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Okerenkoko Estuary (OE - 62.79 Km) plays very crucial roles to its surrounding communities. But in recent times,
its fauna abundance has been impaired due to anthropogenic activities. Studies on OE fauna abundance are limited.
Hence, this study was under taken to investigate OE Zooplankton community abundance. The OE was spatially
stratified into five stations (Z 1 — Z 5) based on proximity to major anthropogenic sources. In each station, three
sampling points were randomly selected.Water and zooplankton samples were collected monthly for 12 months in
wet (March — October) and dry (November — February) Seasons according to standard methods. Water samples
were analysed for Temperature (°C)and Dissolved Oxygen (DO, mg/L), while Zooplankton were identified to
species level by using standard keys. Abundance (%) was calculated according to standard method. Data were
analysed by using descriptive statistics and ANOVA at 00.05. Spatially, Temperature ranged from 24.45+1.67) to
31.86%2.12 in Z 1 and Z 5, highest (29.50+2.65) and least 26.80+5.87 were obtained in dry and wet seasons,
respectively. Highest (6.12+1.03) and least (3.97+0.24) of DO occurred in Z 5 and Z 3, it ranged from 3.85+0.43 to
4.80+0.41wet and dry seasons, respectively. A total individual number of 258zooplankton belonging to 8 orders 7
families and 12 species were identified. Brachionus caudatus and Calanus sp. recorded the highest 54 (20.9 %) and
least 3 (1.2 %) zooplankton species abundance. Spatially, Shannon recorded 2.51 and 1.01 as highest and least in Z
2 and Z 5, Margalef ranged from 1.19 to 2.72 in Z 5 and Z 4. Temporally, Shannon ranged from 1.5 to 1.68;
Margalef (1.81, 2.02) in wet and dry seasons, respectively. Zooplankton species abundance and diversity of
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Abstract
Okerenkoko Estuary could be under stress.
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Introduction

The zooplankton community is an essential component of the
aquatic food chain because it acts as intermediary
species,serves as intermediary food component between
phytoplankton and fishes (Ewutanure and Olaifa, 2020). In
surface water, plankton exhibit significant roles in fish foods
production to man and in the determination of pollution status
of the aquatic environment (Kwen et al. 2019). Zooplankton
help in energy transfer from primary producers (planktonic
algae) to larger invertebrate predators (Hesperocorixa
castanea, Gerris remiges Ephemerella doris) and fish that
eventually feed on them (Ukaonu et al.2015).

The appearance of the developmental stages and matured
species of zooplankton could serve asindicators of availability
of food for fish survival and growth (Ukaonu et al. 2015). and
the ability of such an aquatic ecosystem to support its flora and
fauna species (Ovie et al. 2015). Zooplankton feed on
phytoplankton (primary producers) and organic matter in
water, hence infusing an essential role in the aquatic trophic
level relationship (Kigbu et al. 2015).

Zooplankton abundance are useful indicators of water quality
parameters and fish health(Ewutanure and Olaifa, 2020). The
biological status of an aquatic system can be assessed using
some indices like species composition, abundance, distribution
and diversity of plankton (Ekwu and Udo, 2013). According to
Ezekiel et al., (2011) zooplankton control algae and microbial
productivity of surface water ecosystem through their foraging
capability thereby transferring productivity to fishes and other
aquatic fauna species.

Zooplankton move from deeper strata of surface water to the
surface at night and at dawn in response to sunlight and in
search for foods (Ewutanure et al. 2022a &b). The abundance
and diversity of zooplankton species of a water body could be
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altered by the concentrations dynamics of its physico —
chemical parameters and river flow rate (Kwen et al. 2012).

It has been reported that there is close link between
zooplankton species diversity and water qualities parameters
of surface waters (Nwoji et al. 2010). Several studies have
been carried out on the zooplankton compositions, abundance
and species diversity of various water bodies in
Nigeria(Ewutanure and Olaifa, 2020; Kwen et al. 2019; Kigbu
et al. 2015; Ukaonu et al. 2015; Ekwu and Udo, 2013; Ezekiel
et al. 2011; Ekwu and Sikoki, 2005), but there is dearth of
information on the zooplankton community and species
diversity of Okerenkoko Estuary, Niger Delta, Nigeria. This
study therefore aimed at providing required information on the
abundance and species diversity of zooplankton of community
of Okerenkoko Estuary for the assessment and management of
its productivity and aquatic living resources.

Materials and methods

Description, climate and vegetation of the study area
Okerenkoko Estuary (Figure 1) with a total length and mean
depth of 62.79 Km and 35 m is located on latitudes 5°30'0"N
and 5°50'0"N of the Equator and Longitudes 5°10'0” E and
5°40'0" E of the Greenwich meridian(Ewutanure et al.
2022a).The study area has its source from the Eschravos River
located in the Niger Delta Region of Nigeria (Ewutanure and
Olaifa, 2021a). The Okerenkoko Estuary is severely impacted
by the effluents emanating from the anthropogenic activities of
oil and gas industries situated within it (Ewutanure and Olaifa,
2018).

The major seasons associated with the study area are the wet
(March — October) and dry (November — February) seasons
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(Ewutanure et al. 2022b).The climate of the study area is
controlled by the South — West monsoon wind from the
Atlantic Ocean and the North — East trade wind from the
Sahara Desert. Both wind types are responsible for wet and
dry seasons, respectively (Ewutanure and Olaifa, 2018).
Okerenkoko Estuary is located in a mangrove swamp forest
with alluvials soil type (Ewutanure and Olaifa, 2021c;
Ewutanure and Binyotubo, 2021a). Mean annual rainfall and
temperature of the study area were 2869.7 mm
and29.3°C(Ewutanure and Olaifa, 2021b). The major species
of mangrove identified were the Rhizophora racemose (red)
and Avicennia africana (white),while the major occupation of
the Okerenkoko inhabitants is fishing with the aid of hook —
line, gill net, lift net and beach seine net (Ewutanure and
Binyotubo, 2021). Oil wells and flow stations operated by
Chevron Nigeria Limited are in multiple locations within the
estuary.

Sampling techniques

Okerenkoko Estuary was spatially stratified into five stations
(21, z2, 73, Z4 and Z5) based on proximity to key
anthropogenic activities. The exact locations of all sampling
stations were determined byusing Garmin GPSMAP eTrex 10
type sensors. Three sampling points per station were randomly
selected to ensure that there are replicates, while temporal
stratification covered wet (March — October) and dry
(November — February) seasons (Ewutanure et al. 2022a).

Determination of physico — chemical parameters

Collection of water samples for the evaluation of physical
chemical parameters wasdone monthly for station for 12
months (June, 2021 to May, 2022) and analyzed by following

standard methods (APHA, 1992).

Figure 1. Map of Okerenkoko Estuary, Delta State, Nigeria
Source: Ewutanureet al. (2021a)

Collection and analysis of zooplankton samples

Horizontal hauling method was adopted for zooplankton
samples collection for 3 minutes by using 0.2 mm mesh size
net at a depth of 0 — 15 cm (Jeje and Fernado, 1986) in towing
boat. Collected samples were fixed and preserved in 5%
formalin within the recommended time of 5 minutes after
collectionto avoid damage to animal tissue by microbial action
and autolysis. Samples were labeled, dated and taken to the
laboratory for further analysis and identification.

About 50 mL of the water sample containing the zooplankton
samples was introduced into a plastic conical centrifuge tube
in the laboratory (Gupta, 2001). The mixture was allowed to
sit undisturbed in a dark cupboard for four days. Thereafter, 40
mL of the supernatant was carefully decanted leaving 10 mL
of the concentrated sample. About 1 mL of the concentrated
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sample was then pipetted into the Sedgwick — Rafter counting
chamber of the Microscope, while the glass cover was gently
adjusted over the chamber without forming air bubbles. Later,
the counting chamber was placed in its position in the
microscope.

A magnification of X 400 was chosen. Counting and
identification of zooplankton seen within the ocular
micrometer grid was done, while direct enumeration method
was used for the identification of zooplankton as described by
Lynne, (2006). Zooplankton were identified to species levels
by using standard keys such as Jeje and Fernando, (1986);
Lynne, 2006; Bouchard, (2004).Calculation was done using
this formula:

1,000,000 x volume of concenérate {mL)

Kumber of zooplankton per mL = (T) ———
) " AxNxvolume of sample (ml)

Where:

T = total number of plankters; A = area of grid in square

millimeters; Number of grids used and 1000 = area of counting

chamber in square millimeters

Results and Discussion

Physico — chemical parameters

Results of physical and chemical parameters of Okerenkoko
Estuary among stations and betweenseasons are presented in
Tables 1 and 2, respectively. Mean Temperature obtained were
within the recorded range (25 — 32 °C) for fish growth (Boyd,
1979) in Z1. Lower level recorded in Z1 could be attributed to
higher level of rainfall and surface run — off.

Higher surface water temperature recorded in Z5 as compared
with the other stations could be associated with itsnearness to
gas flaring station that heats up the water temperature. Results
from this study are in consonance with earlier findings on
Okerenkoko Estuary by Ewutanure et al. (2022a); Ewutanure
et al. (2022b); Ewutanure and Binyotubo, (2021); Ewutanure
and Olaifa, (2021) and with the results from other water bodies
within the Niger Delta Region bySeiyaboh et al. (2016);
Ewutanure and Olaifa, (2018); Seiyaboh et al. (2016) and
Abowei, (2012). The result obtained in Z 5 as compared with
other stations showed that anthropogenic activities (gas flaring
and oil exploration) could negatively impact surface water and
its biota (Ajuonuet al. 2011).

Little deviation in Salinity concentration obtained recorded
during this study could be attributable to tidal action, rainfall
and dilution effects from storm water run — off (Ewutanure et
al. 2022b). Decrease rainfall, high temperature and increase
evaporation could raise the Salinity level of water bodies
(Ewutanure and Olaif, 2021c). Results from this study showed
that the salinity of Okerenkoko Estuarine oscillates between
mesohaline (5 — 18 %) and hypherhaline (18 — 50 %o)
(Ewutanure et al. 2022b).

Concentrations of electrical conductivity (EC) recorded among
stations and between seasons were less than the established
limits of 50 - 500 pS/cm (Boyd, 1979; ASTM, 2006). The low
concentration recorded could be as a result of dilution effect
from the surrounding freshwater sources (Ampon and Taeng-
On 2014). The level of dissolved salt content could also
influence EC level in inland waters (Abowei, 2012).

Dissolved oxygen concentration was highest in Z2 compared
with other stations and season. This result is in agreement with
Ewutanure and Olaifa, (2021a); Ewutanure andOlaifa,
(2018a); Abowei, (2010); Boyd, (1979). Increased degradation
of organic matter andtotal suspended solids associated from
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increase level of surface run — off could cause areduction in
DO level (Ewutanure and Olaifa, 2021b). Low levels of DO
recorded in Z 3 andin Wet Season could be attributed to
increased anthropogenic activities. It has been reportedthat a
decline in DO concentration could inhibits fish eggs
hatchability, fry survival and theabundance of a fish stock
(Ewutanure and Binyotubo, 2021c).

Generally, higher concentration of total suspended solids
(TSS) than the recommended levels of 10 mg.L-1(Boyd, 1979)
and 30mg/L (FEPA, 1991) were obtained among stations and
between wet and dry seasons. Higher concentration of TSS in
surface water could impair light penetration within the photic
zone thereby causing low production reduction in its fishery
abundance (Seiyaboh et al. 2016; Ekwu and Sikoki, 2006).

Higher levels of TSS concentration than recommended limits
could cause clogging in fish gill, mortality of hatchlings and
fry (Seiyaboh et al. 2013). This could lead to instability in fish
stock abundance (Adeleke and Babalola, 2014). Result from
this study agrees with those obtained from Gbalegbe River
(Ewutanure and Olaifa, 2021b).

Concentration of pH obtained in Okerenkoko Estuary varies
slightly. This is a common phenomenon in tidal brackish water
environment (Ewutanure and Olaifa, 2021c). With the
exception of Z4 and dry season, pH levels obtained were
within the recommended limit by Boyd, (1979). The relatively
lower level of pH obtained in Z4 could be attributable to the
decay of anthropogenic wastes upstream (Ogamba et al. 2015).

Table 1. Mean physico — chemical parameters of Okerenkoko Estuary among stations

Stations
Parameters Z1 Z2 Z3 Z4 Z5
Temp ((°C) 24.85+1.66° 30.50+3.982 29.5+2.918 27.34+1.98° 31.86+2.122
Salinity (%o) 18.99+0.77° 18.57+0.35P 21.3741.132 18.45+0.17° 20.56+3.232
DO (mg.L?) 5.45+0.072 6.05+0.262 3.97+0.24b 4.34+0.98P 6.12+1.03?
TSS (mg.LY) 45.87+6.98¢ 41.54+1.7¢ 60.86+1.33° 70.17+3.92 59.89+3.23P
EC (uScm™) 58.27+2.65? 49.93+2.09° 50.09+5.91° 46.67+3.55°¢ 65.4+6.98?
pH 7.26+0.782 6.98+0.932 7.11+0.672 5.83+0.89° 6.97+£1.292

Source: Ewutanure et al. 2022b
Note: Z1 — Z5 = Stations 1 to 5.

Table 2. Mean physico — chemical parameters among stations in Okerenkoko Estuary between wet and dry seasons

Physico-chemical Wet season Dry season P —values Boyd,

Parameters (1979)&Whitfield et al.
(1981)

Temperature (°C) 26.80+5.87 29.50+2.65 0.11** 25-32

Salinity (%o) 17.95+0.88 21.76+0.71 0.08** 0-90

DO (mg.L?) 3.85+0.43 4.80+0.41 0.77** 5-10

TSS (mg.LY) 75.05+0.64 50.76+4.97 0.62* <10

EC (uScm™) 39.98+1.49 59.92+1.11 0.76** 50 - 500

pH 7.90+0.23 6.30+0.75 0.45** 6.5-8.9

Source:Ewutanure et al. 2022b

Note: * = There are significant differences (p<0.05) between means along rows;
** = There are no significant differences (p>0.05) between means along rows

Composition, distribution and abundance of zooplankton
species

The composition, distribution and abundance of zooplankton
species among stations and between wet and dry seasons are
shown in Tables 3 and 4. The total individual number of
zooplankton recorded during the study was 258, comprising 8
orders, 7 families and 12 species. Highest 85 (32.9 %) and
least 23 (8.9 %) individual number of zooplankton were
recorded in Z 2 and Z 5, while Z 5 recorded 63 (24.45 %).
Spatially, Branchianus caudatus 54 (20.9 %) and Calanus sp.
3(1.2 %) were recorded as highest and least. Branchianus
caudatus 30 (11.6 %) and Alona davidi 11 (4.3 %) were
obtained as highest and least during wet and dry seasons,
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respectively. Individual species number of zooplankton
recorded in this study were more than the 37 recorded for
Taylor Creek, Bayelsa State (Kwen et al. 2010) but less than
that recorded for Gbalegbe River, 1071 (Ewutanure and
Olaifa, 2020).

Higher zooplankton species diversity recorded than in other
water bodies within the Niger Delta during the study could be
associated with Okerenkoko Estuary close proximity to the
open seas which give rise to diadromous migration of various
species of zooplankton and constant mixing of the Estuary
with the Atlantic Ocean(Onuoha et al. 2010; Offem et al.
2014).
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Table 3. Abundance and distribution of zooplankton species in Okerenkoko Estuarine among Stations
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Stations
Families Species 71 72 73 74 75 Total %
Abundance

Cyclopoidae Cyclops sp. 1 3 0 5 9 18 7.0
Calanidae Calanussp. 0 3 0 0 0 3 1.2

Dphnia magha 3 1 5 1 0 10 3.9

Cyclotellastriata 0 0 5 8 2 15 5.8
Diaptomidae Diaptomussp. 0 0 1 3 4 8 3.1
Harpacticoidae Harpacticoid copepod 12 5 2 0 1 20 7.8
Chydoridae Chydorussp. 1 4 23 1 0 29 11.2
Chydoridae Alona davidi 5 7 3 1 17 6.6

Bosminalongirostris 4 10 0 4 1 19 7.4
Chydoridae Alonamonacantha 32 2 1 5 0 40 15.5
Brachioniidae Brachionuscaudatus 43 0 5 1 54 20.9
Moinidae Moinamicrura 9 8 0 4 25 9.7

Total 63 85 52 35

% Abundance 24.4 329 20.2 13.6 8.9

Note: Z1 — Z5 = Stations 1 to 5.

Table 4. Abundance and distribution of zooplankton species in Okerenkoko Estuary between wet and dry seasons

Wet % Abundance  Dry % Abundance

Families Species season season
Cyclopoidae Cyclops sp. 11 4.3 7 2.7
Calanidae Calanussp. 0.8 1 0.4

Dphnia magna 4 1.6 6 2.3

Cyclotellastriata 3.5 6 2.3
Diaptomidae Diaptomussp. 5 1.9 3 1.2
Harpacticoidae Harpacticoid copepod 14 5.4 6 2.3
Chydoridae Chydorussp. 16 6.2 13 5.0
Chydoridae Alona davidi 6 2.3 11 4.3

Bosminalongirostris 12 4.7 7 2.7
Chydoridae Alonamonacantha 17 6.6 23 8.9
Brachioniidae Brachionuscaudatus 30 11.6 24 9.3
Moinidae Moinamicrura 16 6.2 9 35

Total 142 116

% Abundance 55.0 450

Diversity index obtained for zooplankton of Okerenkoko Estuary among stations and between wet and dry seasons are presented in
Tables 9 and 10, respectively. Dominance ranged from 0.17 to 0.64 in Z2 and Z 5; Simpson (0.36, 0.83); Shannon (1.01, 2.51)in Z 5
and Z 2; Evenness (0.41, 0.91) in Z 1 and Z 3), while Margalef (1.19, 2.72), respectively. Seasonally, highest (0.73) and least (0.34)
Dominance and Evenness (0.61, 0.56) occurred during wet and dry seasons, while Simpson (1 — D) ranged from 0.27 to 0.51; Shannon

(1.51, 1.68) and Margalef (1.81, 2.02) in wet and dry seasons, respectively.
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Table 5. Diversity indices of zooplankton species of Okerenkoko Estuarine among stations

Parameters Z1 Z2 Z3 Z4 Z5

Individuals (N) 63 85 52 35 23

Dominance 0.33 0.17 0.37 0.51 0.64
Simpson (1-D) 0.67 0.83 0.63 0.49 0.36
Shannon (H) 2.14 2.51 2.31 1.89 1.01
Evenness (E) 0.41 0.71 0.91 0.46 0.73
Margalef 1.41 1.95 241 2.72 1.19

Note: Z1 — Z5 = Stations 1 to 5.

Table 6. Diversity indices of zooplankton species of Okerenkoko Estuarine between seasons

Parameters Wet season Dry season
Individuals (N) 142 116
Dominance 0.73 0.34
Simpson (1 - D) 0.27 0.51
Shannon (H) 151 1.68
Evenness (E) 0.61 0.56
Margalef 1.81 2.02

The main taxonomic groups of zooplankton recorded during
this study were Cyclopoida, Anomopoda, Harpacticoida,
Ploimida and Cladocera. Brachionus caudatus (Ploimida)
recorded the most abundant zooplankton species throughout
the duration of the study. The highest population of
zooplankton recorded at Z 5 during this study could be
attributed to minimal anthropogenic activities because of the
maintenance of some of the oil facilities around it and dilution
effect from storm water. It has been reported that Ploimida
shows good survival and flourish in relatively undisturbed
water condition (Ekwu and Udo, 2013; Ovie et al. 2015).

Conclusion

The abundance and diversity of zooplankton species could be
used as indicator of aquatic productivity and index of its fish
stock abundance (Davies et al. 2008). In most aquatic
ecosystems, Brachionus caudatus could be highly abundant
among the zooplankton community probably due to the
presence of food, conducive environment and high
reproductive ability (Dejen et al. 2004). The compositions and
distribution of zooplankton varies with regards to location and
seasons due to the dynamic of the aquatic ecology (Ewutanure
and Olaifa, 2020).

Variation in zooplankton diversity is very important to
research scientists in delineating water bodies (Ukaonu et al.
2015). The productivity and stability of any aquatic
ecosystems with respect to fish production is a function of the
quality and quantity of planktonic organisms present in it
(Ewutanure and Olaifa, 2020). Margalef indices > 3 indicate
clean water condition; < 1 indicates heavy pollution, while
values ranging from 1 — 3 indicate moderately polluted water
conditions (Popoola and Otalekor, 2011).

Inspite of the visible presence oil sleeks in the Estuary,the
range of Margalef indices obtainedindicated that Okerenkoko
Estuary is moderately polluted.This could be attributed to its
constant flow which reduces pollutant concentrations along its
course and downstream, respectively. It is therefore
recommended that, urgent management measures be taken to
ameliorate the decline in its quality and to preserve the
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diversity of its zooplankton community and other aquatic
organisms.
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