg LG1) were higher (p<0.05) in Station 2 at
Utagba-Uno where rubber effluent is discharged into the river.
Station 1 with less human activities had a higher (p<0.05) DO
of 8.13±0.02 mg LG1 and BOD of 7.26±0.02 mg LG1. Station 3,
with most domestic and agricultural activities, had a higher
(p<0.05) phosphate value of 148.34±0.29 mg LG1.

The abundance and diversity of fish species in study
stations along the River Adofi are presented in Table 2. Fifteen
families, 18 genera and 26 species of fish were harvested from
study stations along River Adofi. Oreochromis niloticus and
Oreochromis aureus were more abundant in terms of the
number of individual species, closely followed by Gymnarchus
niloticus. Whereas fish families of Mokochidae and Clariidae
had a higher diversity of species than the other fish families.
Out of 53 taxa of species belonging to 21 families and 33
genera of aquatic macrophytes sampled, emergent life forms
dominated with 17 emergent, 7 embankments, 11 floatings,
5 free-floating and 13 submerged life forms encountered.
Poaceae family dominated with 8 species belonging to 6 taxa
namely Echinochloa stagnina, Echinochloa pyramidalis, Oryza
barthi, Phragmites karka, Polygonum lanigerum, Leersia
virginica, Leersia oryzoides and Vossia cuspidata found in the
study stations.

The data of Table 3 shows the diversity and life forms of
macrophytes in the study stations. Figure 2 shows the diversity
indices of fish species in the study stations along the River
Adofi while Fig. 3 shows the diversity indices of macrophyte
species in the study stations along the River Adofi. Shannon
index   was   observed   to   increase   with   increasing  species

Table 1:  Mean physicochemical parameters of river Adofi at study stations
Station
------------------------------------------------------------------------------------------------------------------------------------------------------

Physicochemical parameters (1) Ejeme-Aniogor (2) Utagba-Uno (3) Umuleke Ossissa
Physical
Temperature (EC) 27.82±0.02a 29.10±0.10c 28.89±0.02b

Transparency (cm) 35.25±0.06b 12.36±0.08a 88.67±0.64c

Depth (cm) 35.25±0.07a 56.14±0.12b 128.26±0.23c

Speed (m secG1) 0.43±0.02c 0.28±0.01a 0.35±0.02b

Chemical
Total dissolved solids (g LG1) 0.62±0.02a 2.21±0.10c 1.16±0.01b

pH 6.60±0.10b 5.76±0.01a 6.92±0.01c

Conductivity (µS cmG1) 2.20±0.10a 29.03±0.06c 8.42±0.02b

DO (mg LG1) 8.13±0.02c 2.98±0.01a 6.84±0.03b

BOD (mg LG1) 7.26±0.02c 2.23±0.02a 6.85±0.02b

COD (mg LG1) 2.46±0.02a 42.83±0.12c 18.42±0.02b

Total alkalinity (mg LG1) 324.24±0.04a 448.29±0.55c 389.80±0.11b

Phosphate (mg LG1) 39.24±0.04a 80.57±0.15b 148.34±0.29c

Magnesium (mg LG1) 3.61±0.04a 4.92±0.06c 3.84±0.05a

Calcium (mg LG1) 8.33±0.12a 8.93±0.05b 8.42±0.01a

Nitrate (mg LG1) 2.77±0.12a 3.86±0.03b 2.68±0.02a

Means (+SD) on the same row with different letters are significantly different at o<0.05, (Field survey, 2019)
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Fig. 2: Diversity indices of fish species from study stations along River Adofi 
d = Species Richness, H = Shannon-Wiener Index; H1; Shannon's Index; E = Evenness Index; D = Simpson's Dominance Index; 1-D = Simpson's Diversity index

Table 2: Abundance and Diversity of fish species in study stations along River Adofi
Fish species Family Station 1 Station 2 Station 3
Oreochromis niloticus Cichlidae 87 55 124
Oreochromis aureus Cichlidae 62 24 96
Bagrus bayad Bagridae 23 20 34
Bagrus docmak Bagridae 11 2 10
Synodontis ocellifer Mochokidae 84 18 28
Synodontis clarias Mochokidae 14 6 12
Synodontis filamentosus Mochokidae 23 6 17
Synodontis nigrita Mochokidae 18 2 7
Clarotes laticeps Bagridae 0 0 3
Parachanna obscura Channidae 5 0 2
Hyperopisus bebes Mormyridae 3 0 19
Gymnarchus niloticus Gymnarchidae 14 22 83
Lates niloticus Centropomidae 12 10 16
Heterotis niloticus Osteoglossidae 25 27 48
Clarias gariepinus Clariidae 39 74 55
Clarias anguillaris Clariidae 28 33 21
Labeo senegalensis Cyprinidae 12 10 13
Labeo coubie Cyprinidae 6 8 18
Hydrocynus forskalii Characidae 14 1 20
Distichodus rostratus Characidae 30 21 46
Schilbe mystus Schilbeidae 15 12 16
Citharinus citharus Citharinidae 5 0 0
Heterobranchus bidorsalis Clariidae 20 12 15
Heterobranchus longifilis Clariidae 4 0 0
Malapterurus electricus Malapteruridae 4 1 2
Protopterus annectens Protopterdae 3 0 6
Number of species 25 20 24
Number of individuals 561 364 711
Field survey, 2019

richness and evenness. Shannon-Weiner Index for fish in
Station 1 (1.16) was significantly higher (p<0.05) than the
index for Station 2 (1.05). Also, values obtained for evenness
shows that both fish and macrophyte species were evenly
distributed in the study stations. Simpson's Dominance Index

was found to be low in both fish species and macrophytes.
Stations 1 and 3 had higher diversity and abundance of both
fish and macrophytes species. A high level of agricultural
activities in Station 3 and the undisturbed nature of Station 1
may have contributed to the high diversity.
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Fig. 3: Diversity indices of aquatic macrophyte species from study stations along River Adofi 
(d = Species Richness, H = Shannon-Wiener Index; H1; Shannon's Index; E = Evenness Index; D = Simpson's Dominance Index; 1-D = Simpson's Diversity index)

Table 3: Diversity of macrophytes genera in study stations along River Adofi
Macrophytes (genera) Family names Station 1 Station 2 Station 3
Cyperus  spp. Cyperaceae 1 1 2
Eichhornia  spp. Pontederiaceae 2 2 2
Echinochloa  spp Poaceae 2 0 0
Ipomoea  spp. Convolvulaceae 1 0 1
Ludwigia  spp. Onagraceae 1 2 5
Neptunia  spp. Fabaceae 1 0 0
Nephrolepis  spp. Lomariopsidaceae 1 2 1
Oryza  spp. Poaceae 1 1 1
Phragmite  spp. Poaceae 1 1 1
Polygonum  spp. Poaceae 1 1 1
Sagittaria  spp. Alismataceae 1 2 2
Typha  spp. Typhaceae 1 2 2
Alternanthera  spp. Amaranthaceae 1 0 1
Juncus  spp. Juncaceae 1 0 1
Leersia  spp. Poaceae 1 2 2
Sacciolepis  spp. Onagraceae 1 1 1
Lemna  spp. Araceae 1 1 1
Nymphoides  spp. Menyanthaceae 1 2 2
Nymphaea  spp. Nymphaeaceae 2 2 2
Potamogeton  spp. Potamogetonaceae 2 4 4
Pistia  spp. Araceae 1 1 1
Spirodela  spp. Araceae 1 1 1
Salvinia  spp. Salviniaceae 1 1 1
Azolla  spp. Salviniaceae 1 2 2
Wolffia  spp. Araceae 1 1 1
Callitriche  spp. Plantaginaceae  0 0 1
Ceratophyllum  spp. Ceratophyllaceae 1 0 1
Elodea  spp. Hydrocharitaceae 1 0 1
Najas indica Hydrocharitaceae 1 0 1
Ranunculus  spp. Ruppiaceae 1 2 2
Ruppia  spp. Ruppiaceae 1 2 2
Vossia   spp. Poaceae 1 1 1
Zostera  spp. Zosteraceae 1 0 0
Number of genera 32 23 30
Number of individuals 36 37 47
Field survey, 2019
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DISCUSSION

Levels of physicochemical parameters observed in this
study were significantly different in all three stations except
for magnesium, calcium and nitrate levels which were
statistically the same in Stations 1 and 3. Station 2 with higher
levels of temperature, total dissolved solids conductivity, COD,
total alkalinity and magnesium may have been influenced by
the effluent discharge from the rubber factory located at
Utagba-Uno, close to the site of sample collection. It has been
reported that water quality can be affected by various
environmental variables showing wide temporal and spatial
differences that may directly or indirectly affect the life of
aquatic organisms29. The low DO and BOD and higher levels of
phosphate and pH observed in Station 3 could be due to high
organic  pollution due to human activities mostly domestic
and agricultural. This agrees with the earlier findings that
human activities generate high organic pollution30-32.
Frankouich et al.33 reported that aquatic macrophyte
distribution and growth is associated with nutrient-rich
environments particularly nitrate and phosphate. The low level
of conductivity observed could be due to the measure of
elements in the water column, which is a reflection of the
measure of chloride ions in dissolution in the water34,35.
Though levels of calcium and magnesium obtained in this
study   were  low,  levels  were  within  the  typical  range  of 
4-100 mg LG1 in freshwater bodies as earlier reported36.
Fifteen families, 18 genera and 26 species of fish collected

from the study stations shows that Oreochromis niloticus and
Oreochromis aureus  were more abundant in number,
followed by Gymnarchus niloticus. Whereas, fish families of
Mokochidae and Clariidae had a higher diversity of species
than other families. Earlier studies reported the abundance of
Mokochidae37 and Bagridae38 fish species in rivers in Nigeria.
Emergent and submerged forms of aquatic macrophytes were
more in number than an embankment, floating and free-
floating forms. The dominance of emergent among other life
forms of macrophytes reveals lower productive nature of
water bodies and indicates the encroachment of littoral
vegetation which reduces the core area of water bodies26.
Macrophyte species were more abundant and diverse in
Station 3, with forest-like vegetation, having more vegetation
cover than other stations sampled. Station 2 had the least
macrophyte diversity. The abundance of submerged
macrophyte at Station 3, could be a pointer to eutrophication.
This is because submerged macrophytes are considered to be
suitable eutrophication indicators and are sensitive to local
environmental conditions39,40. Free-floating forms were also
present in the study stations. Ghosh and Biswas26 noted that

free-floating and rooted floating leaved species are the most
competitive in the aquatic environment for light and usually
are dominant macrophytes communities when nutrient levels
in the water are sufficiently high.
The use of macrophytes as bioindicators of water quality

of rivers have been reported to have high precision, are cost-
effective and reliable to detect environmental changes instead
of using only water analysis41-43,26. The diversity of flora and
fauna in aquatic ecosystems and its distribution is directly
affected by physical and chemical parameters of the
environment where all the life processes take place44. The
interplay between macrophytes and water quality variables
represents a fundamental characteristic of river systems,
which has important implications for river flow and ecological
functioning45. It has been noted that changes in macrophyte
community due to enhanced nutrients resulting from
anthropogenic activities such as agriculture, forestry
operations, constructions activities and urbanization programs
are now commonplace in many parts of the world, requiring
appropriate attribution of the cause of such changes in the
flora, which is vital for management decisions46-48. River Adofi
was found to have a high abundance and diversity of fish
species and macrophytes with members of the family
Cichlidae and Poaceae dominating in study stations for fish
and macrophyte species respectively. This fact is evidenced in
the value of the Shannon index obtained for both fish and
macrophytes. Species diversity is a useful parameter for the
comparison of communities under the influence of
disturbances of any kind or to know the state of succession
and stability in the community49. Anthropogenic activities in
Station 2 may be responsible for the low diversity of fish
observed. A significantly lower level of dissolved oxygen was
also recorded for Station 2. Changes in the ecosystem
including oxygen depletion caused by nutrient enrichment
from runoff from agricultural lands can lead to loss of fish
diversity50,5,6,51. The low dominance obtained in this study
shows that there was a high diversity of species. River Adofi
can therefore be described as a diversity hotspot for both fish
species and aquatic macrophytes.

CONCLUSION

This study concludes that anthropogenic activities at
Utagba-Uno, Station 2, had a negative influence on
physicochemical parameters probably due to effluent
discharge from the rubber factory close to point of sample
collection. While domestic and agricultural activities at
Stations 1 and 3 enhanced the abundance and diversity of fish
species and aquatic macrophytes.
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SIGNIFICANCE STATEMENT

This study has shown that anthropogenic activities
impacted on biodiversity of fish species and aquatic
macrophytes at Utagba-Uno and Umuleke-Ossissa in River
Adofi.
This study will help in providing useful baseline

information in the management and biomonitoring of the
river ecosystems for improved biodiversity and to forestall any
future negative impact of human activities in River Adofi,
Southern Nigeria.
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