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Abstract: Ecology and diversity of zooplankton in the Great Kwa River, located in Cross River state (Southern Nigeria) was studied
based on bi-monthly samples collected for six months (May to October, 2012). The objective of the study was to determine the
abundance and species composition of zooplankton from four sampling stations in the study area. A total of forty-four (44) taxa
belonging to seven (7) taxonomic groups were recorded: 1 Heterodonta and Salpid (2.27%), 2 Chaetognathans and Decapods (4.55%), 7
Rotifera (15.91%), 11 Cladocera (25.0%) and 20 Copepods (45.45%). Total number of species in relation to sampling stations was
highest in Esuk Atu with 34 species (27.2%), followed by 33 species in Anantigha station (26.45), followed by 32 species in Obufa Esuk
station (25.6%) and lowest in Abitu station with 26 species (20.8%). Absolutely constant species (AS) were found only in Cladocera
(Daphnia magna, Daphnia pulex and Daphnia rosea) and Copepoda (Calanus calanus, Calanus fimnarchicus, Diaptomus gracilus,
Enterpira autifrons, Enterpira elongatus, Paracalanus parvus and Pseudocalanus elongatus). Based on these findings, it could be
concluded that the relatively high zooplankton species diversity in the Great Kwa River is an indication of the healthy state of the river.
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1. Introduction

The term zooplankton is derived from two Greek words,
zoon meaning "animal”, and planktos meaning "drifters" [1].
Zooplankton plays a significant role in aquatic food web by
linking the primary producers (by consuming phytoplankton,
mainly  various  bacterio-plankton and  sometimes
zooplankton) and higher trophic levels [2]. According to [3],
zooplanktons are heterotrophic planktonic animals floating
in water which constitute an important food source for many
species of aquatic organism. Zooplankton by their
heterotrophic activity plays a key role in the cycling of
organic materials in aquatic ecosystems and used as bio-
indicators. Zooplanktons are not only useful as bio-
indicators to help us detect pollution load, but are also
helpful for ameliorating polluted waters [4]. In Nigeria,
several studies on zooplankton abundance, composition and
diversity have been conducted extensively in water bodies
including rivers and lakes [5], [6], [7], [8]. The Great Kwa
River is one of the major tributaries of the Cross River
Estuary. [9] reported that this important river takes its rise
from the Oban Hills in Nigeria, flows southwards and
discharges into the Cross River Estuary around latitude
4°45°N and longitudes 8°20°E. However, due to lack of
sewage treatment facilities and increase in human population
in Calabar municipality, the river ecology is under pollution
threat especially as heavy rains wash human and industrial
waste into the river [10]. The objective of our study was to
investigate the composition and diversity of zooplankton
communities in the Great Kwa River with aim of
contributing to the knowledge of zooplankton diversity in
the river.

2. Material and Methods
2.1 Study Area

The Great Kwa River is one of the major tributaries of the
Cross River Estuary. It takes its course from the Oban Hills
in Aningeje, Cross River State, Nigeria which flows
southwards and discharges into the Cross River Estuary
around latitude 4°45" N and longitude 8°20 ' E [9]. The
lower reaches of the river drain the eastern coast of the
Calabar municipality, the capital of Cross River State of
Nigeria. The study was conducted in four sampling stations
(Fig. 1) including: Esuk Atu (station 1), Obufa Esuk (station
2), Esuk Anantigha (station 3) and Esuk Abitu (station 4).

Figure 1: Map of the study area (Great Kwa River) showing
the four sampling stations including Esuk Atu (station 1),
Obufa Esuk (station 2), Esuk Anantigha (station 3) and Esuk

Abitu (station 4)

2.2 Sampling and Zooplankton Analysis

The four sampling stations were sampled twice monthly
between May and October, 2012 for zooplankton. Sampling
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was carried out between 0700 and 1100hrs starting from
Esuk Atu (station 1), Obufa Esuk (station 2), Esuk
Anantigha (station 3) and Esuk Abitu (station 4) in that
order. Quantitative zooplankton samples were collected by
filtering 100 litres of water fetched with a rubber bucket
through a 55 pm mesh standard plankton hydrobios net [11].
Zooplanktons were preserved in 4% buffered formalin
solution before transporting them to Fisheries and
Agquaculture Laboratory, University of Calabar for
zooplankton analysis. In the laboratory, quantitative sample
from the four stations were concentrated to 10 ml. From the
10 ml, 1 ml from each sample was taken and all individual
taxa present were counted. Specimens were sorted, counted
using Zeiss binocular microscope at different magnifications
(X40, X100 and X400) and identified using relevant
literatures [12], [13], [14], [15], [16], [17].

2.3 Species composition (%):

Species composition (%) was calculated as follows:
% SC =n (100)/N

Where;

n = the total number of zooplankton species in each
taxonomic group.

N = the total number of zooplankton species in all taxonomic
group.

2.4 Relative abundance (%):

Relative abundance (%) was calculated as follows:
% RA = n (100)/N

Where;

n = the total number of individuals in each zooplankton
taxonomic group.

N = the total number of individuals in the entire zooplankton
taxonomic group.

2.5 Frequency of occurrence (FO)

Frequency of occurrence (FO) of zooplankton species was
evaluated using occurrence constancy index which is based
on a four-degree scale: absolute constant species (AS) - >
75%, constant species (S) — 51 -75%, absolute species (A) —
26 — 50% and accidental species (P) - < 25%.

2.6 Z ooplankton ecol ogical i ndices i n the Great Kw a
River

Ecological indices of zooplanktons in the Great Kwa river
was determined using margalef’s index (D) Shannon-weiner
index (H), Evenness (E) and Simpson indices according to
[18] as follows:

2.6.1 Margalef’s Index (d)
Margalef’s Index (d) is given as:
d=S-1/In(N)

Where S is the total number of species, In the Natural log
and N is the total number of individuals.

2.6.2 Shannon-weiner index (H)

Shannon-weiner index (H) is given as:

. Nlog N Y-, filog fi
N N

Where N is the total number of individual, fi is the number
of individuals in species and s is the total number of species.

2.6.3 Evenness (E)

Evenness (E) is given as:

H
E =
log S

Where H is Shannon-weiner index and S is the total number
of species.

2.6.4 Simpson index (D)

Simpson index (D) is given as:

ni(ni — 1)

D=2 v - D

s
i=1
3. Results

3.1 Zooplankton Species Composition in the Great Kw a
River

A total of forty-four (44) species of zooplankton belonging
to seven (7) taxonomic groups were recorded during the six -
month sampling period of the study (Table 1). The groups
Heterodonta and Salpida were represented by one species
consisting of 2.27% composition by species (Table 2),
followed by Chaetognatha and Decapoda represented by two
species consisting of 4.55% species by composition. This
was followed by Rotifera represented by seven species
(15.91%), eleven species of Cladocera (25.0%) and twenty
species of Copepoda (45.45%). Total number of species in
the study area in relation to sampling station (Table 3) was
highest in Esuk Atu with 34 species (27.2%), followed by 33
species in Anantigha station (26.45), followed by 32 species
in Obufa Esuk station (25.6%) and lowest in Abitu station
with 26 species (20.8%).
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3.2 Zooplankton species diversity indices

In the present study, species diversity and richness (Table 4)
was noted to be high in the four sampling stations. Margalef
index (D) ranged from4.36 (Abitu station) to 5.65 (Esuk
Atu), Shannon-weiner index (H) ranged from 2.87 (Abitu
station) to 3.12 (Anantigha station), Evenness (E) ranged
from 0.63 (Esuk Atu) to 0.68 (Abitu and Anantigha station).
Simpson index ranged from 0.93 (Abitu station) to 0.94
(Obufa Esuk, Esuk Atu and Anantigha station).

4. Discussions

According to [19], zooplankton stability in any aquatic body
of water is of profound importance because they represent
important and sometimes unique food source for fish and
many aquatic vertebrates. In this study, a total of 1463
individuals were observed in the four sampling stations
during the six-month sampling period (465 from Obufa Esuk
station, 344 from Anantigha station, 345 from Esuk Atu
station and 309 from Abitu station). A total of forty-four
species of zooplankton belonging to seven (7) taxonomic
groups indicates high species diversity in the study area. The
taxonomic groups noted in this study include: Heterodonta,
Salpida, Chaetognatha, Decapoda, Rotifera, Cladocera and
Copepoda. Species composition (%) was found to be highest
in Copepod (45.45%) with relative abundance of 64.52%,
followed by Cladocera (25.0%) with relative abundance of
29.46% and lowest in Heterodonta and Salpida (2.27%) with
relative abundance of 0.21% and 0.34%. The dominance of
Cladocera and Copepoda observed in this study agrees with
the report of [20] from Schelde estuary in Belgium that
Cyclopoed copepods and several Cladocerans dominated the
freshwater and lower brackish water transect of the estuaries.
Also, this findings supports [21] who reported Cladocera and
Copepoda dominance in Calabar River. According to [22],
Copepod  Crustraceans are free-living filter feeder
zooplankton and this account for their use in bio-monitoring
of pollution. In this study, a total of 44 species of
zooplankton were recorded in the four sampling stations.
This result is higher than the reported 10 species of
zooplankton by [23] from Num River, 28 species of
zooplankton by [21] from Calabar River, 24 species reported
by [24] from Imo River all in the Niger Delta but lower than
66 species reported by [6] in the lower Cross river estuary,
Nigeria. Number of species in relation to sampling station
recorded in this study was highest in Esuk Atu with 34
species (27.2%), followed by 33 species in Anantigha station
(26.45), followed by 32 species in Obufa Esuk station
(25.6%) and lowest in Abitu station with 26 species (20.8%).
According to [18], diversity indices employed in ecological
studies take into account the total number of species
encountered in the sample, expressed as richness and the
how the species abundances are distributed among the
species (evenness). In the present study, species diversity
indices of the four sampling stations are relatively high
considering the small number of samples taken. The
relatively high species diversity and the dominance of
Copepoda and Cladocera in the four sampling stations are
common to similar water bodies in Nigeria [21]. Range
obtained for species diversity indices such as Margalef index
(D), Shannon-Weiner index (H), Evenness (E) and Simpson
index in this study is similar to findings of [6] but lower than

range obtained by [25] who reported Shannon-Weiner range
of 3.65 - 3.66 in a Nigerian forest river. Also, Evenness (E)
obtained in this study is also lower than 0.99 - 0.993
reported by [25] in a Nigerian forest river. Frequency of
occurrence in terms evaluated in terms of occurrence
constancy in the present study showed that only Cladocera
and Copepoda had absolute constant species (AS). Cladocera
had three absolute constant species (D. magna, D. pulex and
D. rosea) whereas Copepoda had seven had absolute
constant species (C. calanus,_C. fimnarchicus, D. gracilus,
E. autifrons, E. elongatus, P. parvus and P. elongatus).

4.1 Conclusion

In conclusion, this study recorded a total of 44 zooplankton
species belonging to 7 taxonomic group in the following
order of dominance: Copepods > Cladocerans > Rotifers >
Decapods > Chagtognathans > Salpidans > Heterodontans.
The composition of zooplanktons in the four sampling
stations was similar, however with some variations. These
findings indicate the unpolluted nature of the Great Kwa
River and also provide useful information on the
composition and ecology of zooplankton species which
could be potentially used as bio-indicators to monitor water
quality in the Great Kwa River.

Table 1: Species composition and occurrence constancy of
zooplankton in the Great Kwa River in relation to sampling
stations, Frequency of occurrence of a particular species on a
four-degree scale: absolute constant species (AS)- > 75%,
constant species (S) — 51 -75%, absolute species (A) — 26 —
50% and accidental species (P) - < 25%. No. of sampling (n)
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Taxa Zooplankton species Esuk_Atu Obufa_ Anant_igha Abi.tu
Station | Esuk station| Station | Station

ChaetognathdSagita elegans P P
Sagitta serratodentata - P

Cladocera [Bosmina longirostris P P P P
Conchoecia elegans P - - -
Daphnia ambigua A S P P
D. hyaline P S A P
D. magna AS AS A AS
D. pulex AS AS AS S
D. rosea P AS A S
E. nordmanni P S P P
Eradne spinifera P A A A
Philomedes globosa - P -
Podon polyphemides P P

Copepoda  [Cyclops strenunous P P P
C. vicinus P -
Calanoides carinatus P P P P
Calanus calanus AS AS AS AS
C. finmarchicus A AS S AS
Cyclopina longicornis A S S P
Diaptomus gracilis AS AS AS AS
Enterpira acutifrons A S AS A
Eucalanus elongates AS AS AS AS
Euchaeta marina P P P P
Eurytemora P
Limnocalanus P
Miracia effereta P - -
Metridia lucens p
Oithona halgolandica P P P P
Parapontella P P P P
Pseudodiaptomus A A P P
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Paracalanus parvus AS AS AS A
Pseudocalanus AS AS AS AS
Temona stylifera P - - -
Decapoda |Caridion gordoni P P
Pasiphaea tarda - - - P-
Heterodonta |Tellina fibula P P - -
Rotifera Asplancha girodi P P S P
A. Pridonta S
Conochilus unicornis P P -
Keratella longispina - - - P
K. quadrata P P S P
K cochlearis S P
Squatinella rustrum P S
Salpida Salpa democratic P P P

Table 2: Number of species, species composition (%) and
relative abundance (%) of zooplankton taxonomic group in
Great Kwa River

Taxonomic group | Total No. Species %Rel.
of species | composition (%) | abundance
Chaetognatha 2 4.55 0.27
Cladocera 11 25.00 29.46
Copepoda 20 45.45 64.52
Decapoda 2 4.55 0.62
Heterodonta 1 2.27 0.21
Rotifera 7 15.91 4.58
Salpida 1 2.27 0.34
Total 44 100.00 100.00

Table 3: Number of species, species composition (%) and
relative abundance (%) of zooplankton in the Great Kwa
River in relation to sampling stations

Station Taxonomic |Total No. of | Species % Rel.
group species  [composition | abundance
(%)

Obufa [Chaetognatha 2 6.25 0.64
Esuk  [Cladocera 8 25 30.97
Station  [Copepoda 16 50 63.01
Decapoda 1 3.125 0.65
Heterodonta 1 3.125 0.43
Rotifera 3 9.375 4.09
Salpida 1 3.125 0.21

Total 32 100 100

l/Anantigha |Chaetognatha 0 0 0
Station |Cladocera 10 30.3 28.49
Copepoda 17 51.52 65.12

Decapoda 0 0 0

Heterodonta 0 0 0
Rotifera 5 15.15 5.81
Salpida 1 3.03 0.58

Total 33 100 100

Esuk Atu |Chaetognatha 1 2.94 0.29
Station |Cladocera 10 29.41 29.56
Copepoda 16 47.06 64.06
Decapoda 1 2.94 1.16
Heterodonta 1 2.94 0.29
Rotifera 4 11.77 4.06
Salpida 1 2.94 0.58

Total 34 100 100

Abitu  |Chaetognatha 0 0 0
Station |Cladocera 8 30.77 28.15
Copepoda 13 50 66.67
Decapoda 1 3.85 0.65

Heterodonta 0 0 0
Rotifera 4 15.38 4.53

Salpida 0 0 0

Total 26 100 100

Table 4: Species diversity indices of zooplankton taxonomic
group in the Great Kwa River in relation to sampling stations

Sampling stations

Esuk | Obufa | Anantigha| Abitu
Atu Esuk

Taxa (S) 34 32 33 26

Individuals 345 465 344 309

Maralef index (D) 5.65 | 5.05 5.48 4.36

Shannon-weiner index (H)

3.06 | 3.05 3.12 2.87

Evenness (E) 0.63 | 0.66 0.68 0.68

Simpson index 094 094 0.94 0.93

References

(1]
(2]

(3]

[4]

[5]

(6]

[7]

(8]

[9]

P. Castro, M. E. Huber. “Marine Biology, McGraw-Hill,
New York”, p. 222, 2005.

Z. Ferdous, A. K. M. Muktadir. “A Review: Potentiality
of Zooplankton as Bioindicator”, American Journal of
Applied Science, 6 (10), pp. 1815-1819, 2009..

D. Guy. “The ecology of the fish pond ecosystem with
special reference to Africa”, Pergamon Press, pp. 220 —
230, 1992.

S. K. Mukhopadhy, B. Chattopadhyay, A. R. Goswami,
A. Chatterjee. “Spatial variations in zooplankton
diversity in waters contaminated with composite
effluents”, Journal of Limnology, 66(2), pp. 97-106,
2007.

G. A. Akin-oriola. “Zooplankton associations and
environmental factors in Ogunpa and Ona rivers,
Nigeria”, Revista De Biologia Tropical, 51(2), pp. 391-
398, 2003.

O. Ekwu, F. D. Sikoki 2005. Species composition and
distribution of zooplankton in the Lower Cross River
Estuary. African Journal of Applied Zoology and
Environmental Biology, 7, pp. 5-10, 2005.

R. B. Ikomi, E. D. Anyanwu. “Zooplankton of Ogba
River, Benin City, Nigeria”, Bioscience Research
Communications, 22(5), pp. 255-258, 2010.

B. O. Offem, Y. A. Samsons,, I. T. Omoniyi, G. U. Ikpi
“Dynamics of the limnological features and diversity of
zooplankton populations of the Cross River System SE
Nigeria”. Knowledge and Management of Aquatic
Ecosystem, 2: pp 393, 2009.

E. R. Akpan. “Influence of meteorology and
hydrographic factors on the water quality of the Calabar
River, Nigeria”, Tropical Journal of Environmental
Research, 2 (1&2), pp. 107-111, 2000.

[10]E. R. Akpan, J. O. Offem, A. E. Nya. “Baseline

ecological studies of the Great Kwa River, Nigeria 1:
Physicochemical  studies”,  African Journal of
Environmental Pollution and Health, 1 (1), pp. 83-90,
2002.

[11]C. Onyema, C. U. Okpara, C. I. Ogbebor, O. Otudeko,

D. I. Nwankwo, “Comparative studies of the water
chemistry  characteristics and temporal plankton
variations at two polluted sites along the Lagos lagoon,
Nigeria”. Ecology, Environment and Conservation,
13(1), 1-12, 2007.

[12]R. B. Alfred, S. Bricice, M. L. Isaac, R. G. Michael, M.

Rajendran, J. P. Royan, V. Sumitra, J. Wycliffe. “A
guide to the study of freshwater organisms”, Journal of

VYolume 2 Issue 10, October 2013

Paper ID: 18091305

WWW.ijsr.net

70



International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064

Madras University, Supplementary 1, pp. 103-151,
1973.

[13] Adoni, D. G. Joshi, K. Gosh, S. K. Chourasia, A. K.
Vaishya, M. Yadav, H. G. Verma. “A work book on
limnology, (Pratibha Publisher) Sagar”, 1985.

[14]G. E. Newell, R. C. Newell. “Marine Plankton: A
practical guide. Revised Edition. Hutchinson, London”,
pp. 225, 1966.

[15]T. O. T. Imoobe. “Crustacean of Jamieson River
Nigeria. Phd thesis, University of Benin Benin city,
Nigeria”, pp. 155, 1997.

[16] V. Korinek. “A Guide to Limnetic Species of Cladocera
of African Inland Waters (Crustacea, Branchiopoda)”,
Occasional Publication No. 1, The International
Association of Theoretical and Applied Limnology,
BTL, Geneva, 1999.

[L7]N. N. Smirnov. “Fauna of the USSR, Crustacea,
Chydoridae,” Academy of Sciences of the USSR
(English translation, Israel Program of Scientific
Translation, Jerusalem), 1(2), pp. 644, 1974,

[18]E. Ogbeigbu. “Biostatistics; A practical approach to
Research and data handling”, Minex publishing
Company Limited, Benin City Nigeria, pp 153 -155,
2005.

[19]S. N. Ochang, E. O. Ayotunde, I. B. Okey “Some
aspects of the physico-chemical and biological
properties of Cross River, an inland water body in
South-Eastern Nigeria”. Global Journal of Agricultural
Science, 4, pp. 139-148, 2005.

[20]M. L. M. Tackx, N. D. Paum, R. V. Mieghem, F.
Azemar, A. Hamouti, S.V. Damme, N. Fiers, P. Meire.
“Zooplankton in the schelde estuary belgium and the
netherlands spatial and temporal patterns”, Journal of
Plankton Research., 26(2), pp. 133-141, 2004.

[21]1K. A. Okorafor, A. B. Andem, D. A. Mowang, U. U.
Akpan. “Diversity and spatial distribution of
zooplankton in the intertidal regions of Calabar River,
Cross River State, Nigeria”, Advances in Applied
Science Research, 4(4), pp. 224 — 231, 2013.

[22]G. Kibria, P. Nugeogoda, R. Fairolough, A. Bradly.
“Zooplankton; its biochemistry and significance in
aquaculture”, Naga (Iclann Quarterly.), 20, pp. 8-14,
1997.

[23]F. Yakubu, F. D. Sikoki, J. F. N. Abowei, S. A. Hart, “A
comparative study of phytoplankton communities of
some rivers creeks and borrow pits in the Niger Delta
Area”. Journal of Applied Science, Environment and
Management, 4(2), pp- 41-46, 2000.

[24]N. Zabbey, F. D. Sikoki, J. Erondu. “Plankton
assemblages and environmental gradients in the middle
reach of the Imo River, Niger Delta, Nigeria”. African
Journal of Aquatic Science, 33(2), pp. 241-248, 2008.

[25]T. O. T. Imoobe, M. L. Adeyinka. “Zooplankton-based
assessment of the trophic state of a tropical forest river”,
International Journal of Fisheries and Aquaculture,
2(2), pp. 064-070, 2010.

Author Profile

Eyo, Victor Os car received the B.Sc. (2') and M.Sc.
degrees in Fisheries and Aquaculture from University
of Calabar, Nigeria in 2010 and 2013, respectively. He
| "7 | also obtained a National Diploma in Science
[ Laboratory Technology (ND-SLT, Upper Credit) from
Akwa Ibom State Polytechnic, kot Osurua, Nigeria in 2004. He
loves Researching in Fisheries and Aquaculture and has published
several peer reviewed articles in Fisheries and Aquaculture.
Presently, he is working with Dr. Albert Philip Ekanem, an
Associate Professor of Aquatic Pathology in the Fisheries and
Aquaculture Laboratory, Institute of Oceanography, University of
Calabar, Nigeria. His zeal to expand his horizon in aquaculture
research has catalyzed his application for a Ph. D programme in
Fisheries and Agquaculture. He is hard working and has been
studying both Ecto and Endo-parasites of food fishes in the Cross
River Estuary with Associate Professor Albert Philip Ekanem for
more than three years now.

Andem, Ande m Basse y is a Lecturer in the Department of
Zoology and Environmental Biology, University Of Calabar,
P.M.B.1115 Calabar, Cross River State, Nigeria.

Ekpo, Paul Bassey is a technologist working in the Department of
Genetics and Biotechnology, University Of Calabar, P.M.B.1115
Calabar, Cross River State, Nigeria.

VYolume 2 Issue 10, October 2013

Paper ID: 18091305

WWW.ijsr.net

71





