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ABSTRACT

The Olero creek Zooplankton was sampled in wet season from 13 stations across a conductivity
range of 150 ymhos to 8000 umhos. The abundance of Copepods, some Cladocerans (Daphnia
sp. and Ceriodaphna sp.) and Rotatoria did not vary together with conductivity in a correlation
analysis. Correlation was high (p<0.05) only among the Cilliata where abundance of Opecularia sp.
and Vorticella sp. were closely related to variations in conductivity values while Opisthostyla sp.
exhibited marginal correlation with values of conductivity. However, among Rotatoria abundance
variable for Brachionus sp., Euchlanis sp., Notholca sp. and Asplanchna sp. was not explained by
variations of single variable of conductivity. The occurrence of only three genera of Cladocera,
three genera of Cilliata and four genera of Rotatoria with relatively lower abundances than
Copepod group recorded, suggest in this tidal creek the non- significance of freshwater
Zooplankton. The diversity values were low ranging from 0.7 to 1.3 in addition to low evenness
ranging from 0.1 to 0.2 across all stations. Copepods dominated by 92% followed by Rotatoria 3%;
Cladocerans 1.2% and Cilliata 0.5%. The observed non-equilibrium in abundance of Copepods
with significant low numbers of Rotatoria, Cladocerans and Cilliata suggest biological interactions
that support ecological principles of a trophic cascade. The low numerical abundance of Ciliates
was in sharp contrast to their ubiquity, rapid reproductive rate and capacity to survive in extreme
environments, including adaption to anaerobic conditions. This fact provided surrogate information
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of a cascade effect and intraguild competition. The observed numerical relationship within trophic
levels shows that top-level consumers (copepods) were operating a top-down system driven by
predation and competition. The top-down cascading of this inverse correlation in numerical density
between copepods and other zooplankton should be included in directions of future research. A
more appropriate basis of cross system explanation of top down trophic cascades in many natural
systems is required for marine, estuaries and freshwater systems.

Keywords: Olero creek; zooplankton; trophic cascade; copepods.

1. INTRODUCTION

The productivity of any water body is determined
by amount of plankton it contains, as they are
major primary and secondary producers [1].
Among plankton, Zooplankton are important
components that provide feeding resources to
higher order consumers like macro crustaceans,
insects, and omnivorous fishes. They are
considered good indicators of trophic and
environmental status of water bodies because of
their sensitivity [2]. A knowledge of Zooplankton
community of any water body is therefore, not
only important in assessing its productivity but
would permit a better understanding of trophic
structure [3,4,5,6,7,8] and [9,10,11,12]. Many
early studies starting from nineteen hundreds
have shown that Zooplankton can be used to
indicate trophic status of a water body
[13,14,15,16] and [17,18,19,20]. Many studies
have also used relationship between Calanoids,
Cyclopoids, Cladocerans and in some cases
Rotatorians to classify systems as oligotrophic,
mesotrophic or eutrophic [21,22,23]. The
presence of Cyclopoids which are predators
have been shown to affect the abundance of
Calanoid copepods accounting for the increase
or decrease in Calanoid/Cyclopoid ratio reflecting
a trophic state at time of sampling effort
[24,25,26] and [27,28,29,30]. However, many of
these studies have carried out in freshwater
habitats with very little information on river
systems influenced by tidal movements, which
daily circulate  physical and  chemical
characteristics of marine and freshwater systems
affecting plankton distribution. The resultant
environmental and biological factors produce
organisms that have peculiar distributional
patterns and trophic relationships. The present
study therefore examines abundance quotient of
zooplankton community through a tidal cycle on
Olero creek, a tidal freshwater creek that
discharges into Benin River. The numerical
abundance of components of zooplankton was
used to adduce standing trophic status at
sampling time.

2. STUDY AREA

Olero creek is located off Benin river channel
approximately 16 kilometers from Atlantic Ocean.
Olero creek is approximately 41 kilometers long
and is bordered on both sides by a 500-meter
riparian corridor of mangrove vegetation and
freshwater swamp. The creek drains from its
northwest extensions by a myriad of creeklets
receiving waters from extensive freshwater
swamp forest. The conductivity values of the
creek ranged from 150 pmhos to 8000 pmhos.
The creek was flushed on both sides with
pipelines and associated activities of oil and gas
that maintain and sustain  operational
performance of an oil and gas company.

3. METHODS

The study was conducted during wet season
month of July in 2014. Subsurface water samples
(5 — 20 cm) were collected from thirteen stations
with aid of a two-liter plastic container in which
1ml of Lugol's solution was added. Samples
were collected during spring and neap tides at 5-
hour intervals. The samples were stored in dark
cool boxes and transported to laboratory. In
laboratory, samples were allowed to stand for 48
hours to settle before supernatant was carefully
pipetted to obtain a 50 ml concentrated sample.
One milliliter of properly homogenized sub-
sample was transferred on to a Sedgewick Rafter
counting chamber using a Stempel pipette. From
each sample, five replicates were evaluated by
identifying and enumerating organisms using a
Brunnel Microscope at 40x magnification and
with aid of a Plankton identification key.

Once identified and counted, population densities
were calculated and expressed as number of
individuals per liter of water.

3.1 Data Analysis

Data was analyzed using methods such as
mean, variance and coefficient of variation.
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Fig. 1. Olero creek study area with stations

An analysis of variance (ANOVA) together with
Student's t was further used to compare
differences among the class of zooplankton in
study area. A correlation matrix was applied to
test relationships between conductivity values
and abundance of four groups of zooplankton
and between dominant group Copepods and
Rotatoria, Cladocera and Ciliata. The diversity
and evenness indices were applied to test
assemblage health in study area. The diversity
indices used were Shannon Weiner (H) and
Margalef (Da) and Pielou’s evenness (E). The
two indices rely on different concepts to measure
diversity. The Shannon-Wiener Index heavily
relies on uncertainty. The indices were give
below as:

= -SUM[(pi) x In(pi)] SUM = summation pi
= proportion of total sample represented by
species

Where H' is Shannon Weiner diversity and S
is the total number of species in a sample,
across all samples in dataset.

Da = (S - 1)/log lo base e N

Where Da = Margalef index, S = number of
species and N = total number of individuals.

Evenness = E = H/Ln(S)

Pielou's or species evenness (E) refers how
close in number each species in an
environment. If E is close to 1.0, this means
that equitability is higher.

4. RESULTS

Tables 1 and 2 presents total Zooplankton
groups, individual counts per liter, and relative
composition in the stations of the study area.
Four groups namely Copepoda, Cladocera,
Ciliata and Rotatoria were identified with a total
of 13 species and 14,298 organisms. The
distribution among stations of Zooplankton
shown in Figs. 2 to 4. Total Zooplankton density
varied from 292 to 2366 indiv/l with significantly
lower values at stations 11, 12 and 13, which
were stations close to Benin River estuary. Fig. 2
shows no significant differences (t =1.9753 p
=0.05; g* = 3.3649 p= 0.05) in total abundances
between stations.
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Table 1. Total zooplankton, mean, standard deviation and coefficient of variation (CV)
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Fig. 2. One-way ANOVA analysis of zooplankton across stations



Table 2. Total individuals among zooplankton

Groups Zooplankton Total
individual
(individuals/l)
COPEPODA  Copepod nauplii 10196
COPEPODA  Calanoid copepod 2031
COPEPODA  Cyclopoid copepod 1370
CLADOCERA Daphnia sp. 106
CLADOCERA Bosmina sp. 61
CLADOCERA Ceriodaphnia sp. 9
CILIATA Opisthostyla sp. 1
CILIATA Vorticella sp. 63
CILIATA Operculariasp. 4
ROTATORIA  Asplanchna sp. 295
ROTATORIA  Branchionus sp. 117
ROTATORIA  Euchlanis sp. 40
ROTATORIA  Notholca sp. 5
Total 14298

Fig. 3 shows the abundance of the various
groups of Zooplankton throughout the stations.
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The most abundant group was the Calanoid
nauplii (Fig. 3) varying from 186 to 1843 indv/I.
The Calanoid copepod was significantly more
abundant in stations 1, 2 and 3 which were
stations located with inner sections of creek
away from estuary influence of main channel of
Benin River. Following Calanoid nauplii
copepods in abundance (Fig. 3) which varied
from 9 to 419 indv/l. Their abundance also
follows Copepod nauplii pattern being most
abundant in stations 1, 2 and 3. The abundance
of Cyclopoid copepods was also significant as
shown in Fig. 3. Their numbers were however
lower than the other copepods varying from 8 to
204 indv/l. The pattern of abundance contrasted
with those of Copepod nauplii and Calanoid
copepods with abundance highest between
stations 4 and 10 and significantly low between
stations 1 to 3.
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Fig. 3. Numerical abundance (indv/l) of copepod community among zooplankton



The Cladocerans abundance is shown in Fig. 4.
Daphnia sp. shows high abundance (varying
from 0 to 36 indv/l). The highest abundance
occurred in inner sections of creek in stations 1
to 3. Following in abundance was Bosmina sp.
with 0 to 23 indv/l. The abundance pattern
contrasts with Daphnia sp. abundance in stations
11 to 13 in outermost section of creek closest to
the influence of Benin River. The Ceriodaphnia
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sp. represented lowest abundance (0 to 4 indv/l)
and in contrast to Daphnia sp. and Bosmina sp.
occurred in central section of creek in stations 7,
8 and 10. Fig. 5 shows Cilliata abundance in
sampling stations. In this group Vorticella sp. was
most abundant (0-23 indv/l). Both Opisthostyla
sp. and Opercularia sp. had no significant
occurrence in numbers and station being only
observed in single stations.
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Fig. 6 presents occurrence of Rotatoria among
sampling stations. Asplanchna sp was most
abundant (1 to 48indv/l). Abundance was high at
inner section of creek in stations 1 and 2. In
middle sections of creek at stations 6, 7 and 8
and at outward section in station 11. The next in
abundance was Brachinous sp. with 0-21 indvl/l
density in middle sections of creek in stations 6,
7, 8 and 9 and in most outward section in station
13. The Euchlanis sp. was moderately abundant
(0—9 indv/I). Occurring mostly in middle section of
creek in stations 6 7 8 and 9. Low abundance
was observe for Notholca sp. (0 to 3 ind/l) which
occurred in stations 6 and 7.

Among four groups of Zooplankton abundance
with respect conductivity is shown in Figs. 8 and
9. In Fig. 8 copepod abundance was negatively
correlated with conductivity (r = -0.7017; -
0.6377;-0.4652 p<0.05) which suggest that
abundance do not vary together with respect
conductivity. In Fig. 9 among Cladocerans
conductivity values was correlated only with
Bosmina sp. abundance (r=0.4986, p<0.05) and
did not correlate with Daphnia sp. and
Ceriodaphna sp. (r =-0.4044; r=-0.0965,
p<00.05). Fig. 10 shows that among Cilliata,
abundance of Opecularia sp. and Vorticella sp.
are closely related to variations in conductivity



values (r=0.4824, r=0.4626 p<0.05) while
Opisthostyla sp. exhibited no correlation with
values of conductivity (r=-0.0164, p<0.05). In Fig.
11 among Rotatoriathe abundance variable for
Brachionus sp., Euchlanis sp., Notholca sp. and
Asplanchna sp. were not explained by
conductivity variations across stations (r=0.0203;
r =-0.1810; r=-0.2449;r=-0.5146; p<0.05).

4.1 Numerical Coherence and Diversity
The numerical coherence of dominant Copepods

and other groups of Zooplankton among stations
are shown in Figs. 12 to 14. In Fig. 12 there was
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moderate to strong correlation in numerical
Copepods abundance (Copepod nauplii and
Calanus Copepods) and Cladocera- Daphnia sp.;
r = 0.6680 and r= 0.8766 p< 0.05). A moderate
correlation was observed between Cyclopoid
copepod and Cladocera-Cerodaphnia sp. (r=
0.6311 p<0.05). In Fig. 13 correlation between

Copepod group and Cilliata was low with
Opisthostyla sp. (r=0.3710 p<0.05). The
correlation values in Fig. 14 show low to

moderate relationship between Copepods and
Rotatoria. Moderate correlation values were
observe between Copepods (Copepod nauplii,
Calanoid Copepods and Cyclopoid Copepod)
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and Asplanchia sp. (r= 0.3222; r= 0.3423;
r=0.4191 p<0.05). The numerical abundance in
Rotatoria Brachionus sp., Euchlanis sp. and
Notholca sp. expressed low to moderate
correlation with Cyclopoid copepods (r = 0.3569;
r=0.6009; r =0.4279; p<0.05).

Fig. 7 show diversity of Zooplankton presented
as Shannon-Weiner index (H), Margalef index
(S) and Pileou (E) evenness. The SWi value of
1.1 and 1.2 occurred in middle section of creek in
stations 6, 7, 8 with highest value of 1.3 in
outward section of creek at station 11. Lowest
SWi diversity was mostly in innermost sections of
creek where diversity varied from 0.7 to 0.9. The
Margalef index (S) values of 0.1 and 0.2 were
low for most stations. The Pileou evenness vary
from 0.1 to 0.2 and corresponds with profile of
Shannon-Weiner index.

5. DISCUSSION

The study has shown evidence of a standing
crop of Zooplankton with a dominance of
copepods. Among stations there was no
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significant difference (p<0.05) in abundance
between stations from conductivity value of 150
(umhos) at station 1 to conductivity value of 8000
(umhos) at station 13. There was also no pattern
in the correlation of conductivity to abundance of
Copepods, Rotatoria, Cladocera and Cilliata. The
occurrence of only three genera of Cladocera,
three genera of Cilliata and four genera of
Rotatoria with relatively lower abundances than
the Copepod group recorded, suggest that in this
tidal creek, freshwater Zooplankton are not
significant components. The observed significant
Copepod dominance (72-96%) and the low
diversity and evenness patterns reflect a
Zooplankton community operating under non-
equilibrium [31] conditions.

The non-equilibrium conditions expressed as
high abundance of Copepods (95%) and
significant low numbers of Rotatoria (3.2%),
Cladocerans (1.2%) and Cilliata (0.5%) suggest
biological interactions that support ecological
principles of a trophic cascade [32,33,34,35,36].
Copepod induced trophic cascades have been
implicated in a number of studies [37,38,39,40].
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Fig. 12. Scatterplot matrix correlation of abundance between copepod and cladocerans
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Fig. 13. Scatterplot matrix correlation of abundance between copepod and cilliata
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Fig. 14. Scatterplot matrix correlation of abundance between copepod and rotatoria

The observed trophic cascade is plausibly from
depletion of Cilliata who is an intermediate
competitor with copepods for same basal
resources. Ciliates are known as an important
component of aquatic ecosystems by consuming
autotrophic and heterotrophic pico and nano
plankton and function as prey Zooplankton at
higher trophic levels [41-44].

Ciliates were characterized with ubiquity, rapid
reproductive rate and capacity to survive in
extreme environments, including adaption to
anaerobic conditions. Their significantly low
numbers strongly suggest a cascade effect. Only
one Cilliate namely Vorticella sp. was observed
to have occurred in seven (7) stations out of 13
stations with other Ciliates, Opisthostyla sp. and
Opercularia sp. occurring in single stations.
Similarly Cladocerans which were represented in
an asynchronous pattern across 13 stations by

13

Daphnia sp. (8 stations); Bosmina sp. (7 stations)

and Ceriodaphnia sp. (4 stations) were
significantly low compared to Copepods.
Copepods are known practice omnivory

switching from one intermediate predator such as
Ciliates that compete for common resources from
primary production [45-48] and [49-51].

Studies have also shown suppression of
Cladocerans by Copepods through direct
effect of numerical abundance and indirect effect
by release of chemicals or kairomones
[62,53,54,55,56] and [57,58,59,60,61]. From the
foregoing, it is plausible to infer the existence of
intraguild interactions among Zooplankton
community at sampling time. Copepods through
a combination of predation and competition were
maintained by existence of alternative prey as
they drive their preferred prey to low numbers
while they feed across trophic levels.



6. CONCLUSION

The study shows evidence that at sampling time
a trophic cascade and intraguild competition was
standing trophic status among Copepods,
Rotatoria, Cladocera and Cilliata on Olero creek.
The observed numerical relationship within
trophic levels shows Copepods who as top-level
consumers were operating a top-down system
driven in principle by predation and competition.
The typology of this top-down cascade system
between Copepods and other Zooplankton
should be included in directions of future
research to enable a more appropriate basis of
cross system explanation in marine, estuaries
and freshwater systems.
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