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Abstract — The short-term dynamics (circadian and tidal
cycles) of the zooplankton community were investigated in
the Grand-Lahou lagoon. The plankton samples were
collected in March-April (dry season) at 3 stations, every 4
hours over a 24-hour period. Altogether, Forty one
zooplankton taxa were identified, of which Oithona
brevicornis (4 to 99 ind.l-'; mean : 33 ind. 1-'; 61% total
zooplankton abundance) was the dominant species.
Significant short-term variation was observed in total
zooplankton and main species abundance and biomass.
Generally, total zooplankton and main species biomass
fluctuations related to day phase. Mean total zooplankton
biomass varied from 7.29 pgC.l-! (day time) to 38.54 pgC.1-!
(night). Fluctuations related to tidal height were recorded in
the total zooplankton and tintinnid densities at stations near
the channel (station 1). Mean zooplankton density were lower
at ebb tide (10 to 12 ind.l-l) than at flood tide (45.77 to 72.47
ind.I-"). Similar short-term pattern of tintinnids density were
observed at station 1.

Keywords — Tropical Caostal Lagoon, Zooplankton Short-
Term Variation, Abundance, Biomass, Grand-Lahou, Cote
d’Ivoire.

I. INTRODUCTION

Coastal lagoons are considered as biodiversity ‘“hot
spots” and are among the most productive ecosystems in
the world. Unfortunately, they are vulnerable and undergo
degradation under anthropogenic pressures, with
numerous consequences on the riverine populations [1]. It
is therefore necessary to protect and rationally manage
these valuable coastal ecosystems.

A number of studies have used zooplankton to monitor
environmental changes in coastal lagoons because its
sensitivity to environmental changes induced by abiotic
and biotic factors [2]. Furthermore, zooplankton plays a
major role in the functioning and the productivity of
aquatic ecosystems through its impact on the nutrient
dynamics and its key position in the food webs. Indeed,
most zooplanktonic organisms have an herbivorous
detritivorous diet and exert a strong grazing impact on the
phytoplankton ([3], [4-[5]) and bacterioplankton [6]. They
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also constitute a food source for organisms of the upper
trophic levels such as planktivorous fish and carnivorous
invertebrates [7].

Besides, the zooplankton populations are dependent on
trophic ([8], [9]) and salinity [10] variations. This means
that any modification of the composition and the
functioning of the zooplanktonic community is susceptible
to affect the state of the entire ecosystem. In other words,
studying the structure and the variability of zooplankton
communities can supply useful information for a
sustainable management of sensitive ecosystems as coastal
lagoon.

The patterns and processes of zooplankton spatial and
temporal distribution are thus important prerequisite for
ecosystem modeling and rational management of coastal
lagoons in the face of climate change and increased human
disturbances. Spatial heterogeneity of zooplankton is
driven by abiotic and biotic forces and by the biophysical
coupling [11]. Traditionally, plankton seasonality is
assumed to be less prominent in low-latitude than in high-
latitude environments due to the dampened fluctuations in
both irradiance and temperature, but many tropical or sub-
tropical aquatic ecosystems are sensitive to seasonal
variations due to annual hydrological cycle [12]. In
shallow ecosystem such as coastal lagoons, short term
variations linked to diel vertical migrations (DVM) [13]
and to tidal cycles (ebb - flood or spring - neap) ([14],
[15]) have important consequences for the structuration of
zooplankton communities and the ecological functioning.

In the Grand-Lahou lagoon, the relationships between
zooplankton distribution and environmental factors were
studied to test whether the indicator properties of
zooplankton assemblages could be used to monitor water
[16]. This study showed that the composition of
zooplanktonic communities and their spatio-temporal
variations were mainly controlled by salinity variations
closely linked to the climatic and hydrological context,
while the role of the trophic status could not be clearly
evidenced. Besides, the zooplankton composition and
abundance was shown to vary remarkably with the season.
However, this previous study, based on monthly sampling,

Copyright © 2015 IJAIR, All right reserved

1540



could not address short-term changes (diel variation for
example). To raise this insufficiency, we initiated this
study of which the main objective is to investigate patterns
in  short-term (diel) variability of zooplankton
composition, abundance and biomass in a tropical lagoon
(Grand-Lahou, Cote d’Ivoire) in relation with
environmental variables.
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II. MATERIALS AND METHODS

The methods section comprises detailed descriptions of
study area and of sampling (Zooplankton and
environmental variables) and data analysis.

The Grand-Lahou lagoon (Figure 1) is a brackish lagoon
situated in the south of Cote d’Ivoire, between 5°07' and

5°14'" N and between 4° and 5°25' W [17].
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Fig.1. Localisation of the sampling station in the Grand-Lahou lagoon, Cote d’Ivoire

The main basin has an orientation East-west on 50 km,
parallel to the Atlantic coast. The lagoon is a shallow basin
(mean depth of 3 m; [18]) with a total area of about 190
km? [19]. It can be subdivided in two zones according to
the hydroclimat ([17], [20]) : an estuarine zone located on
the oriental fagade regrouping the Tagba (57 km?) and
Mackey (28 km?) lagoons and a western zone, composed
of the Tadio (90 km2) and Niouzoumou (15 kmz) lagoons.
The Grand-Lahou lagoon is under the influence of oceanic
and freshwaters. It has a permanent communication with
the Atlantic ocean through the Grand-Lahou channel. The
freshwater inputs come from two main rivers, the Boubo
and the Bandama having their outlets in the Mackey and
Tagba lagoons respectively.

The lagoon is situated in a region under the influence of
the subequatotial climate characterized by two rainy
seasons (May to July and October to November) and two
dry seasons (December to April and August-September).

Zooplankton and environmental variables were recorded
during the dry season from March 28 to April 2, 2006, in 3
stations (Figure 1). Station 1 (3.8 m depth) is close to the
Grand-Lahou channel and is under the direct influence of
the oceanic tides. Station 2 (2.3 m depth) is mainly under
the influence of the Boubo river, of which the flood season
is coinciding with the rainy seasons. Station 3 (4.1 m
depth) is a site safe from the continental influences, with
the exception of diffuse dripping waters. It is
representative of the enclosed sector of the Grand-Lahou.
Water level information was obtained with a relative tide
scale.

The three stations were sampled successively: station 2
(28 to 29 March), station 3 (30 to 31 March) and station 1

(1st to 2 April. At each station, the sampling cycle began
at 08:00 and ended the following day at 04:00 with a 4-h
sampling frequency.

The physical and chemical parameters (temperature,
salinity, dissolved oxygen, conductivity, turbidity and pH)
were measured in surface and near the bottom, with a
portable multi-parameter probe, TURO T-611. The
transparency was measured using a Secchi disk. Water
samples were collected with a Niskin-bottle and preserved
at 4°C for subsequent analyses of nutrients [Phosphate
(PO,*) and Nitrite (NO,)] with a Technicon sensor III
(Model AA3) auto-analyzer, according to protocols
described by [21].

The zooplankton sampling was made using a cylindro-
conical net (64 pum in mesh opening size, 30 cm in mouth
diameter and 1 m in length) by vertical hauls from the
bottom to the surface to integrate vertical variations of
abundance, and to minimize effects of diel vertical
migrations [22]. Samples were immediately preserved in a
mixture of lagoon’s water and borax neutralized formalin
at a final concentration of 5%.

Zooplankton organisms were identified using the
following works: [23], [24], [25]-[26]. The taxa were
identified and counted under a dissecting microscope
(magnification: 160, 250 and 400). The least abundant
taxa were counted on the entire sample, while the most
abundant taxa were counted on subsamples made with
wide bore piston Eppendorf pipettes of 1 and 5 ml. One or
several subsamples were examined until numbering a
minimum of 100 individual per taxa, in order to minimize
sub-sampling errors and to reduce the coefficient of
variation to a maximum of 10% [27].
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Zooplankton densities, expressed as numbers per liter
(ind./L), were calculated by dividing the number of
organisms estimated in each sample by the volume of
water filtered in the field. The volume of filtered water
obtained while multiplying the surface of the net (0.071
m?) by the depth of the site sampled (varying according to
study stations). The individual weights (expressed as dry
weight, DW) were estimated from their body size using
the length (L in mm)-weight (DW in pg) relationship
proposed by the literature ([28], [29], [30], [31]-[32]). The
body size were measured under a dissecting microscope
(magnification 400) using an ocular micrometer (precision
+ 10 pm), on a sample of at least 30 individuals. The
measures concerned specimen coming from all stations.
The individual dry weights were converted into carbon (C)
using a C/DW ratio = 0.045 [30].

The multivariate redundancy analysis (RDA) was
carried out to determine the relationships between
environmental variables and abundance of zooplankton
taxa, using the Canoco-4.5 software package. The results
are presented as a triplot, in which species, environmental
variables and sampling hours are plotted together. One-
way analyses of variance (general linear model) were
performed to test the effects of hour and periods (day time
and night) on zooplankton density and biomass. All
calculations were performed after adequate logarithmic
transformation of the data in order to obtain normal
distributions. All steps of this method were computed
using Statistica 7.1 software.

III. RESULTS

In this section results, we exhibit data obtained from
environmental variables, zooplankton composition and
diel variation, ecological index, relations between
zooplankton taxa and  environmental  variables
(multivariate analysis, RDA).

A. Environmental variables

The Grand-Lahou lagoon tides are semi-diurnal and
ranged between 4 cm (low tide at station 3, 24:00) and 35
cm (high tide at stations 1 and 2 respectively at 20:00 and
16:00) (Figure 2). During our survey, the low tide
occurred at 12:00 and 00:00 h at stations 1-2, and at 08:00
and 20:00 h at station 3. The high tide occurred at 08:00
and 20:00 at station 1, and at 16:00 and 04:00 at stations 2
- 3 (Figure 2).
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Fig.2. Diel variations of water level in Grand Lahou
lagoon during 24-h sampling cycles in 3 stations.

The daily variation of the environmental variables is
illustrated in Figure 3. No systematic short-term pattern in
relation with circadian and tidal cycles was identified in
the environmental parameter. Among the abiotic variables,
only temperature varied significantly between sampling
hour at all surveyed stations (p < 0.0001). Conductivity
significantly varied between sampling hour in stations 1
and 3. Dissolved oxygen, phosphates and nitrites
significantly varied respectively at stations 1, 2 and 3.
Besides, no significant day phase variation was found for
the physical and chemical variables (ANOVA, p > 0.05),
with the exception of the nitrites and ammonium values at
station 3 (ANOVA, p < 0.05).

B. Zooplankton diversity, composition and structure

Forty one zooplankton taxa were identified at all the
sampling stations. These taxa are divided into four groups:
Copepoda, Rotifera, Cladocera and others zooplankton.
Copepoda was the most dominant group in terms of
diversity (20 taxa; 48.78%), followed by the other
zooplankton group (19 taxa, 45.43%) (Table I). The
taxonomic richness significantly varied (p < 0.05) between
stations and between day time and night hours. The
highest taxonomic richness was recorded at station 1 (27
to 32) and the lowest at station 2 (10 to 11). The day-night
difference was not significant since the taxonomic richness
recorded at night was between 10 and 32 compared to that
of the day from 11 to 27.
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Fig.3. Diel variations of environmental variables in Grand Lahou lagoon during 24-h sampling cycles in 3 stations: (a)-
Temperature, (b)-Conductivity; (c)-Dissolved oxygen; (d)-pH, (e)-Nitrites; (f)-Ammonium and (g)-Phosphates.

Mean day and night values of zooplankton abundance
and biomass are shown in Table I and II respectively. The
total zooplankton abundance and biomass were
significantly higher at night than during the day. The total
zooplankton abundance varied between 23 and 56 ind./L
during the day time and between 47 and 108 ind./L at
night. The total biomass varied between 6 and 10 ugC./L
during the day and between 20 and 65 pgC./L at night.
Copepods constituted the most dominant group in the
Grand-Lahou lagoon zooplankton during both periods.

They constituted 46% to ~ 100% (11 to 56 ind./L) of the
total zooplankton density during the day and 57% to =
99% (27 to 107 ind.L) of the total zooplankton density at
night. Copepods biomass constituted also the most
important group in samples of day time [66 to 97% of total
biomass (3 to 7 ugC./L)]. In samples collected during the
night, they constituted the most important group at station
3 [99% of total biomass (20 ugC./L)]; while other
zooplankton group constituted the most important group

with 53 to 79% of the total biomass (16 to 52 ugC./L) at
stations 2 and 3.

In terms of density, Copepods comprised 22 to 55% (3
to 19 ind./L) of nauplii and 45 to 78% (8 to 44 ind./L) of
copepodid and adult stages in samples of the day and 6 to
36% (7 to 20 ind./L) of nauplii and 64 to 94% (18 to 100
ind./L) of copepodid and adult stages in samples of the
night.

In terms of biomass, Copepods comprised 2 to 22% (the
day) and 1 to 10 % (the night) of nauplii with < 1ugC./L.
So therefore, copepodid and adult stages represented the
main Copepods biomass with 3 to 20 ugC./L. Copepodids
and adults density included 55-98% of cyclopoids, 2-37%
of calanoids and 0-8% of harpacticoids during the day.
During the night, Copepodids and adults density included
73-98% of cyclopoids, 1-23% of calanoids and 0-7% of
harpacticoids.

In terms of biomass, copepodid and adult stages
included 16-86% of cyclopoids, 14-74% of calanoids and
1-9% of harpacticoids in samples of day and 20-86% of
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cyclopoids, 8-74% of calanoids and 0-6% of harpacticoids
in samples of night. So, in the both variables, cyclopoids
constituted the most important group of Copepoids,
followed by calanoids and by harpacticoids.

Concerning the density and the biomass, Oithona
brevicornis was dominant among the copepodids and
adults and respectively represent 36-92% (4-99 ind./L) and
12-90% (1-18 pgC./L). It was followed by Paracalanus
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spp. [12-24% (= 3 ind./L) and 25-36% (= 3 pgC./L) and
by Acartia clausi [1-10% (1-5 ind./L) and 5-54% (1-8
ugC./L]. Brachionus plicatilis constitute the bulk of the
Rotifera (0-6 ind/L and < 1 ugC./L). Tintinnids,
Cirripedia nauplii (Balanus spp.), polychaetes and
gastropod larvae, are the most abundant among other
zooplankton taxa.

Table I: Mean abundances of the different taxa collected in the Grand-Lahou Lagoon during the diel variation study.

Stationl Station 2 Station 3
Day Night Day Night Day Night
Abundance (ind./L)
Rotifera Brachionus plicatilis (O.F. Miiller, 1786) 5.94 1.20 0.11 0.57 0 0.05
Cladocerans Penilia avirostris (Dana, 1849) 0.01 0.01 0 0 0 0
Copepoda Nauplii 298 859 12,03 6.77 18.77 19.70
Acartia clausi (Giesbrecht, 1849) 0.01 0.05 0.50 0.76  0.72 545
Centropages furcatus (Dana, 1849) 0.07  0.15 0 0 0 0
Centropages chierchia 0 0.01 0 0 0 0
Eucalanus spp. 0.05 0.04 0 0 0 0
Calocalunus pavo (Dana, 1852) 0.01 0 0 0 0 0
Paracalanus spp. 256 333 022 0.15 023 0.22
Pseudodiaptomus hessei (Mrazek, 1894) 0 0 0.01 0.22 0 0.08
P. serricaudatus (Scott, 1894) 0.09 0.61 0 0 0 0
Temora stylifera (Dana, 1849) 0 0.03 0 0 0 0
Temora turbinata (Dana, 1849) 0 0.01 0 0 0 0
Temora sp. 0.01 0 0 0 0 0
Other calanids 0.00 0.01 0 0 0 0
Corycaeus spp. 0.17  0.25 0 0 0 0
Oncaea spp. 0.19 0.04 0 0.05 0.01 0
Oithona brevicornis (Giesbrecht, 1891) 386 1332 4281 98.70 14.15 26.14
Euterpina acutifrons (Dana, 1848) 0.29 0.39 0 0 0 0.00
Microsetella norvegica (Boeck, 1864) 0.05 0.02 0 0 0 0
Macrosetella rosea (Dana, 1848) 0 0.01 0 0 0 0
Other harpacticoid 025 038 0.03 046 029 240
Others Amphipods 0 0.04 0 0 0.00 0.03
zooplankton Chaetognatha 0.04 044 0 0 0 0.01
Euphausiacea 0.01 0.21 0 0 0.01 0.01
Lamellibranche 0.04 0 0 0 0.01 0
Gastropod larvea 022 0.25 0 0 0.20 0.15
Cirripeda nauplii 0 0 0.02 0 0.01 0
Polychaete larvae 0 0 0.02 0 0.16 0.76
Fish larvae 0.11 0.11  0.01 0 0 0.06
Chironomid larvae 0.07  0.60 0 0 0 0
Fish eggs 0.04 0.17 0 0 0 0
Medusea 0 0.14 0 0 0 0
Decapod Megalopa 0 0.06 0 0 0 0
Mysidacea 0 0 0 0 0 0.05
Ostracoda 0 0 0 0 0.00 0.04
Thaliacea (dolioles) 0 0.01 0 0 0 0
Decapoda Zoea 0.02  0.06 0 0.05 0.05 0.49
Lucifer faxoni 0.05 0.10 0 0 0 0
Tintinnids 575 16.79 0 0 0 0
Insect larvae 0 0 0.00 0.01  0.01 0
Rotifera 594 120 0.11 0.57 0 0.05
Cladocera 0.01 0.01 0 0 0 0
Copepoda 10.58 27.26 55.60 107.11 34.17 54.01
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Other zooplankton 6.35 18.97 0.05 0.06 045 1.61
Ecological diversity

Taxonomic Richness 27 32 11 10 15 18

Shanonn index (bits./ind.) 1.66 1.56  0.57 050 0.77 0.83

Pielou evenness 056 046 032 0.18 040 044

Table II: Mean biomass of the different taxa collected in the Grand-Lahou Lagoon during the diel cycles study.

Station 1 Station 2 Station 3
Day Night Day Night Day Night
Biomass (ugC./L)
Rotifera Brachionus plicatilis (O.F. Miiller, 1786) 0.64 0.13 0 0.00 0.01 0.06
Cladoceran  Penilia avirostris (Dana, 1849) 0.01 0.01 0 0 0 0
Copepoda Nauplii 0.13 039 084 089 054 030
Acartia clausi (Giesbrecht, 1849) 0.02 006 0.76 7.61 046 0.95
Centropages furcatus (Dana, 1849) 0.88 1.88 0 0 0 0
Centropages chierchia 0 0.18 0 0 0 0
Eucalanus spp. 098 0.83 0 0 0 0
Calocalunus pavo (Dana, 1852) 0.07 0 0 0 0 0
Paracalanus spp. 2.67 347 024 023 023 0.16
Pseudodiaptomus hessei (Mrazek, 1894) 0 0 0 036 0.03 0.59
P. serricaudatus (Scott, 1894) 0.49 3.35 0 0 0 0
Temora stylifera (Dana, 1849) 0 0.11 0 0 0 0
Temora turbinata (Dana, 1849) 0 0.06 0 0 0 0
Temora sp. 0.03 0 0 0 0 0
Other calanids 0.02 0.08 0 0 0 0
Corycaeus spp. 0.13 0.19 0 0 0 0
Copepoda Oncaea spp. 0.15 0.03 0.01 0 0 0.04
Oithona brevicornis (Giesbrecht, 1891) 0.87 241 191 487 434 1844
Euterpina acutifrons (Dana, 1848) 0.57 0.79 0 0.01 0 0
Microsetella norvegica (Boeck, 1864) 0.04 0.02 0 0 0 0
Macrosetella rosea (Dana, 1848) 0 0,01 0 0 0 0
Other harpacticoid 0.02 0.03 0.02 021 0.00 0.04
Others Amphipods 0 1.82 0.16 1.1 0 0
zooplankton  Chaetognatha 0.04 048 0 0.01 0 0
Euphausiacea 1.52 4504 152 210 0 0
Lamellibranche 0.00 0 0.00 0 0 0
Gastropod larvea 0.09 0.11 0.08 0.06 0 0
Cirripeda nauplii 0,06 0,06 0,00 0 0,01 0
Polychaete larvae 0,04 0,33 0,09 0,42 0,01 0
Fish larvae 0.69 3.03 0 1.04 0.13 0
Fish eggs 0 0.15 0 0 0 0
Medusea 0.04 0 0 0 0 0
Mysidacea 0 0 0 10.22 0 0
Ostracoda 0 0.01 0.01 0.08 0 0
Larva 0.01 0.03 0 0.00 0 0
Decapoda Zoea 0.04 0.08 0.04 040 0 0.04
Tintinnids 0.23 0.68 0 0 0 0
Rotifera 0.64 0.13 0 0.00 0.01 0.06
Cladocera 0.01 0.01 0 0 0 0
Copepoda 7.08 1392 378 13.81 5.58 19.93
Others zooplankton 2774 51.86 190 1583 0.15 0.04
Total zooplankton 1046 6592 5.68 29.65 574 20.03
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C. Zooplankton diversity and composition diel
variation

No diel variation pattern was obtained for the three
diversity index studied. No important night-day variation
was either observed. However, the number of zooplankton
taxa recorded during the night (9 to 27, mean: 15.11 taxa)
was greater than that observed during the day (6 to 20,
mean: 12.50 taxa). Taxonomic richness diel variation is
significant at station 1 (15 to 20 taxa in the day vs. 18 to
27 at night). Station 1 presented the most important
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taxonomic richness values (15 to 27 taxa) vs. 6 to 13 taxa
at stations 2 and 3.

Total zooplankton abundance and biomass sampled
during the diel study were highly variable, ranging from
26 to 93 ind./L and from 4 to 57 pugC./L, respectively.
Generally, total zooplankton abundance and biomass diel
variations were characterized by the night values
(respectively 31 to 175 ind./L and 11 to 135 pgC./L)
higher than the day ones (respectively 10 to 94 ind./L and
2 to 12 ugC./L) (Figure 4).
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Fig.4. Diel variations of density (on the left) and of biomass (on the right) of the main zooplankton groups sampled in
Grand-Lahou lagoon during the dry season (March-April): (a and b) - Station 1; (c and d) - Station 2 and (e and f) —
station 3. (ROT : Rotifers, CLADO : Cladocerans, COP : Copepods, OZOO : Other zooplankton).
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During the day time, copepod group dominated the
zooplankton population, in terms of abundance, excepted
at 16:00 and at 4:00 at station 1, where others zooplankton
constitute the most dominant group [(48%, 22 ind./L) and
(72%, 52 ind./L) respectively] (Figure 4a).

In terms of biomass, the population is dominated by the
copepod during the day at all stations. At night,
zooplankton population was dominated by others
zooplankton group at station 1 (70 to 90% at 24-04:00)

(Figure 4b) and by copepod at station 2 (= 100%) (Figure
4d).
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At station 3, others zooplankton group was dominant at
20:00 (76 %) whereas copepod was dominant at 24:00
(53%) and at 4:00 (73%) (Figure 4f). Rotifer was observed
with significant relative abundance in station 1, at 12:00
(53%) and at 16:00 (33 %) (Figure 4f).

Total copepod abundance and biomass diel variations
were similar to those of the total zooplankton, with highest
values observed at night (18 to 174 ind./L. and 10 to 33
pugC./L) versus (5 to 94 ind./L and 3 to 10 pgC./L during
the daytime) (Figure 5).
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During the diel variation, the dominant copepod taxon in
abundance terms, was Oithona brevicornis. It constituted,
on the average, between 45 to 85% of total copepod
abundance and showed its highest abundance at night (8 to
167 ind./L versus 1 to 66 ind./L during the day time)
(Figure 5a, ¢ and e). Others taxa presented greatest
biomass at night. These are Pseudodiaptomus
serricaudatus (2 to 8 ngC./L versus < 1 ugC./L during the
day) and Paracalanus spp. (2 to 6 pgC./L versus 1 to 3
ugC./L during the day) at station 1 (Figure 5b); and
Acartia clausi (3 to 15 pgC./L versus < 2 ugC./L during
the day) at station 3 (Figure 5f).
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During the 24-h cycle, the other zooplankton group
abundance and biomass varied according to the stations
(Figure 6). At station 1, two abundances peaks were
displayed at 16:00 (22 ind./L) and at 4:00 (52 ind./L)
(Figure 6a) whereas the most elevated biomass have been
obtained at night (121 pgC./L at 24:00 and 34 ugC./L at
4:00) (Figure 6b). The highest peak obtained was due to
tintinnid abundant while the biomass peak was due to
euphausiacea. At station 2, two abundances peaks were
also observed, at 12:00 (0.11 ind./L) and at 4:00 (0.8
ind./L) (Figure 6c) whereas the most elevated biomass
have been observed at 8:00 (0.53 ugC./L) (Figure 6d).
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At 12:00, the abundance peak was due to cirripedia
nauplii and to polychaetes larvae whereas at 4:00,
abundance peak was due to decapoda zoea. During the 24-
h cycle at station 2, decapoda zoea was obtained at
nighttime while cirripedia nauplii, polychaetes larvae were
observed at daytime. Biomass peak recorded at 8:00 was
due to mainly to fish larvae. In station 3, zooplankton diel
variation was marked by the most elevated abundance and
biomass values obtained at night (1 to 2 ind./L and 8 to 31
ugC./L) versus < 1 ind.I" and 0 to 16 pgC./L in the
daytime (Figure 6e and f).

Abundance peaks observed at night were mainly due
polychaetes larvae and decapoda zoea (Figure 6E) while
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biomass peaks were mainly due to mysidacea and
Euphausiacea (Figure 6f).

Rotifera represented by Brachionus plicatilis was shown
diel variation marked by highest abundance and biomass
at daytime, in station 1 (6 to 15 ind./L and 0.7 to 1.6
ugC./L versus < 2 ind./L and < 0.5 pgC./L at night)
(Figure 7a and b).

To the stations 2, on the other hand, the most abundance
and biomass values were obtained at nighttime (0.5-0.6
ind./L and 0.05-0.07 ugC./L) versus < 0.1 ind./L and <
0.01 pgC./L at daytime (Figure 7c and d). During the 24-h
sampling, Rotifera was not obtained in station 3.
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Fig.7. Diel variations of density (on the left) and of biomass (on the right) of Brachionus plicatilis sampled in Grand-
Lahou lagoon during the dry season (March-April): (a and b) - Station 1 and (c and d) - Station 2.

D. Relations  between  zooplankton taxa and
environmental variables

The relationship between zooplankton density and
environmental variables is shown in the RDA ordination
diagram (Figure 8). The cumulative percentage variance
expressed by the first two axes was 83%, with 66% for the
first axis.

Analysis showed a clear discrimination of sampling
sites. The first station, near the Grand-Lahou channel, was
positively correlated with the 1Ist axis and was
characterized by high values of dissolved oxygen,

conductivity and pH. At the biologic level, this station was

characterized mainly by Paracalanus spp., Euterpina
acutiftons, Pseudodiaptomus sericaudatus, Tintinnids and
Brachionus plicatilis.

The two other stations, more distant of the channel, were
negatively correlated with the 1st axis. Station 2 was
marked by high values of ammonium and phosphates, and
was characterized by taxa composing Oithona brevicornis,
Euphausiacea, Cirripedia Nauplii, Mysidacea, Acartia
clausi, and Decapoda zoea. Station 3 was characterized by
high values of temperature and by Copepods nauplii and
Polychaetes larvae.
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IV. DISCUSSION

A total of Forty-one zooplanktonic taxa were identified
in all the sampling stations during our circadian cycle
study during the dry season. These taxa are divided into
four groups Copepoda, Rotifera, Cladocera, and other
zooplankton mainly of marine and brackish origin.
Copepods and other zooplankton were the most important
group in terms of diversity; they were respectively
represented by twenty (49 % of total taxa) and nineteen
taxa (46 %). During the rainy and flood season, [16] found
that the zooplanktonic community is composed of brackish
and freshwater zooplankton such as Brachionus falcatus,
B. caudatus, Filinia opoliensis, F. longiseta, F. terminalis,
Diaphanosoma excisum, Moina micura, Mesocyclops sp.,
etc.

The difference between the communities observed
during the dry season and the wet and flood seasons
confirms the dependency of the structure of zooplanktonic
community on the hydroclimatic factors. It is the major
reason zooplankton has be used as a sensitive tool for

monitoring environmental changes in coastal lagoons;
hence, zooplankton can provide an useful information for
a sustainable management of these sensitive ecosystems.

Copepods constituted the most dominant group among
the zooplanktonic community observed in the Grand-
Lahou lagoon, with 46 % to = 100% and 53-97%
respectively of the total zooplankton density and biomass
([16], [33]). Among these Copedod species, one can
observe the predominance of Oithona brevicornis in the
Grand-Lahou lagoon. The numerical predominance of
Oithona species is also reported in the Cananéia lagoon
(Brazil) [34], in the North Queensland (Australia) [35] and
in the Ebrié lagoon [36].

Oithona brevicornis’s predominance in Grand-Lahou
lagoon could be explained by the stronger marine
influence on this ecosystem on the one hand, and by the
relative tolerance of Oithona brevicornis to the high
salinity levels (5-30) on the other hand [37]. According to
[38], the numerical predominance of Oithona species
seems to be a general characteristics of mangrove copepod
community.
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Indeed, Oithona species are more capable to eat
particulate organic matter of variable diameter between
2.5 and 5 ums and coming from the mangrove [39].

A positive relationship between Oithona brevicornis
reproduction parameters and salinity was observed by
[40].

The zooplankton abundance and biomass showed a
substantial increase during the night in all stations.
Besides, some zooplankton organisms presented biomass
diel variations in relation to tide. Nocturnal increase of
zooplankton abundance and biomass has been reported by
several studies ([41], [42], [13], [43], [44]-[45).
Zooplankton density and biomass nocturnal augmentation
may be due to diel vertical migration of some organisms
([45], [46]-[47]). The 'normal' pattern of zooplankton
migration is a morning descent and an evening ascent. In
the other words, migrating animals spend the day in deep
waters and the night near the surface waters ([48]. The
amplitude of the vertical movements may be very different
between species and between ontogenetic stages of the
same species. Several factors were used to explain
zooplankton vertical migration, among which predator
avoiding, food research, light intensity variation ([22],
[49] in [50]).

Evidence has accumulated for an important role of
predation in driving diel vertical migration. The first
experimental evidence for the importance of predators
come from studies of Gatum lake in Panama and Fuller
Pond in Connecticut [51]. Other studies also show that
daytime zooplankton descent is a strategy to avoid
predation by abundant visual predators such as fish and
invertebrate  ([7], [52]). Some larger individuals
experience a greater susceptibility to visual predators; they
descend and spend the day time near the bottom and
ascent in water column during the night [53]. The
nocturnal increase in Pseudodiaptomus serricaudatus
(station 1), Acartia clausi (station 2), Amphipods (station
1 & 2), Euphausiacea (station 1 & 2) and Mysidacea
(station 2) biomass (Table II and Figure 3 and 4) could be
explained by the susceptibility of these organisms to visual
predation. Although, this study was not devoted to vertical
migration study of zooplankton, it is noteworthy that some
previous study reported that these organisms make daily
vertical migrations or that some of their congeneric
species make it ([13], [46], [50]).

In several studies, zooplankton migration toward the
superficial layers during the night coincides with the
increase of nocturnal food activity of some taxa. This was
observed for Acartia tonsa in Berre pond (France) [54],
for Acartia clausi in the Ebrié lagoon (Cote d’Ivoire) [13],
for Pseudodiaptomus hessei and Acartia longipatella in
the Cap estuary (South Africa) [50] and for
Rhopalophthalamus africana in the Ebrié lagoon (Cote
d’Ivoire) [46]. These studies have concluded that the
migration of the zooplanktonic communities from the
bottom toward the water column during the night was in
relation with food research or availability. However, it
also arrived that the period of maximum food doesn't
coincide with the zooplankton nocturnal vertical ascent,
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e.g., Pseudodiaptomus hessei [46] and Acartia clausi [55]
in Ebrié lagoon.

In addition, light intensity variations are also used to
explain diel vertical migration observed at some
zooplanktonic organisms ([46], [56]-[57]). The diel
vertical migration of Daphnia was reduced meaningfully
in amplitude (less than 2 m) and in magnitude (10-20%
less individuals) in the lakes exposed to the urban lights
[58]. Furthermore, females and the nauplii stages of
Calanus finmarchicus migrated when they were exposed
to ultraviolet (UV) radiations. Nauplii stages reacted
mainly in the UV-B radiation, whereas the females reacted
in the UV-A radiation [59]. On the contrary, [60] didn’t
shown statistically significant difference in the daytime
depth distributions of Acartia hudsonica adult stage when
they are exposed to ultraviolet B (UV-B) radiations and
concluded that some other factor(s) must determine the
daytime vertical distribution of this copepod.

Our survey permitted to observe zooplankton
composition, density and biomass short-term dynamic was
related to tide cycle, mainly to the station 1. In this station,
total zooplankton and tintinnids higher density have been
observed to the low tide (16:00 and 4:00). On the other
hand, higher density and biomass of Paracalanus spp.
have been observed to the high tide (8:00 and 20:00).
Previous studies reported zooplankton composition and
abundance variation in relation to tide. In a macrotidal
mangrove channel (Northern Brazil), [61]Krumme and
Liang (2004) reported that the abundance and biomass of
both total zooplankton and copepods were high at low
water. They also observed that the density and the biomass
of Pseudodiaptomus marshi (dominant copepod of this
ecosystem) presented similar variation.

In contrast, [62] recorded that there was no evidence of
any significant variation in zooplankton or copepods in
relation to either tidal level, in the Taperacu estuary
(northern Brazil). According to [63], the tide cycle
induced fluctuations of environmental variables as
hydrostatic pressure, turbulence and stirring of water,
temperature, salinity, current speed. The variation of these
parameters encourages some changes in zooplankton
composition and the density. For [64], the advection by the
current constitutes a source of meaningful variability of
the zooplankton density in estuary and lagoons, which
affects all stages of zooplankton development including
eggs production, young and adult phases. The tidal effect
is felt more at station 1 (located near the Channel) than at
stations 2 and 3. Zooplankton composition and density
changes under tidal effect is in direct relation with tide
phase (ebb and flood tide). During the flood tide, station 1
located near the channel is invaded by marine zooplankton
taxa; while, brackish community taxa is predominant
during the ebb tide. One can also observe some few
marine taxa organisms the ebb period. On the contrary, the
tide doesn’t affect the zooplankton structure at stations 2
and 3 situated far from the channel. Zooplankton
community change in these stations is a lot more in
relation with the phase of day resulting in a nocturne
increase of the zooplankton density.

Copyright © 2015 IJAIR, All right reserved

1551



y

=)
‘x}/
IJAIR

\

V. CONCLUSION

This was the first study to examine zooplankton
composition, abundance and biomass variation during 24-
h sampling cycles in Grand-Lahou Lagoon. Our study also
proposes a pattern of short-term temporal variations of the
zooplankton community and abundance in relation with
environmental variables. Observation of diel variation in
zooplankton at four-hour intervals revealed that
zooplankton constitutes a sensitive tool for monitoring
environmental changes in coastal lagoons because of its
reaction to waters masses change. This study revealed that,
in Grand-Lahou lagoon, diel variation in zooplankton
composition, abundance and biomass is due to phases of
day and tidal cycle in zones near of the channel and
mainly due to day cycle in the over sites.

ACKNOWLEDGMENTS

The authors wish to express their sincere thanks to the
staff of the Center for Research in Oceanology (C.R.O.) of
Abidjan, Cote d’Ivoire for fieldwork assistance, to the
staff of Hydrobiology Laboratory of the University Felix
Houphouét Boigny, Abidjan-Cocody (Cote d’Ivoire). We
also thank anonymous referees for constructive comments
on the manuscript.

REFERENCES

[1] Kemp W.M. & Boynton W.R., 2012. Synthesis in Estuarine and
Coastal Ecological Research: What Is It, Why Is It Important,
and How Do We Teach It ? Estuaries and Coasts 35, 1-22. DOI
10.1007/s12237-011-9464-9.

[2] Naumenko E.N., 2009. Zooplankton in different types of
estuaries (using Curonian and Vistula estuaries as an example).
Inland Water Biology 2(1), 72-81. DOI:
10.1134/5s1995082909010118.

[3] Mehner T., Padisak J., Kasprzak P., Koschel R. & Krienitz L.,
2008. A test of food web hypotheses by exploring time series of
fish, zooplankton and phytoplankton in an oligo-mesotrophic
lake. Limnologica 38, 179-188.

[4] Mitra G., Mukhopadhyay P.K. & Ayyappan S., 2007.
Biochemical composition of zooplankton community grown in
freshwater earthen ponds: Nutritional implication in nursery
rearing of fish larvae and early juveniles. Aquaculture 272, 346-
360.

[5] Yunkai-Li, Chen Y., Song B., Olson D., Yu N. & Chen L., 2009.
Ecosystem structure and functioning of Lake Taihu (China) and
the impacts of fishing. Fisheries Research 95, 309-324.

[6] Wikner J., Rassoulzadegan F. & Hagstrom A., 1990. Periodic
bacterivore activity balances bacterial growth in the marine
environment. Limnology and Oceanography 35, 313-324.

[7] Pinel-Alloul B., 1995. Impact des prédateurs invertébrés sur les
communautés aquatiques. In: Pourriot R. and Meybeck M.,

(eds.). Limnologie Générale. Edition Masson, Collection
Ecologie, Paris pp : 628-647.
[8] Marcus N., 2004. An overview of the impacts of eutrophication

and chemical pollutants on Copepods of the coastal zone.
Zoological Studies 43(2), 211-217.
[9] Pinto-Coelho R., Pinel-Alloul B., Methot G. & Havens K.E.,
2005. Crustacean zooplankton in lakes and reservoirs of
temperate and tropical regions: variation with trophic status.
Canadian Journal of Fisheries and Aquatic Sciences 62(2), 348-
361.
Santangelo J.M., Rocha A.D.M., Bozelli, R.L., Carneiro L.S. &
Esteves F.D.A., 2007. Zooplankton responses to sandbar opening
in a tropical eutrophic coastal lagoon. Estuarine Coastal and
Shelf Science 71 (3-4), 657-668.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

International Journal of Agriculture Innovations and Research

Volume 3, Issue 5, ISSN (Online) 2319-1473

Pinel-Alloul B. & Ghadouani A., 2007. Spatial heterogeneity of
planktonic microorganisms in aquatic systems: multi-scale
patterns and processes. In: Franklin R.B. and Mills A.L. (eds.).
The importance of Spatial Scale on the Analysis of Patterns and
Processes in Microbial Communities. Kluwer Publ. Netherland,
p. 203-209.

De Senerpont L.N., Elser J.J., Gsell A.S., Huszar V.LM.,
Ibelings B.W., Jeppesen E. Kosten S., Mooij W.M., Roland F.,
Sommer U., Van Donk E., Winder M. & Liirling M., 2013.
Plankton dynamics under different climatic conditions in space
and time. Freshwater Biology 58, 463-482. doi:10.1111/ fwb .
12053.

Kouassi E., Pagano M., Saint-Jean L., Arfi R. & Bouvy M.,
2001. Vertical migrations and feeding rhythms of Acartia clausi
and Pseudodiaptomus hessei (Copepoda : Calanoida) in a
tropical lagoon (Ebrie, Cote d'Ivoire). Estuarine, Coastal and
Shelf Science 52, 715-728.

Gibson R.N., 2003. Go with the flow: tidal migration in marine
animals. Hydrobiologia 503, 153-161.

Gomez-Gutiérrez J., Martinez Gémez S. & Robinson C.J., 2007.
Influence of tidal fronts of surface zooplancton aggregation and
community structure in a subtropical bay, Bahia Magdalena,
Meéxico. Marine Ecology Progress Series 346, 109-125.

Etilé N.R., Kouassi A.M., Aka M.N., Pagano M., N’douba V. &
Kouassi N.J.,, 2009. Spatio-temporal variations of the
zooplankton abundance and composition in a West African
tropical coastal lagoon (Grand-Lahou, Cote d’Ivoire).
Hydrobiologia 624, 171-189 ; DOI 10.1007/s10750-008-9691-7
Durand J.R. & Skubich M., 1979. Recherches sur les lagunes
ivoiriennes. Réunion de travail sur la limnologie Africaine.
Nairobi, 16-23 décembre 1979, Editions ORSTOM, 55 p.

Abé J., Bakayoko S., Bamba S.B. & Koffi K.P., 1993.
Morphologie et hydrodynamique de I’embouchure du fleuve
Bandama. Journal Ivoirien d’Océanologie et de Limnologie,
2(2), 9-24.

Lae R., 1982. Premiere observation sur la péche en lagune de
Grand-Lahou. DEA d’Océanographie Tropicale, Université de
Brest, 30 p.

Etilé N.R., 2004. Etude de I’environnement hydroclimatique
d’une lagune tropicale (lagune de Grand-Lahou, Cote d’Ivoire).
DEA de Géographie Tropicale (Option: Environnement),
Université de Cocody-Abidjan, Institut de Géographie Tropicale
(I.G.T.). 48 p.

Strickland J.D.H. & Parsons T.R., 1972. A practical handbook of
seawater analysis. Journal of Fisheries Research Boardd of
Canada 167, 1-311.

Saint-Jean L. & Pagano M., 1990. Variations nycthémérales de
la répartition verticale et de Iefficacité de collecte du
zooplancton en lagune Ebrié (Cote d'Ivoire). Hydrobiologia 194,
247-265.

Carli A. & Crisafi P., 1983. Copepodi lagunari, guide per il
riconoscimento delle specie animali delle acque lagunari e
costiere iltliane. NHBS Environment Book Store, 124 p

Rose M., 1933. Faune de France. 26. Copépodes pélagiques.
Office central de faunistique, Paris, 372 p.

Tregouboff G. & Rose M., 1957. Manuel de planctonologie
méditerranéenne. Centre National de la Recherche Scientifique,
Edition, Paris, 587 p.

Wiafe G. & Frid C.L.J., 2001. Marine zooplankton of West
Africa (with CDROM). Darwin Initiative Report 5, Ref.
162/7/451, 125 p.

Cassie R.M., 1968. Sample design in zooplankton sampling.
UNESCO, Monographs Oceanographic methodology 2, 105-
121.

McCauley E., 1984. The estimation of abundance and biomass of
zooplankton in sample. In: Downing and Rigler, (eds). A
manual on methods of the assessment of secondary productivity
in fresh water. UBP Hand Book, Blackwell Scientific
Publication : London, pp. 228-265.

Nassogne A., 1972. Etude préliminaire sur le rdle du
zooplancton dans la constitution et le transfert de la matiére
organique au sein de la chaine alimentaire marine en mer ligure.
Publication N° B.1.O. 187 Direction Biologie Euraton, 238 p.
Pagano M. & Saint-Jean L., 1988. Importance et role du
zooplancton dans une lagune tropicale, lagune Ebrié (Cote
d’Ivoire) : peuplement, biomasse, production et bilan

Copyright © 2015 IJAIR, All right reserved

1552



\

(31]

[32]

[33]

[34]

(35]

(36]

[37]

[38]

(391

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

\/
IJAIR

\

y

4

métabolique. These, Université d’Aix-Marseille II, Faculté des
Sciences de Limny, 388p.

Saint-Jean L. & Pagano M., 1987. Taille et poids individuels des
principaux taxons du zooplancton lagunaire ivoirien: lagune
Ebrié ; étangs de pisciculture saumatres de layo. Revue
d’Hydrobiologie Tropicale 20(1), 13-20.

Uye S.I, 1982. Length-Weight relationships of important
zooplankton from the Inland Sea of Japan. Journal of the
Oceanographical Society of Japan 38, 149-158.

Repelin R., 1985. Le zooplancton dans le systtme lagunaire
ivoirien. Variations saisonnieres et cycles nycthéméraux en
Lagune Ebrié. Document Scientifique Centre de Recherches
Océanologiques, Abidjan, 16, 1-43.

Ara K., 2004. Temporal variability and production of the
planktonic copepod community in the Cananeia Lagoon
estuarine system, Sao Paulo, Brazil. Zoological Studies 43, 179-
186.

McKinnon A.D. & Klumpp D.W., 1998. Mangrove zooplankton
of North Queensland, Australia. 1. Plankton community structure
and environment. Hydrobiologia 362, 127-143.

Pagano M. and Saint-Jean L., 1994. Le zooplancton. [In:
Durand, J.R.; Guiral, D., and Zabi, G.S. (eds.). Environnement et
ressources aquatiques de Cote d’Ivoire, Tome II- Les milieux
lagunaires. Paris: Editions ORSTOM, pp. 155-188.

Arfi R., Pagano M. & Saint Jean L., 1987. Communautés
zooplanctoniques dans une lagune tropicale (la lagune Ebrié,
Cote  d'Ivoire):  Variations  spatio-temporelles.  Revue
d’Hydrobiologie Tropicale 20, 21-35.

Robertson A.I. & Blaber S.J.M., 1992. Plankton, epibenthos and
fish communities. /n : Robertson, A.L; Alongi, D.M. (eds.).
Tropical ~mangrove  ecosystem. Washington:  American
Geophysical Union, pp. 173-224.

Kimmerer W. & McKinnon A.D., 1989. Zooplankton in a
marine bay III. Evidence for influence of vertebrate predation on
distribution of two common copepods. Marine Ecology Progress
Series 53, 21-35.

Etilé N.R., Aka M.N., Kouassi A.M., Pagano M., N’douba V.
and Kouassi N.J., 2012. Spatiotemporal Variations in the
Abundance, Biomass, Fecundity, and Production of Oithona
brevicornis (Copepoda: Cyclopoida) in a West African Tropical
Coastal Lagoon (Grand-Lahou, Cote d’lIvoire). Zoological
Studies 51(5), 627-643.

Ara K., 2002. Temporal variability and production of Temora
turbinata (Copepoda : Calanoida) in the Cananeia Lagoon
estuarine system, Sao Paulo, Brazil. Scientia Marina 66(4), 399-
406.

Kibirige I. & Perissinotto R., 2003. The zooplankton community
of the Mpenjati Estury, a South African temporarily
open/claused system. Estuarine, Coastal and Shelf Science 58,
727-741.

Magalhies A., Nobre D.S.B., Bessa R.S.C., Pereira L.C.C. & Da
Costa R.M., 2011. Seasonal and short-term variations in the
copepod community of a shallow Amazon estuary (Taperagu,
Northern Brazil). Journal of Coastal Research 64, 1520-1524.
Nakajima R., Yoshida T., Othman B.H.R. & Toda T., 2008. Diel
variation in abundance, biomass and size composition of
zooplankton community over a coral-reef in Redang Island,
Malaysia. Plankton Benthos Research 3(4), 216-226.

Osore M.K.W., Mwaluma J.M., Fiers F. & Daro M.H., 2004.
Zooplankton composition and abundance in Mida Creek, Kenya.
Zoological Studies 43(2), 415-424.

Kouassi E., Pagano M., Saint-Jean L. & Sorbe J.C., 2006. Diel
vertical migrations and feeding behavior of the mysid
Rhopalophthalmus africana (Crustacea Mysidacea) in a
tropical lagoon (Ebrie, Cote d'Ivoire). Estuarine, Coastal and
Shelf Science 67(3), 355-368.

Rawlinson K.A., Davenport J. & Barnes D.K.A, 2004. Vertical
migration with respect to advection and stractification in a semi-
enclosed lough: a comparison of meso- and holozooplankton.
Marine Biology 144(5), 935-946.

Bayly L.AE., 1986. Aspects of diel vertical migration in
zooplankton and its enigma variations. /n: Deckker P.D. and
Williams W.D. (eds.). Limnology in Australia. Commonwealth
Scientific and Industrial Research Organisation. Melbourne,
Australia, p.349-368.

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

International Journal of Agriculture Innovations and Research

Volume 3, Issue 5, ISSN (Online) 2319-1473

Wooldridge T., 1999. Estuarine zooplankton community
structure and dynamic. /n : Allonson, B.R. and Baird, D. (eds.),
Estuaries of South Africa. Cambridge University Press,
Cambridge, UK pp. 141-166.

Froneman P.W., 2004. In situ feeding rates of the Copepods,
Pseudodiaptomus  hessei and Acartia longipatella, in a
temperate, temporarily open/closed Eastern Cape estuary. South
African Journal of Science 100, 577-583.

Zaret T.M. & Suffern J.S., 1976. Vertical migration in
zooplankton as a predator avoidance mechanism. Limnology and
Oceanography, 21, 804-813.

Perticarri A., Arcifa M.S. & Rodrigues R.A., 2004. Diel vertical
migration of copepods in a Brazilian Lake : A mechanism for
decreasing risk of Chaoborus predation? Brazilian Journal of
Biology 64(2), 289-298.

Hays G.C., Harris R.P. & Head R.N., 2001. Diel change in the
near-surface biomass of zooplankton and carbon content of
vertical migrants. Deep Sea Research Part I 48, 1063-1068.
Cervetto G., 1991. Migration verticale journaliere et
comportement alimentaire chez une population du Copépode
Acartia tonsa de 1’étang de Berre. DEA, Université d’Aix
Marseille III, 25 p.

Pagano M. & Saint-Jean L., 1985. Premieres données sur la
nutrition d’Acartia clausi en lagune Ebrié (Cote d’Ivoire)
obtenues par des mesures de fluorescences de broyats
d’animaux. Hydrobiologia 121, 83-95

Forward R.B., 1988. Diel vertical migrations zooplankton
photobiology and bahaviour. Oceanography and Marine Biology
Annual Review 26, 361-393.

Forward R.B., Cronin T.W. & Stearns D.E., 1984. Control of
diel vertical migration: photo reponse of larval crustacean.
Limnology and Oceanography 29, 146-154.

Moore M.V., Pierre S.M., Walsh HM., Kwalvik S.K. & Lin
J.D., 2000. Urban light pollution alters the diel vertical migration
of Daphnia. Verhandlungen der Internationalen Vareinigung fitr
Limnologie 27, 1-4.

Wold A. & Norbin F., 2004. Vertical migration as reponse to
UVR stres in Calanus firmarchias females and nauplii. Polar
Research 23(1), 27-34.

Bollens S.M. & Frost B.W., 1990. "UV light and vertical
distribution of the marine planktonic copepod Acartia hudsonica
Pinhey." Journal of Experimental Marine Biology and Ecology
137(2), 89-93.

Krumme U. & Liang T., 2004. Tidal induced change in a
copepod dominated zooplankton community in a macrotidal
mangrove channel in northern Brazil. Zoological Studies 45(2),
404-414.

Leite N.R., Magalhdes A., Palma M.B., Montes M.F., Pereira
L.C.C. & Da Costa RM. 2013. Diel variation in the
zooplankton of a highly dynamic Amazonian estuary. Journal of
Coastal Research 65, 1146-1151.

Morgado F.M., Pastorinho M.R., Quintaneiro C. & Ré P., 2006.
Vertical ~ distribution  of  trophic  structure  of the
macrozooplankton in a shallow temperate estuary (Ria de
Aveiro, Portugal). Scientia Marina 70(2), 177-188. ISSN: 0214-
8358.

Gognon M. & Lacroix G., 1981. Zooplankton sample variability
in a tidal estuary: an interpretative model. Limnology and
Oceanography 26(3), 401-413.

Copyright © 2015 IJAIR, All right reserved

1553



Dr. Raphael N’doua ETILE

Ph.D., Assistant, Lecturer and Researcher at
Hydrobiology Laboratory, UFR-Biosciences
University Félix Houphouét. Research focus
Hydrobiology.

Dr. Silvain Stanislas YAO

Ph.D., Assistant Professor, Lecturer and Researcher at Hydrobiology
Laboratory, UFR-Biosciences University Félix Houphouét d’Ivoire.
Research focus : Hydrobiology.

Dr. Marcel Aka KOUASSI

Ph.D., Senoir Research worker, Researcher at Center of
Oceanography Research (CRO), BPV 18 Abidjan, Coéte d’Ivoire
Research focus: Hydrobiology.

Dr. Maryse N’guessan AKA
Ph.D., Research Fellow, Researcher at Center of Oceanography Research
(CRO), BPV 18 Abidjan, Cote d’Ivoire. Research focus: Hydrobiology

Dr. Marc PAGANO

Ph.D., Professor, Researcher at Mediterranean Institute of Oceanography
(MIO), IRD, UMR 235, 13288 Marseille Cedex 09, France. Research
focus: Hydrobiology.

Prof. Valentin N’ DOUBA

Ph.D., Professor, Lecturer and Researcher at Hydrobiology Laboratory,
UFR-Biosciences, University Félix Houphouét Boigny. Research focus:
Hydrobiology.

International Journal of Agriculture Innovations and Research

Volume 3, Issue 5, ISSN (Online) 2319-1473

Copyright © 2015 IJAIR, All right reserved

1554



