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Cladocera, generally known as water fleas, are microcrusta-
ceans that assist as biological indicators of water quality. This
study observed the spatial-seasonal variation in the species com-
position, abundance, distribution, and diversity of Cladocera
in the Okhuaihe River, Ikpe, Benin City, Nigeria, from August
2021 to January 2022. By means of standard methods, six fami-
lies encompassing 75 individuals were documented. Station 4
recorded the highest abundance (64 individuals), while station
1 had the lowest (three individuals). Chydoridae (33.33%) was
the most dominant family, trailed by Sididae (26.67%), Moinidae
(16.00%), Daphniidae (14.67%), Bosminidae (8.00%), and Mac-
rothricidae (1.33%). Species richness and diversity were at their
peak in station 4 and lowest in station 2. Evenness was highest in
station 1, while dominance peaked in Station s. Daphniidae ex-
hibited a positive correlation with turbidity, while Macrothricidae
correlated positively with sulphate and turbidity. The study es-
tablished that the Okhuaihe River maintains good water quality,
with a Cladocera community characteristic of tropical freshwater
habitats, but with low diversity. The diversity of Cladocera did not
fully mirror the physicochemical conditions. Continuous moni-
toring is suggested to detect water quality deviations early, as
subsequently increased anthropogenic activities could negatively
influence and impact species abundance, richness, and diversity.
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INTRODUCTION

Cladoceransare considered important bioindica-
tors in freshwater for various ecological variables
owing to their taxa specificity to such changes in
their ambient environment. They show rapid
response to changes in the pH of the water in-
dicating their sensitivity to acidity and alkalinity
(Zawiska et al., 2013; Zawisza et al., 2016). Cla-
docera have an important role in the freshwater
ecosystem as they are the intermediate organ-
ism between phytoplankton and higher organ-
isms. The structure of the Cladocera community
is determined by the aquatic food web and not
the water, unlike other aquatic organisms such
as benthos and nekton (Berta et al., 2019). An in-
crease in plant nutrients (eutrophication) leads
to an increase in the Cladocera communities,
that is, they are more abundant in phytoplank-
ton-rich waters. However, this increase results
in high predation pressure, most nekton that are
planktivorous are size-specific; feeding on large-
sized cladocerans, living behind the small-sized
Cladocera such as Bosmina longirostris, which
ultimately leads to an upsurge in their popula-
tion (Hunt, Matveev, 2005). Meanwhile, in wa-
ters having poor nutrient (oligotrophic waters),
the population of cladocerans are reduced, ex-
cluding Leptodora, Bythotrephes and Polyphe-
mus; these species of Cladocera strive with
filter feeders/microfiltrators for smaller parti-
cles (Brooks, Dodson, 1965). Nektons are not
the only predators of cladocerans: there are in-
vertebrate predators as well, like adult cyclopoid
copepods, carnivorous cladocerans and insects
(de Bernardi et al., 1987).

Suhett et al., (2015) considered cladocer-
ans important bio-indicators for estimating
the toxicity of pesticides and other environ-
mental pollution in fresh water. Superior atten-
tion has been given to Cladocera across eco-
logical studies, predominantly to those dealing
with environmentally influenced stress from
its many factors like biochemical, molecular,
physiological, toxicological, etc.

Information on the scientific study, diver-
sity, and distribution of different species of Cla-
docera in Nigeria is limited; even as they carry

out an essential role (alongside other zooplank-
ton) in conveying primary production into fish
production (Jeje, 1989). Even though the Zoo-
plankton including the Cladocera fauna of
the Okhuaihe River has been widely studied in
some sections of the river, particularly along
the Benin-Agbor Road (Ogbeibu, Ogiesoba-
Eguakun, 2019), no report on the diversity or
the taxonomy of Cladocera at the Ikpe sec-
tion of the river along Benin-Abraka road has
been made. The Okhuaihe River at Ikpe is un-
der the influence of numerous environmental
stresses, due to which a wide fluctuation can
be expected in the diversity of the Cladocera
communities here. It is for this reason that this
study was carried out to establish the diversity,
relative abundance, and composition of the
Cladocera community. The objective of this
paper was to investigate spatial-seasonal vari-
ation in the species composition, abundance,
distribution, and diversity of Cladocera zoo-
plankton in the Okhuaihe River at Ikpe, Benin
City, Edo State, Nigeria, and the relationship
between the physicochemical water quality and
the structure of the Cladocera zooplankton
community.

MATERIALS AND METHODS

The study was carried out at four stations along
the Okhuaihe River in Ikpe village, Ikpoba-
Okha Local Government Area of Edo State,
Nigeria. The section of the river studied runs
across the Benin-Abraka express road, 30 kilo-
metres from Benin City, with an average eleva-
tion of —8.48 m below sea level to 1.87 m above
sealevel. The Okhuaihe River is one of the major
rivers that flows into the Ossiomo River, which
empties into the Atlantic Ocean. It is situated
in the tropical rainforest of Southern Nigeria.
The Okhuaihe community today has a popula-
tion of over 500 inhabitants, mainly the Ijaws
and Urhobos. Major activities of the population
include farming, fishing, local gin production,
palm wine production, timber and lumber pro-
duction (Fig 1).

The climate condition of the study area
was characterised by rainy/wet seasons and
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Fig. 1. Map of the Okhuaihe
River displaying the sampled

areas

dry seasons. The physicochemical properties
of the river changes with seasons. In the wet
season, there is a high flow rate, high turbidity
due to influx, decreased transparency, and in-
creased depth, especially after heavy rainfall; in
the dry season, there is a low or no flow rate and
increased transparency (Ekhator et al., 2013).
The period of the rainy season is usually from
April to October, and the dry season is from
November to March, with temperatures rang-
ing between 22 and 31°C (Olomukoro, 1983).

The vegetation of the study area comprises
mainly raffia palms (Raphia farinifera), sensi-
tive plants (Mimosa pudica), Bahama grasses
(Cynodon dactylon), Stubborn grasses (Sida
acuta), ferns (Polypodiophyta), wild cocoyam
plants (Colocasia esculenta), plantain trees
(Musa sapientum), coconut trees (Cocos nu-
cifera). Floating and submerged macrophytes
such as water hyacinth (Eichhornia crassipes)
were observed in the river.

Sampling was carried out at four stations of
the river.

Station 1 was located about 500 m be-
fore the Orhionmwon bridge, at latitude
6° 12’ 25.19” N and longitude 5° 45" 17.12” E.
The marginal vegetation was made up of raf-
fia palms, sensitive plants, stubborn grasses,

Bahama grasses, ferns, water hyacinths, and
wild cocoyam plants. The river at this point
was transparent, but the bed of the river was
muddy. Fingerlings could be seen swimming,
while anthropogenic activities include timber
and lumber production, fishing, palm wine and
local gin (ogogoro) production, laundry, swim-
ming, and spiritual activities.

Station 2 was located opposite station
1, 500 m before the Orhionmwon bridge,
at latitude 6° 12" 24.18” N and longitude
5° 45’ 15.99” E. It was surrounded by canopy
trees, raffia palms, sensitive plants, ferns, plan-
tain trees, wild cocoyam plants, and water hya-
cinths. A bathroom, a warehouse made of palm
fronds and bamboo were seen on the site. Wa-
ter in this station was quite transparent but had
a moderate flow rate and presence of algae. Hu-
man activities like washing, cooking, bathing,
and spiritual activities were obvious.

Station 3 was located 200 m from station
4 at latitude 6° 12’ 28.76” N and longitude
5° 45’ 8.55” E. The water was transparent and
had a high flow velocity compared to other sta-
tions. The vegetation at this station includes
plantain trees, raffia palms, coconut trees,
and wild cocoyam plants, also submerged and
floating macrophytes. A shrine was seen in
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the middle of the water, which was transparent
with a higher flow velocity compared to other
stations. Activities at this station includes tim-
ber and lumber production, cooking, fishing,
and spiritual activities.

Station 4 was located 100 m to station
1 at latitude 6° 12° 29.93” N and longitude
5° 45 3.84” E. The water was highly turbid
and had the lowest flow velocity compared to
the other stations. The marginal vegetation
surrounding this station includes raffia palms,
palm kernel trees, plantain trees, wild cocoyam
plants, with the presence of algae, ferns and
floating macrophytes. Human activities include
lumber and timber production, spiritual activi-
ties, and broom-making.

Sample collection

Sampling was carried out between 0800 hours
and 1200 hours each sampling day and were
collected monthly for a period of six months
(August 2021 to January 2022).

Zooplankton collection

Zooplankton samples were collected from
the four stations using the qualitative sam-
pling method which involved using 55 pm
Hydrobios plankton net, which was towed
by hand against the water current for about
5 min. The water collected was poured into
a sampling bottle and preserved in 4% for-
malin solution as recommended by UNESCO
(1974).

In the laboratory, the samples from the four
stations were concentrated to 25 ml using a net
of a very small mesh size, after which the sam-
ples were taken in succession into a Petri dish
and viewed under the microscope. The zoo-
plankton samples were sorted out for cladocer-
ans, counted, and identified under a binocular
compound microscope with a magnification
x40. The cladocerans seen were carefully picked
out using a sorting pin and a micro-pipette.
Accurate counts of each taxon of the cladocer-
ans found were taken and kept in well labelled
transparent sample bottles and preserved in 4%
formalin for future references. Parts of the or-
ganism like the number and orientation of seg-

ments on the antenna, caudal rami, rostrum,
post-abdomen, antennules were used to identi-
ty the cladocerans using appropriate identifica-
tion keys (Jeje, Fernando, 1986; Karuthapandi,
Rao, 2016).

Comparisons between the stations were
carried out to test for significant differences
in the abundance of cladocerans using para-
metric analysis of variance (ANOVA). Here,
significant value (p < 0.05) was obtained in
the ANOVA, Duncan multiple range (DMR)
test was performed to determine the location
of significant differences using SPSS 20.0 and
Microsoft Excel for Windows. The abundance
score for species abundance was estimated by
calculating the relative abundance (percentage)
of each species as given in the formula by Meye
and Tkomi (2008).

Cladocerans collected at the sampling sta-
tions were subjected to diversity indices.
The following indices were evaluated: Mar-
galef’s Index for species richness, Shannon-
Wiener Index (H’) for general species diversity,
and Evenness index (E). These indices which
express the degree of uniformity in the distri-
bution of individuals among the taxa in the col-
lections are based on the proportional abun-
dances of the individual species in the samples.
High values of Margalef’s Index, Evenness in-
dex, and Shannon-Wiener index indicate high
diversity. PAST (Paleontological Statistics) soft-
ware package for education and data analysis
was used to compute the diversity (Hammer et
al,, 2001).

RESULTS AND DISCUSSION

Community structure

The Cladocera samples collected from the study
areas were analysed to assess the taxa compo-
sition, distribution, abundance, diversity and
dominance of the species. The data acquired
are used to evaluate the spatial distribution of
the Cladocera community of the Okhuaihe Riv-
er. Cladocera recorded in this study comprises
members of the families Daphniidae, Chydori-
dae, Bosminidae, Macrothricidae, Sididae, and
Moinidae.
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Composition, distribution, abundance and
dominance of the Cladocera community

The overall taxa composition, abundance and
distribution of the Cladocera community are
presented in Table 1 and percentage relative
abundance is graphically represented in Fig. 2.
Daphniidae accounted for 14.67% of the to-
tal number of individuals, Chydoridae 33.33%,

Bosminidae 8.00%, Macrothricidae 1.33%, Sidi-
dae 26.67%, and Moinidae 16.00%.

The spatial distribution of the different fami-
lies of Cladocera when subjected to Chi-square
goodness of fit test showed highly significant
difference in the density (p < 0.01) for the fam-
ily Chydoridae and no significant difference in
the density (p > 0.05) for families Daphniidae,

Table 1. Checklist of Cladocera fauna (phylum: Arthropoda, subphylum: Crustacea, class: Branchi-

opoda, order: Cladocera)

Family Organism Author
Daphniidae Daphnia longispina Muller, 1776
Ceriodaphnia rigaudi Richard, 1894
Chydoridae Alona davidi davidi Richard, 1895
Alona monacantha Sars, 1901
Alona setulosa Megard, 1967
Alonella globulosa Daday, 1898
Chydorus sphaericus Leach, 1816
Euryalona orientalis Daday, 1898
Bosminidae Bosmina longirostris Muller, 1785
Macrothricidae Macrothrix spinosa King, 1853
Sididae Diaphanosoma brachyurum Lievin, 1848
Diaphanosoma excisum Sars, 1885
Diaphanosoma sarsi Richard, 1894
Moinidae Moina micrura Kurz, 1875

Fig. 2. Percentage of relative abundance of Cladocera in the Okhuaihe River
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Bosminidae, Macrothricidae, Sididae, and Moi-
nidae (Table 2).

Season-wise, the highest number of Clad-
ocera species were recorded in October 2021
(34 individuals), closely followed by Septem-
ber 2021 (19 individuals) and November (14
individuals); the lowest number of species was
recorded in August 2021 (two individuals),

closely followed by December 2021 (three indi-
viduals), and January 2022 (three individuals)
(Fig. 3).

Relatively, Cladocera species varied in rela-
tion to seasons. There was higher total abun-
dance of Cladocera species in the rainy season
and lower total abundance of Cladocera species
in the dry season.

Table 2. Composition, abundance and distribution of Cladocera

Family Organism | Station 1 Station2 | Station 3 Station 4
Daphniidae Ceriodaphnia rigaudi 0 0 0 2
Daphnia longispina 0 0 3 6
Chydoridae Alona davidi davidi 1 0 1 1
Alona monacantha 0 0 0 1
Alona setulosa 0 3 1 11
Alonella globulosa 0 0 0 1
Chydorus sphaericus 0 0 0 4
Euryalona orientalis 0 0 0 1
Bosminidae Bosmina longirostris 0 1 0 5
Macrothricidae Macrothrix spinosa 0 0 1 0
Sididae Diaphanosoma brachyurum 0 0 0 16
Diaphanosoma excisum 0 0 0 3
Diaphanosoma sarsi 0 0 0 1
Moinidae Moina micrura 2 0 0 10

Fig. 3. Seasonal distribution of Cladocera across the sampling months
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Diversity indices
Dominance, Shannon-Wiener, Evenness,
and Margalef’s indices were used in assess-
ing the occurrence of Cladocera (Table 3).
The measure of species richness as indicated
by Margalef’s index showed the highest value
with an index of 2.908 at station 4 and low-
est value with an index of 0.721 at station 2.
The general diversity computation (Shannon-
Wiener index) showed that station 4 had
the highest diversity among the study stations
with an index of 2.147. This was followed by
station 3 with the value of 1.242, while the least
diverse of the study station was station 2 with
an index of 0.562.

Evenness was highest in station 1 (0.945),
which was closely followed by station 2
(0.877). Station 3 had evenness of 0.866 which

Table 3. Spatial distribution of Cladocera

was closely followed by station 4 with the low-
est value of 0.6582. Dominance was highest at
station 2 (0.625), closely followed by station
1 (0.556). Station 3 had a value of 0.333, while
the lowest value was recorded at station 4
(0.149) (Table 4).

Correlation analysis

Correlation analysis was carried out to test
the relationship between the abundance and
variations of Cladocera in the physiochemi-
cal parameters of water. A positive significant
correlation was observed between the con-
centration of turbidity and the abundance of
Daphniidae. Macrothricidae exhibited posi-
tive and significant correlations with sulphate
and turbidity.

Cladocera composition across the stations

Taxa Station 1 Station 2 Station 3 Station 4 p value
Daphniidae 0 0 3 8 p>0.05
Chydoridae 1 3 2 19 p<0.01
Bosminidae 0 1 0 5 p >0.05
Macrothricidae 0 0 1 0 p >0.05
Sididae 0 0 0 20 p >0.05
Moinidae 2 0 0 10 p >0.05

Total 3 4 6 62

Note: p < 0.01 = high significant difference, p > 0.05 = no significant difference.
Table 4. Diversity indices of Cladocera in the study area
Diversity indices Station 1 Station 2 Station 3 Station 4
Taxa_S 2 2 4 13
Individuals 3 4 6 62
Dominance_D 0.556 0.625 0.333 0.149
Shannon_H 0.637 0.562 1.242 2.147
Simpson_1-D 0.444 0.375 0.667 0.851
Evenness_e"H/S 0.945 0.877 0.866 0.6582
Margalef 0.910 0.721 1.674 2.908
Equitability_J 0.918 0.811 0.896 0.837
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DISCUSSION

Cladocerans are believed to be good indicators
of their ambient environment. This is because
of their ability to respond rapidly to changes
in their habitat (Omoigberale, Oronsaye, 2011;
Zawisza et al., 2016). The spatial distribution
of Cladocera is based on the water chemistry
and the seasonal condition of the environment
(Choedchim et al., 2017).

A total of 75 individuals of Cladocera
(Daphniidae, Chydoridae, Bosminidae, Mac-
rothricidae, Sididae, and Moinidae) were en-
countered in this study. These were made up of
two species of Daphniidae, six species of Chy-
doridae, one species of Bosminidae, one spe-
cies of Macrothricidae, three species of Sidi-
dae, and one species of Moinidae. This study is
similar to the research carried out in a differ-
ent region of the Okhuaihe River by Omoig-
berale and Oronsaye (2011), which recorded
four species of Chydoridae, one species of
Bosminidae, one species of Sididae, and one
species of Moinidae. Similar reports were also
found in studies done on the River Ossiomo
by Ikhuoriah et al. (2015), which encountered
two species of Daphniidae, four species of Ch-
ydoridae, one species of Bosminidae, one spe-
cies of Macrothricidae, one species of Sididae,
and one species of Moinidae. Also, studies on
tropical coastal estuary by Abdul et al. (2016)
revealed three species of Daphniidae, one spe-
cies of Chydoridae, one species of Bosmini-
dae, one species of Macrothricidae, and one
species of Moinidae.

The family Chydoridae was the most abun-
dant of the encountered Cladocera, accounting
for 33.33% of the total number of individuals,
followed by Sididae 26.67%, Moinidae 16.00%,
Daphniidae  14.67%, Bosminidae 8.00%,
and Macrothricidae 1.33%. This is similar to
the study carried out by Imoobe et al. (2008),
with Chydoridae accounting for 10% followed
by Macrothricidae 6.1%, Bosminidae 5.2%,
Moinidae 3.3%, and Sididae 2.5%. In contrast
to this is the study by Adeniyi et al. (2020),
which recorded Chydoridae with the lowest
relative abundance of 0.13%, the highest being

Bosminidae 6.33%, followed by Sididae 3.85%,
Moinidae 2.63%, and Daphniidae 0.54%.

The overall distribution, diversity, composi-
tion, abundance and dominance of the Clad-
ocera species varied spatially at the study sta-
tions. Station 4 recorded the highest abundance
of Cladocera species, while the lowest value was
recorded at station 1. The low abundance of
the Cladocera species in station 1 may be due to
the common anthropogenic activities (Ikhuo-
riah et al., 2015) at the station, such as swim-
ming, laundry, timber and lumber production,
fishing, palm wine and local gin (ogogoro) pro-
duction, and spiritual activities.

The density of Cladocera recorded from
August 2021 to January 2022 coincides with
wet and dry seasons. During the wet season,
nutrients become significantly higher due to
increased surface runoff (Kitheka et al., 1999);
these nutrients in the water body initiate food
production, i.e., phytoplankton, thus enabling
the water body to support the high abundance
of Cladocera species present (Manickam et al.,
2017; 2018). This explains the peaks of Clad-
ocera species in the rainy months of Septem-
ber and October. This was in agreement with
the studies carried out in the Ogbei Stream by
Ibemenuga (2020) and in Kenyir Reservoir,
Malaysia, by Yusoft et al. (2002), which ob-
served an increase in zooplankton abundance
during the rainy season. This is in contrast with
studies carried out by Omoboye et al. (2022)
and Anyanwu et al. (2022), which recorded an
increase in zooplankton abundance reported
during the dry season. However, the abundance
of Cladocera was low in August 2021, despite it
being part of the rainy season. This was due to
the short dry period known as ‘August break;,
which is generally observed 2-3 weeks in late
July and early August in most of southern Ni-
geria (Chineke et al., 2010; Asadu, 2002; Adeju-
won, Odekunle, 2006).

The calculated diversity indices using Shan-
non’s index revealed that station 4 (2.147) had
high diversity followed by Margalef’s richness
index at station 3 (1.242), which take into con-
sideration the relationship between the number
of species ‘S’ and the total number of individu-
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als observed ‘N’ indicated that station 4 (2.908)
was higher in species richness followed by sta-
tion 3 (1.674). Simpson’s index, which consid-
ers both richness and diversity, showed that
station 4 (0.851) had the greatest diversity fol-
lowed by station 3 (0.667), and the study sta-
tion with the lowest diversity was at station
2 (0.375). The high values of Shannon’s index,
Margalef’s index, and Simpsons index re-
corded during the course of this study indicate
high diversity and the nutrient-rich status of
the station; this may be because station 4 has
the lowest flow velocity and less anthropogen-
ic activities compared to the other stations on
the Okhuaihe River. This is in agreement with
the study by Imoobe (2011), which suggested
that the Okhuo River was not under pollution
threat due to the high diversity of organisms
present in it.

CONCLUSIONS

The diversity of the Cladocera community in
Okhuaihe River was quite low and did not re-
flect the prevailing physicochemical conditions.
In this study, the cladocerans encountered are
characteristic of a typical freshwater habitat.
Continuous monitoring should be carried out
periodically on the river so that a deviation in
the quality of the water can be detected timely
as increased anthropogenic activities in the riv-
er would impair the water quality which would,
in turn, affect the abundance, richness and di-
versity of the species in years to come.
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Omorede Odigie, Isaiah Elimhingbovo,
Precious Iziegbe Osafonamen,
Thadeus Ohiokhioya Tunde Imoobe

CLADOCERA ZOOPLANKTONO OKHUAI-
HE UPEJE (IKPAS, BENINO MIESTAS, EDO
VALSTIJA, NIGERIJA) KAITA ERDVEJE IR
LAIKE PAGAL RUSINE SUDET], GAUSA, PA-
SISKIRSTYMA IR [VAIROVE

Santrauka

Cladocera mikrovéziagyviai yra biologiniai van-
dens kokybés rodikliai. Tyrimo metu buvo stebima
Cladocera rasiy sudéties, gausos, paplitimo ir jvai-
rovés kaita erdvéje ir laike Okhuaihe upéje, Ikpe,
Benino mieste (Nigerija) nuo 2021 m. rugpjucio
iki 2022 m. sausio ménesio. Standartiniais meto-
dais buvo uzfiksuotos Sesios Seimos, apimancios 75
individus. 4-oje stotyje uzfiksuota didziausia gausa
(64 individai), o 1-oje — maziausia (3 individai).
Pasiskirstymas pagal gausa: Chydoridae (33,33 %),
Sididae (26,67 %), Moinidae (16,00 %), Daphniidae
(14,67 %), Bosminidae (8,00 %) ir Macrothricidae
(1,33 %). DidZiausia rtsiy gausa ir jvairové nustatyta
4-oje stotyje, 0o maziausia — 2-oje stotyje. DidZiausias
tolygumas uzfiksuotas 1-oje stotyje, o dominavi-
mas - 2-oje stotyje. Daphniidae $eima teigiamai
koreliavo su drumstumu, o Macrothricidae - su sul-
fatais ir drumstumu. Tyrimas rodo, kad Okhuaihe
upés vandens kokybé yra gera, o Cladocera ben-
drija atitinka tropiniy gélavandeniy buveiniy cha-

rakteristikas, taciau nedidelé jos jvairové nevisiskai
atspindéjo fizikines ir chemines salygas. Siekiant
anksti nustatyti vandens kokybés poky¢ius, reko-
menduojama testi stebéseng, nes didelis antropo-
geninis poveikis gali neigiamai paveikti rasiy gausa,
turtinguma ir jvairove.

Raktazodziai: Cladocera, fizikiniai ir cheminiai

parametrai, jvairové, gausa, stebésena
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