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1. Introduction

Coastal zones are complex and fragile ecosystems
where the interaction between the marine and
terrestrial parts is manifest. Economic and social
issues have made them privileged areas for
human activities such as shipping, urbanisation,
industrialisation, tourism, fishing and maritime
transport (Ducotroy et al. 2016; Cereja et al. 2022).
The overall environmental problems of these areas
are linked to the convergence of several types of
pollution (physical, chemical, biological). In addition
to anthropogenic and natural pressures, coastal areas
are also vulnerable to climate change. (McLusky &
Elliott 2004; Suman et al. 2012; Ong & Ransangan 2018;
Cereja et al. 2021).

Cameroon, like other countries with an oceanic
coastline, is concerned about all of the above. Its
coastal zone is a geostrategic area judged from an
environmental, social and economic perspective
(MINEF-CMEF 2005; ENVI-REP Cmr 2011). Thus, in its
structuring plan, the State of Cameroon has located
numerous development and industrial projects on
the southern part of its Atlantic coast (the deepwater
port of Kribi, the Kribi gas power plant, several cement
factories, agro-industries, fisheries) (Folack et al. 2011).
Through all these existing infrastructures or those
under construction, Kribi has become an El Dorado
for job seekers, tourists, traders and many others.
Statistical models indicate that the population of the
three Cameroon Coastal Regions is expected to reach
6,751,890 in 2025 and 9,367,680 by 2050 (BUCREP
2010).

This rapid growth creates significant pressure on
these coastal and marine environments, marked by
water and soil pollution and mangrove destruction
(Ekane & Oben 2001; Djama 1992; Casé et al. 2008;
Folack 2010). The socio-economic value of Cameroon's
coastal ecosystems explains the fact that their
scientific study began quite early, with several specific
works (Monod 1928; Crosnier 1964). Some studies
on the assessment of estuarine biodiversity (Folack
et al. 2009, Fretey et al. 2022) and the dynamics of
fisheries in the Cameroonian estuarine systems
(Kebe et al. 1993; Djama 1994; Njifonjou 1998) has
been carried out. However, very few studies specific
to water quality in these environments have been
carried out despite all the services provided. Existing
information concerns the quantitative approach to
biodegradation in the freshwater-saltwater mixing
zone in the Sanaga and Nyong estuaries, and in the
rivers of the Douala Bay (Giresse & Cahet 1997; Fonge
et al. 2013; Mama et al. 2018; Mama et al. 2021).

However, water quality has an important influence

on aquatic life, biodiversity and, more specifically,
on phytoplankton, whose own changes can affect,
among other things, its biomass, specific diversity
and the biogeographical distribution of all species
in the environment (Herndndez-Farifas & Bacher
2015). Hence the emergency to monitor the water
resource for sustainable management (Singh et al.
2004; Yang et al. 2009; Oketola et al. 2013; Mama
et al. 2018). However, the monitoring of aquatic
environments has long been exclusively oriented
towards the measurement of the physicochemical
parameters of water. The limitations of these analyses
in assessing the state of health of hydrosystems are
recognised and stem from the fact that these analyses
characterise the environment at the time of sampling
and only provide very limited information on the
impact of pollutants on the health and functioning of
the ecosystem as a whole (Ruperd 1983; Blandin 1986).

A classical investigation of water quality therefore
requires the combination of physicochemical
variables and biological indicators (Jones et al. 2001;
Casé et al. 2008; Gharib et al. 2011; Mama et al. 2018),
in this case phytoplankton. Such a combination
generally provides information on the health of
estuarine waters and the conditions of evolution
(Samocha & Lawrence 1995; Soininen 2002; Casé
et al. 2008; Beyene et al. 2009). The choice of this
biological indicator is related to its essential role in
the functioning of the "biological pump" by fixing
atmospheric CO, and thus contributing to regulating
the Earth's climate (Tréguer et al. 2018; Owona et al.
2022), and also to phytoplankton primary production,
which is a dimensional factor in the natural
production of fish, molluscs and crustaceans, from
which the world's fisheries extract 110 million tonnes
each year (Zeller et al. 2018).

The Kienké River is very little documented.
To date, in addition to work on the monograph
of its watershed, it has been the subject of a few
hydrological and geochemical studies in its upstream
section (Olivry 1986; Liénou 2007). In the urban area
of Kribi, the data on hydrobiology are fragmentary
and refer only to either aquatic insects or freshwater
shrimp (Tchakonté et al. 2014a; Tchakonté et al.
2014b; Makombu et al. 2015; Makombu et al. 2019).
The present study was initiated to understand the
physicochemical and phytoplanktonic structure of
the Kienké estuary in relation to the anthropogenic
activities present and the fluvial and oceanic
influences (high and low tides). It aims firstly to
determine the physicochemical and phytoplanktonic
characteristics of the waters, and secondly to establish
the physicochemical and phytoplanktonic typologies
of the waters of the Kienké estuary.
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2. Materials and methods

2.1. Presentation of study area

The Kienké estuary is part of the Campo-Nyong
estuarine system of the Southern Atlantic Coast of
Cameroon. It crosses the urban area of the port city of
Kribi and is located between latitudes 02° 934' N and
02° 943' N and longitudes 09° 901" E and 09° 909' E
(Figure 1). This area is subject to a Guinean equatorial
climate, characterised by four seasons (Olivry 1986;
Dzana 2011; Mama et al. 2018). The vegetation is
diversified, with two major units: the Biafran forest,
which is secondary and old evergreen, and the coastal
forest composed of some degraded facies (fallows,
scrubby recrusions) and vegetation facies influenced
by the sea, such as monospecific plant formations with
Podococcus barteri (Letouzey 1985; Nlend 2014). The
geological formations of the area belong to two major
lithological and structural units, namely the Archean
core or basement of the Ntem, which is made up of
plutono-metamorphic rocks, and the sedimentary
formations. These weather to give soils of varying
thicknesses and essentially yellow and red ferralitic
soils crossed in places by hydromorphic soils (Lasserre
et al. 1979; Maurizot et al. 1986; Nlend 2014; Aye et al.
2017; Ndjigui et al. 2018; Soh Tamehe et al. 2018).

2.2. Methods

In this study, some criteria were taken into account
when choosing the sampling points on the site; among
others:

« turbulence, when two water masses meet and
there is the influence of the breakwater at the
entrance to the channel of the small port of Kribi;

« the probable influence of point and diffuse
sources of pollution from installations on the
banks;

« the representativeness of the points with regard
to environmental aspects likely to modify the
structure of the hydrosystem;

« the expansion of the water plume into the sea
after the mouth itself.

These criteria made it possible to define four
(04) sampling points that were used to measure
certain physicochemical parameters in-situ, to take
water samples for laboratory analysis, and to sample
phytoplankton during this study (Figure 1).

9°54'22"E

Figure 1

Study area in the Kienké river basin (a) and the sampling
points in the estuary (b)

2.3. Sampling campaigns and laboratory analysis

Water samples used for physicochemical and
biological analyses were collected between 2017 and
2018. All the seasons were covered during sampling
as presented by Mama et al. (2018). For each season
two samplings were carried out at each station during
low tide and high tide respectively. Surface water
was collected directly in a 1 | bottle. Deep water was
collected using a 1.5 | Niskin bottle. Water samples
destined for physicochemical analysis were stored
in 1 liter double-capped polyethylene bottles and
transported to the laboratory in an adiabatic enclosure
at4°C.

Physicochemical parameters were determined
by the Aminot & Chaussepied (1983) method
coupled with the standard methods of APHA
(2005). Temperature, pH, conductivity, salinity and
dissolved oxygen were recorded in-situ. Soluble
reactive inorganic phosphorous (PO,*), nitrites (NO,),
nitrates(NO,), ammonium (NH,*), Total Suspended
Solid (TSS), turbidity and Total Disolved solid (TDS)
were measured/analysed in the laboratory using
the spectrophotometer HACH DR/2800, following
the standard methods described by Strickland &
Parsons (1972), APHA (2005) and Rodier et al. (2009).
A total of 64 water samples were collected for the
phytoplankton analysis, 32 samples per tides. Surface
water (50cm) was collected using a 1.5 L bottle. These
samples were immediately fixed by lugol’s iodine
solution (5 ml), and left to stand for 24 hours, to allow
decantation (Sournia 1978). Then the concentrate
lower layer (25 ml) containing the sedimented algae
was used for algae identification and counting in a
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Malassez cell, using an Olympus optical microscope at
60x magnification. Identification of the phytoplankton
species followed relevant text books and publications,
including lltis (1980), Botes (2001), Gopinathan et al.
(2001), De Ba et al. (2006), Carmelo (1997), Verlencar &
Desai (2004) and Karlson (2010).

2.4. Data analysis
2.4.1. Specific richness

The specific richness (S) is defined as the total
number of identified species in a sample. This
parameter can be a distinctive criterion of ecosystems
or stations studied within a given ecosystem.

2.4.2. Statistical analysis

The influence of the tide on the various
physicochemical parameters studied was tested for
each station using the t-Student statistical test. To test
the effect of the space represented by the stations,
the analysis of variance with a classification criterion
(ANOVA 1) was used for each of the parameters and
for each of the tides (Sokal & Rohlf 1995; El Morhit et al.
2012).

Principal Component Analyses (PCA) was
conducted with the physicochemical data, and
given to group sampling stations according to their
environmental variables (Coakes et al. 2006, Amani
2012, Kaniz Fatema et al. 2014, N'Guessan et al. 2015,
Rakotondrabe et al. 2018).

Correspondence Factorial Analyses (CFA) were
performed with two aims: 1 — to give a synthetic
picture of the affinities between the different
populations of microalgae (phytoplankton), 2 - to
highlight the relationships/correspondences between
the taxa and the stations of the estuary (Daget 1979,

Matiatos et al. 2014). The method used, based on the
log10 (maximum abundance + 1) matrix, has been
shown to be the most valid and effective in terms of
the breakdown and dispersion of the scatterplots for
revealing the biotypic structure of estuaries (Dessier
1983, Lam Hoai et al. 1985, Jouffre et al. 1991, and
Tilston et al. 2000).

3. Results

3.1. Physico-chemical characteristics

3.1.1. Range of variation of the physicochemical
parameters

The physicochemical parameters variation of the
water of the Kienké estuary is presented in Table 1.
3.1.2. Spatiotemporal variation of the
physicochemical parameters

The level of the temporal variation of temperature,
electrical conductivity, pH, salinity, dissolved oxygen,
suspended particulate matter, nitrates, ammonium and
phosphate in the Kienké river estuary are shown below
(Figures 2, 3 and 4).

3.1.2.1. Temperature, Electrical Conductivity and pH

At low tide, the mean temperatures decrease
slightly away from the sea to the upstream part of
the estuary, from 27.64°C (K1) to 26.98°C (K4). During
high tide, the lowest mean temperature (27.18°C)
was observed at the K1 station, along with a wider
distribution of temporal values (Figure 2a). The
analysis of the variance of the two sea states does not
reveal any significant difference between stations

Table 1

Level of variation of physicochemical parameters in the Kienké estuary in Cameroon during the study period

Ave. £ 5D ____

Temp. - 27.39+233 27.75

_ 16.56 + 12.05 14.78
11.51+8.47 8.75
7.75+0.82 7.97
45.8+31.48 64.05
9.02+8.14 8.75
0.96 +0.56 0.9
0.13+0.25 0.01
0.81£0.77 0.6
0.56 +0.81 0.2

22.6
0.22 49.7 64
0 29.32 64
6 8.86 64
4.7 86.3 64
0 38 64
0 2.7 64
0 1.5 64
0 4 64
0 3.59 64

Min. (minimum); Max (maximum); Avg. (mean); Med. (median); SD (standard deviation); N (number of samples); PO, (Phosphate) ; NO, (nitrate); NO, (nitrite); NH,* (ammonium); SPM (suspended
Particulate Matter), pH (hydrogen potential); DO (dissolved oxygen); Sal (salinity); EC (electrical conductivity); Temp. (water temperature)
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Figure 2

Level of temporal variation of : (a) water temperature,
(b) water Electrical conductivity, (c) water pH in the
Kienké estuary

(p > 0.05). In the same way, the Student's t test reveals
no significant intra-station difference in the effect
of the tides (p > 0.05). The mean values of electrical
conductivity evolve in a decreasing horizontal gradient
downstream-upstream at low tide (29.94 to 6.19 mS
m™) and at high tide (33.50 to 14.06 mS cm™). The
ANOVA 1 test on the spatial effect appears highly
significant (p < 0.0001) during the sea water flow.
From K2 to K4, the temporal variability shows a larger
distribution during low tide compared to high tide.
The amplitude of variability is lower at high tide and
the spread of the boxes is less important, indicating
a lower temporal fluctuation related to the sea water
flow (Figure 2b). Conductivity varies significantly (p <
0.05) between the two tides at all stations except K1,
where this difference is not significant. Fluctuations
in pH are low during the flow of sea water into the
estuary, and significant during the ebb tide (Figure

2¢). Overall, the average pH values from downstream
to upstream show relatively neutral water at low tide
(7.47 to 7.80) and basic water at high tide (8.03 to 7.80).
The spatial effect is highly significant during the flow
(ANOVA 1, p < 0.0001). The tidal effect appeared to be
not significant at each station (t-test, p > 0.05).

3.1.2.2. Salinity, Disolved Oxygen and Suspended
Partuculed Matter

At a spatial level, the average salinity values at the
different stations evolve in a decreasing manner from
downstream to upstream. At low tide they range from
19.73% to 2.80% and at high tide from 25.01% to 5.92%
(Figure 3a). The effect of the tide was highlighted
by the Student's statistical test, which indicates a
significant (p < 0.05) difference at points K1 and K2 and
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w '*'- *** * T
Figure 3 -

Level of temporal variation of: (a) water salinity, (b) water
dissolved oxygen, (c) Suspended Particulate Matter in
the Kienké estuary
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highly significant (p < 0.01) at K3 and K4. The average
dissolved oxygen values vary slightly from one point to
another both at low tide (2.81 to 3.16 mg I') and at high
tide (3.41 to 4.12 mg I"). These values were below the
medians. The range of the whiskers shown in the figure
is spread out towards the minimum values, showing
here that the measurements tend more towards the
low values (Figure 3b). The ANOVA test shows high
significant difference during the flow. The amplitude of
the temporal variability is large at low tide.

During high tide, the distributions are smaller (K1,
K2 and K3) indicating that SPM values vary little over
time under the influence of sea water (Figure 3c).
Overall, the average SPM values are higher upstream
with 10.1 mg I7 at K3 and 10.2 mg I at K4 during low
tide. Similarly, during high tide we observe 10.2 mg I
at K3 and 10.4 mg I at K4. The Student's test does not
reveal any difference between the stations according
to the tide.

3.1.2.3. Nitrates, Ammonium and Phosphate

The nitrate average during high tide varied
between 0.46 and 0.97 mg I, while during low tide it
was between 0.63 and 1.63 mg | (Figure 4a). The box
plots show during both tidal cycles the distributions of
the temporal measurements tending towards above
average values. During the low tide the temporal
variability is low between points K2 and K3, while
K4 shows the maximum value of 2.6 mg I". Although
the average concentration evolves in an increasing
way from downstream to upstream, thus indicating a
horizontal gradient due to the arrival of marine waters,
the tidal effect appears to be insignificant (Student
test, p > 0.05). On a spatial scale, points K2 and K4
show little temporal variability due to the narrowing
of the boxes at low tide. It appears that during high
tide the means of points K2 (0.88 mg I), K3 (0.87 mg
I") and K4 (0.94 mg I) are above the median values,
with bins extended towards the larger ammonium
measurements. Station K1 shows an ammonium
depletion during the ebb tide of the order of 0.74 mg I”
compared to 1.06 mg |" above the median (Figure 4b).
The temporal variability appears to be very low at high
tide, due to the tight shape of the boxes, reflecting a
low dispersion of the phosphate values, despite the
presence of several atypical values at each point that
projects the means (0.50 to 0.83 mg I") well above the
medians (0.11 to 0.21 mg ). During the ebb tide, a low
temporal variability is observed at point K3, whereas
K1 has a larger box, resulting in a greater temporal
dispersion during the study (Figure 4c). A significant
spatial effect is revealed during the ebb (ANOVA 1, p <
0.05).
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Figure 4

Level of temporal variation of: (a) nitrates, (b)
ammonium, (c) phosphate in the Kienké estuary water

3.2. Phytoplankton characteristics of the waters in
the Kienké estuary

3.2.1. Phytoplankton diversity of composition

A total of 167 taxa were identified and divided
into five groups (Table 2). The Chrysophyta group
is the most diversified with 4 classes, 10 orders, 17
families, 30 genera, and 60 species. It is followed by the
Chlorophyta, Pyrrophyta, and Cyanophyta groups. The
less diversified group is the Euglenophyta group with 1
class, 1 order, 2 families, 6 genera and 13 species.




Table 2

Global taxonomic richness of phytoplankton in the
Kienké estuary

Division
Chrysophyta 4 10 17 30 60 36.36
Chlorophyta 4 12 13 23 47 28.48
Cyanophyta 1 4 7 15 29 17.57
Pyrrophyta 2 7 9 16 9.70
Euglénophyta 1 1 2 6 13 7.87
Total 12 31 46 83 165 100

3.2.2. Specific richness

The Kienke estuary is characterised by the
dominance of the class Diatomophyceae, which makes
up 32% of the total species richness. It is followed
by the classes Chlorophyceae (22%), Cyanophyceae
(20%), Dinophyceae (10%), Euglenophyceae (7%) and
Chrysophyceae (4%) (Figure 5).

1%

Chlorophyceae
22%

Diatomophyceae

) Cyanophyceae
Prasloﬁhvceae 1%
Characeae 1% 20%

Dinophyceae
10%

Biological spectrum defined according to phytoplankton

Mediophyceae 1%
Chrysophyceae
4%
Euglenophyceae
7%

Figure 5

classes

3.3. Spatiotemporal variations in the
phytoplankton composition in the estuary waters

3.3.1. Relative abundance

At low tide, the Diatomophyceae class dominates
the phytoplanktonic population of the estuary with
32%, followed by the Cyanophyceae class with 19%.
During high tide, the Chlorophyceae dominate
with 27% of the total abundance, followed by the
Cyanophyceae with 22%. The Dinophyceae class
increases from 7% during low tide to 10% during high
tide (Figure 6a). The Chrysophyceae class is absent
during high tide, but represents 3% during low tide
(Figure 6b).
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Variation of the biological spectrum of phytoplankton
according to the tides (A: Low Tide; B: High Tide)

3.3.2. Spatial and tidal variation in total taxonomic
richness and quality structure by algal classes

During low tide, point K3 is the richest with 53
species, followed by K1 with 52 species (Figure 7). It
can be seen that at the downstream point K1, placed
in the open sea, the class Diatomophyceae has 17
species, followed by Chlorophyceae (10 species),
Cyanophyceae (6 species), and Dinophyceae (3 species)
(Figure 8). At the K2 point, the classes Chlorophyceae
and Diatomophyceae have 14 species each, followed
by Cyanophyceae (12 species), Dinophyceae, (4 species)
and Euglenophyceae (3 species). In K3, the dominant
class is the Diatomophyceae with 19 taxa, followed by
the Chlorophyceae (13 species). The species richness
observed at the upstream point K4 is dominated by the
class of Diatomophyceae with 13 species and that of
Chlorophyceae (11 species).
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Spatial and tidal variation of the total specific richness in
the Kienké estuary (low tide = LT; high tide = HT)

During high tide, points K2 (64 species), K3 (65
species), and K4 (66 species) are the richest (Figure
7). At K1, the Dinophyceae and Cyanophyceae
classes each have 8 species (Figure 8). At K2, the
Chlorophyceae and Diatomophyceae each consist of
14 species. They are followed by the Cyanophyceae
with 12 species and the Dinophyceae (6 species).
Point K3 is dominated by the Chlorophyceae with 20
species, followed by the Diatomophyceae (19 taxa) and
Dinophyceae (2 species). At K4, the classes containing
more taxa are Chlorophyceae (15 taxa), Cyanophyceae
(16 taxa) and Diatomophyceae (13 taxa).

The Student's t-test reveals a highly significant
difference at high tide (p < 0.001) at points K2, K3 and
K4.

— e N
ONROARONERRS

Nomber of species

Phytoplankton Classes

K2

K3

mK4

Phytoplankton Classes

Figure 8
Specificrichness by phytoplankton classes and sampling
points (low tide = LT; high tide = HT)

3.4. Multivariate analysis

3.4.1. Principal component analysis of
physicochemical parameters of the water during low
tide

The examination of the correlation matrix between
the variables during low tide reveals the presence of a
first group of parameters that are correlated (0.7 < r <
0.9) to each other (Table 3). In this case, a significantly
positive correlation was observed between electrical
conductivity, salinity, and ammonium ions; between
pH, dissolved oxygen and nitrite ions; between
dissolved oxygen, suspended matter and nitrite ions,
and between suspended matter and nitrate ions. A
second group consists of variables with a medium
correlation (0.5 < r < 0.7): between salinity and
orthophosphate ions; between pH and suspended
matter; between dissolved oxygen and nitrite ions,
and between suspended matter and nitrite ions.
Furthermore, significantly negative correlations (r =
-0.6) were observed between the analysed parameters.
These are: the correlations between temperature
and nitrate ions; between electrical conductivity, pH,
dissolved oxygen, and suspended matter and nitrite
ions. In addition, a negative correlation is observed
between: salinity and pH, dissolved oxygen and nitrite
ions, pH with orthophosphate ions, dissolved oxygen
and ammonium ions, then dissolved oxygen and
orthophosphate, between ammonium and nitrite, and
finally between nitrite and orthophosphate.

In the case of Principal Component Analysis (PCA),
the first two principal components were taken into
consideration due to the large proportion of the total
variance they provide information on, i.e. 89.47%. The
F1 axis contains 68.27% of information and the F2 axis
contains 21.20% (Figure 9).

The organisation of the variables on the F1xF2
plane represented as a correlation circle revealed that
the F1 axis is expressed towards its positive pole by
salinity, electrical conductivity and ammonium ions.
These variables contribute strongly to its formation at
0.99, 0.98, and 0.75 correlation respectively (Figure 9A).
On the negative pole, it is expressed by the variables
that are strongly and negatively correlated to it,
namely pH (-0.96), dissolved oxygen (-0.95), SPM (-0.80)
and nitrite ions (-0.96). On the other hand, the F2 axis
is defined by temperature towards its positive pole
with a correlation of 0.95. Nitrate and orthophosphate
levels contribute to the formation of this axis towards
the negative pole with a correlation of -0.73 and -0.69
respectively (Figure 9A).

The simultaneous representation of the sampling
points and the abiotic variables reveals three groups
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Table 3

Correlation matrix of physicochemical parameters during low tide

_ emp. | & | st | on | 0o | sm | o | wo, | no; | ror |
B B e IV I Y T
Temp. C 1

mS cm™? 0.248 1

o |¥[m
HIHOI
-U I

0214 0999 1
" o o098 0995 1
0106 0933 0923 0904 1
SPM 0525  -0736  -0699 0629  0.835 1
[ e ) 0306 0813 0831  -0848 0553  -0.306 1
o, | ™ 0069  -0984  -0989 0994 0939 0655  -0.785 1
0899  -0.597 0561 0481 0526 0832  -0452 0446 1
0460 0572 0571  -0.583  -0.794  -0.511 0092  -0.671  0.031 1

PO, (Phosphate); NO, (nitrate); NO, (nitrite); NH,* (ammonium); SPM (Suspended Particulate Matter), pH (hydrogen potential); DO (Dissolved Oxygen); Sal. (Salinity); EC (Electrical Conductivity);
Temp. (water temperature)

on either side of the PCA plane (Figure 9B). Group | ammonium ions and nitrate ions. There are average
in the downstream zone around K1 is characterised correlations between the parameters (0.5 < r < 0.7),
by salinity, ammonium content and electrical namely: the temperature with ammonium ions and
conductivity. Group Il in the upstream zone around K3 nitrite ions; dissolved oxygen with SPM and nitrite ions;
and K4 is characterised by pH, dissolved oxygen, SPM, SPM with nitrate ions; ammonium ions and nitrite ions.
nitrate and nitrite levels. Group Il consists of point K2 Several other variables appear inversely correlated (r >
and is characterised by temperature (Figure 9B). -0.6).
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Figure 9

Correlation circle (A) and distribution of points with respect to their abiotic characteristics (B) in the F1 x F2 factorial
plane of the PCA in the estuary during low tide

3.4.2. Principal component analysis of the In the PCA design, the first two factorial axes (F1
physicochemical parameters of the water during and F2) express 87.92% of the total information during
high tide the study period at high tide (Figure 10). The F1 axis
contributes 63.06% and is strongly correlated on its

The correlation matrix of physicochemical variables positive pole to salinity (0.98), electrical conductivity
measured during high tide on the Kienké River shows a (0.97) and pH (0.79). At its negative pole, F1 is strongly
strong correlation between parameters (r > 0.7) (Table correlated to SPM (-0.80), dissolved oxygen (-0.76),
4). Among others, strong positive correlations were ammonium ions (-0.80), nitrites (-0.76) and nitrates

found between: electrical conductivity, salinity and pH; (-0.79). The F2 axis expresses 24.86% of the total




OCEANOLOGICAL AND HYDROBIOLOGICAL STUDIES, VOL. 52, NO. 1 | MARCH 2023

Table 4

Correlation matrix of physicochemical parameters during high tide

Variables

s e ||
1
| e | msom

-0.354 1

-0.403 0.997 1

0.064 0.907 0.878 1

0.230 -0.846 -0.815 -0.846

-0.078 -0.904 -0.881 -0.990

0.663 -0.687 -0.736 -0.386

0.790 -0.699 -0.708 -0.434

0.398 -0.724 -0.762 -0.532
PO, > -0.903 0.417 0.479 0.008

Temp. (water temperature)

variance and is defined by temperature (-0.77) towards
its negative pole. At its positive pole, the F2 axis is
positively correlated by orthophosphate ions (0.79)
(Figure 10.A).

The figure 10B shows the distribution of sampling
points with their physicochemical characteristics.
Three large groups of points emerge on this factorial
plane. The F1 axis discriminates the K3 and K4
points (group 1), characterised by dissolved oxygen,
suspended solids, nitrate ions, nitrite ions and
ammonium ions, in negative coordinates. The F1 axis
also isolates, but in its positive part, point K1 (group
Il), characterised by salinity, electrical conductivity and
pH. The F2 axis discriminates in negative coordinates
the point K2 (group lll), characterised by temperature,
which opposes orthoposphate ions (Figure 10).
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Figure 10

| temp. [ ec | sa | e | 0o [ sm [ we' [ wo, | no; | por |
I

mg I

1
0.772 1
0.247 0.456 1
0.769 0.365 0.502 1
0.246 0.621 0.950 0.312 1
-0.073 -0.053 -0.888 -0.585 -0.705 1

PO, (Phosphate); NO; (nitrate); NO, (nitrite); NH," (ammonium); SPM (Suspended Particulate Matter), pH (hydrogen potential); DO (Dissolved Oxygen); Sal. (Salinity); EC (Electrical Conductivity);

3.4.3. Correspondence Factor Analysis during low
tide

The two binary matrices processed, at low and
high tide, have 4 points X 71 taxa and 4 points x 74
taxa respectively. The correspondence between the
row points (sampling points) and the column points
(taxa) was sought in the flat graphical representations
produced by a system of factorial axes.

The first two axes (F1 and F2) of the CFA design
gives 78.37% of the information contained in the
Kienké low tide baseline data table. F1 alone explains
42.44% of the total inertia. Point K2 on the positive
pole of the first factorial axis contributes to its
explanation with 56.80% of the total inertia, and on the
negative pole K1 contributes 28.84% (Figure 11A).

5 4 3 2 -1 0 1

F1 (63,06 %)

Correlation circle (A) and distribution of points with respect to their abiotic characteristics (B) in the F1 x F2 factorial

plane of the PCA in the estuary during high tide
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Figure 11

Graphical representation of inventoried taxa and
sampling points (A) and asymmetric graph of the
distribution of taxa in a sampling point space (B) in the
F1 x F2 factorial plane of the CFA during low tide

The distribution of the scatterplot in the F1 x F2
factorial design shows 4 (four) groups on the F1 axis
(Figure 11A). These clusters are made up of taxon
items whose variance is strongly attributed to the
F1 factor in the F1 x F2 CFA design. On the negative
pole of F1, elements whose variance is due to F1 are :
Rivularia aquatica (Ra), Gomphonema olivaceum (Go),
Astasia torta (At), Peridinium pusillum (Pp), Ophiocytium
cochleare (Oc), Schizomeris leibleinii (Sl), Nitzschia
amphibia (Nam). This first group (group 1) has well
represented taxa (Cos® > 0.8) on F1. The second group
(group 1) Phacus suecicus (Psu), Euglena ehrenbergii
(Ee), Polyblepharides fragariiformis (Pf) and Rhizosolenia
iongiseta (Ri) has taxa also well represented (cos” = 0.7)
but far from the origin. At the positive pole, the taxa
related to this axis are respectively: Hapalosiphon sp.
(Hs), Hyalotheca mucosa (Hm), Anabaena flos-aquae
(Af), Helicotheca tamesis (Ht), (group Ill) with

well-represented elements (cos> = 0.7) and far from
the origin. Group IV is represented by taxa close to

the origin and very well represented on F1, which are :
Arthrodesrnus mucronulatus (Am), Chroococcus turgidus
(Ct), Amphidinium cucurbita (Ac), Ceratium declinatum
(Cd), Gonatozygon aculeatum (Ga), Mougeotia floridana
(Mfa), Chara vulgaris (Cv), Calothrix scytonemicola (Cs)
and Peridinium cinctum (Pc).

The F2 axis expresses 35.93% of the total inertia.
On the positive pole is identified the group (V) made
up of the following species: Pediastrum boryanum
(Pb), Phymatodocis irregulare (Pi), Ankistrodesmus sp.
(As), Oocystis lacustri (Ol), Toxarium undulatum (Tu), all
having a cos® > 0.90. Related to this axis are the species
Microcoleus lacustris (M), Ceratium hirundinella (Ch),
and Closterium aciculare (Ca), with a representation
having cos’e [0.60; 0.75]. On the negative pole, the
well represented taxa (cos® > 0.80) contribute well
to the construction of the axis. Here are the species
Dichotomosiphon  tuberosus  (Dtu),  Prorocentrum
micans  (Pm),  Gymnodinium rofundatum  (Gr),
Tetraspora gelatinosa (Tg), Hemiselmis virescens (Hv),
Closterium parvulum (Cp), Stephanodiscus astraea (Sas),
Aphanothece elabens (Ae), and Actinastrum hantzschii
(Ah).

The distribution of taxa in the space of the sample
points in the F1 x F2 plane of the CFA presented in
Figure 11B illustrates a first dimension which opposes
the point K4 to the point K2. In this dimension,
the group of microalgae composed of the species
Hapalosiphon sp. (Hs), Hyalotheca mucosa (Hm),
Anabaena flos-aquae (Af), Helicotheca tamesis (Ht),
and the group composed of the species Hantzschia
amphioxys (Ha), Calothrix scytonemicola (Cs), Microcystis
aeruginosa (Ma), Sorastrum spinulosum (Ss), Volvox
aureus (Va), and Staurodesmus validus (Sva), are the
most abundant at the point K2. The second dimension
contrasts K3 and K1. The largest proportion of K3 is
made up of the species: Synechococcus leopoliensis
(Sle), Prorocentrum micans (Pm), Stephanodiscus astraea
(Sas), Closterium parvulum (Cp), Dichotomosiphon
tuberosus (Dtu), Hemiselmis virescens (Hv), Tetraspora
gelatinosa (Tg), Goniochloris gigas (Gg), Aphanothece
elabens (Ae), Actinastrum hantzschii  (Ah). The
largest proportion of point K1 comes from the taxa
represented by the species: Thalassiosira lineata
(TIi), Surirella capronii (Sc), Lioloma pacificum (Lp),
Dictyosphaerium  pulchellum  (Dp), Navicula sp.
(Na), Raphidiopsis mediterranea (Rm), Mesotaenium
macrococcum (Mm) and Euglena viridis (Ev).

3.4.4. Correspondence Factorial Analysis during high
tide

The projection onto the plane of the CFA formed
by the F1 and F2 axes presents a representation of the
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cloud of sampling points and taxa during high tide
on the Kienké (Figure 12). These two axes represent
75.39% of the total variance at high tide, i.e. 43.78% for
the F1 axis and 31.60% for F2. On the positive pole of
the F1 factor, point K3 contributes relatively 72.06% to
the formation of F1. On the positive pole of the F2 axis,
the point K4 contributes 50.35% to the explanation of
the axis. On the negative pole, K1 contributes 49.28%
to the formation of this second axis.

From the F1 x F2 point cloud, we can see groups of
taxa on either side of the F1 and F2 axes (Figure 12A).
The F1 axis brings together at the negative pole group
I composed of the following species: Strombomonas
verrucosa (Sv), Aphanothece elabens (Ae), Cladophora
holsatica (Cho), Melosira granulata (Mg), Sphaeroeca
volvox (Svo), Rivularia aquatica (Ra), Mougeotia floridana
(Mf1), Colacium cyclopicola (Ccy), Hemidiscus cuneiformis
(Ho), Micractinium pusillum (Mp), and Tetraedron
muticum (Tm) well represented with cos®> = 0.9. On
the positive pole, we have group Il where the species
Navicula sp. (Na), Coelosphaerium conferium (Cco),
Sorastrum spinulosum (Ss), Cyclotella stelligera (Cs) are
related, and Ankistrodesmus sp. (As), Volvox aureus
(Va), Denticula thermalis (Dt), liemophora ehrenbergii
(Le), Stigeoclonium aestivale (Sa), and Thalassionema
frauenfeldii (Tf), represented on the factor with cos® =
0.6.

On the factorial axis F2, the positive pole is
constituted by group lll consisting of the following
taxa: Hapalosiphon sp. (Hs), Astasia torta (At),
Actinastrum hantzschii (Ah), and Kirchneriella obesa
(Ko), with 0.6 < cos” < 0.78, which are well represented.
On the negative pole of F2 the taxa best related to
this axis are grouped in IV, consisting of the species:
Pleurotaenium trabecula (Pt), Oscillatoria platensis (Op),
Spatulodinium cf. pseudonoctiluca (Sp), Closterium
aciculare (Ca), Raphidiopsis mediterranea (Rm) and then
Dichotomosiphon tuberosus (Dtu), Anabaenopsis arnoldii
(Aa), Coelastrum microporum (Cm), Coscinodiscus
excentricus (Ce), Dinobryon sertularia (Ds), Ceratium
hirundinella (Ch), Binuclearia eriensis (Be), Anabaena
flos-aquae (Af), and Noctiluca scintillans (Nsc). All taxa
related to this negative pole of the axis have cosine
values such that 0.6 < cos® < 0.78 (Figure 12A).

On the asymmetrical graph of taxa in the space
plane of the CFA sample points, a first dimension
appears which opposes K3 and K2 (Figure 12.B). The
clusters [Hemidiscus cuneiformis (Hc), Micractinium
pusillum (Mp), Tetraedron muticum (Tm)], [Navicula
sp (Na), Coelosphaerium conferium (Cco), Sorastrum
spinulosum (Ss), Cyclotella stelligera (Cs), Ankistrodesmus
sp (As), Volvox aureus (Va), Denticula thermalis (Dt),
Stigeoclonium aestivale (Sa), and Thalassionema
frauenfeldii (Tf)] have taxa that contribute to the
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Figure 12

Graphical representation of inventoried taxa and
sampling points (A) and asymmetric graph of the
distribution of taxa in a sampling point space (B) in the
F1 x F2 factorial plane of the CFA during high tide on
the Kienké

construction of the K3axis. The first subgroup has taxa
that contribute more, given their positions at the end
of the axis. The second dimension contrasts K4 and K1.
On K4, the phytoplankton assemblage Mesotaenium
macrococcum (Mm), Trentepohlia arborum (Ta),
Diploneis ovalis (Do), Mastigocladus sp. (Ms), Peridinium
pusillum (Pp), Peridinium cinctum (Pc), Micrasterias
foliacea (Mf), Dictyosphaerium and Pulchellum (Dp),
have a larger proportion but are close to the origin.
The subgroup [Dichotomosiphon tuberosus (Dtu),
Anabaenopsis arnoldii (Aa), Coelastrum microporum
(Cm), Coscinodiscus excentricus (Ce), Dinobryon sertularia
(Ds), Ceratium hirundinella (Ch), Binuclearia eriensis (Be),
Anabaena flos-aquae (Af), and Noctiluca scintillans
(Nsc)] presents taxa with larger proportions for the
constitution of K1, but all equally close to the origin.
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4, Discussion

4.1. Spatial and temporal variations in the
physicochemical parameters of the waters of the
Kienké estuary

The level of temperature variation is related to
the upstream-downstream extent of the estuary.
The mean temperature of 27.39°C obtained in the
Kienké estuary is typical of those obtained in other
tropical and subtropical estuaries (Kaberi et al. 2012;
Atanle et al. 2013; Davies & Ugwumba 2013; Mama
et al. 2018). The temporal evolution at high tide is
highly significant, a difference that would be justified
by the fact that the measurements were carried out
in a punctual way from one station to another and at
irregular times sometimes when the sun was at its
zenith along the estuary (Rossi 2008).

The arithmetic mean of the electrical conductivity
of the waters of the Kienké estuary, which is higher
than the median, reflects a greater mineralization
due to the influence of the sea (tides, swells and
waves) along the channel. The spatial effect is highly
significant, with a difference of concentrations
between upstream and downstream. This difference
could be explained by the influence of the marine
waters, which mineralise the estuaries (EI Morhit et
al. 2012). The tidal effect is significant in the majority
of the Kienké points, except for K1. This could be
justified by the influence of the sea flow which
increases chloride ion concentrations in this part of the
estuary (Fatema et al. 2014). This influence allows for a
decreasing mineralization gradient from upstream to
downstream and dilution by freshwater inputs from
upstream.

The waters pH show low values (6) in the limnic
domains and fairly high values (8.86) in the haline
domains. The waters thus show a variable pH with
probable fluctuations in salinity that follow the tidal
cycle for basic waters and probably fluctuations in
organic load for acidic waters. The mean pH is globally
between 747 and 8.03 (alkaline) at all stations due
to the buffering effect of the sea water. The shallow
slope of the channel of the river port on the Kienké
would justify the fact that the seawater dilutes the
fresh water of the river up to the upstream limit where
there is a waterfall. During high tide, the amplitude of
pH variability is low in K1 and K2 due to the intrusion
of sea water. A similar result was obtained by Sanaa
(2006) showing that the low ranges of the whiskers are
due to a minimisation of the pH fluctuations in time
during the flow in the downstream part in contact
with the sea water. On the other hand, in K3 and K4,
the extent of the whiskers appears wide during the

flow, indicating a strong fluctuation of the pH values
in time due certainly due to the inflow of wastewater
from the sewers of the military camp and the merchant
navy which are close to K3, and also from the run-off
water coming from the installations of the company
CECOPAK. These domestic water intrusions tend to
decrease the pH values.

Salinity is an important parameter in estuaries that
varies according to the tidal range on one side and the
river flow on the other. The Kienké estuary appears
to be a mesohaline environment with an average of
11.51 PSU (McLusky 1981; DREAL 2013). The spatial
effect was observed to be highly significant (p < 0.01)
with respect to the tidal alternation. The presence of
the cascade upstream of the harbour channel on the
Kienké River makes the tide the main driver of the
estuarine hydrodynamics at high tide where, during
the flood currents, the mean salinity describes a
decreasing downstream-upstream gradient from 25.01
PSU to 5.92 PSU. Although the amplitudes of variability
are small at upstream points K2, K3 and K4, the salinity
averages reveal a more significant temporal influence
of seawater over the two tidal cycles. The difference
due to the tide was found to be highly significant
(P<0.01). A better homogeneity due to the mixing of
the water during the flood is noticeable upstream of
K1. Fluctuations in salinity as a function of river flow
and tidal dynamics from downstream to upstream
were also observed on Lake Noukoué in Benin (Mama
2010), and on the Sassandre estuary in Ivory Coast
(N'Guessan 2015).

The percentage of dissolved oxygen saturation
increases in the Kienké estuary during floods. This
result is similar to those obtained in the Bou Regreg
estuary (Mayif 1987; Cheggour 1988). The amplitudes
of variability appear to be identical, with wide whiskers
that reflect the strong temporal fluctuation of the
oxygen.

SPM are generally low and range from 0 to 38
mg/| with an average of 9.09 £ 8.14 mg I". The values
observed are generally lower than those of the SPM
obtained upstream of the coastal rivers south of
the Sanaga in the forest zone (Ndam Ngoupayou
1997; Lienou 2007; Nkoue 2008) and on the Kienké
at Kribi (Lienou 2007). These low SPM contents in
the Kienké estuary waters are linked to the marine
influence, which is a clogging and sedimentation
factor in these environments (Avoine et al. 1985; El
Morhit et al. 2012). The mean concentrations of SPM
contained in the water increase from downstream
to upstream during both low and high tides. This
gradient was observed by Amzough (1999) in the
Oum Er-rbia estuary in Morocco, and by Maia & Clavier
(2000) in the Sinnamary estuary in French Guiana.
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The upstream waters are more loaded due to faecal
debris, degradation of the banks, plant debris and the
resuspension of slowly settling fine sediments by the
tidal currents (Gordon 1975; Baillie & Wels 1980). The
abundance of phytoplankton upstream also favours
SPM loading. Indeed, phytoplankton represents a
significant part of the native SPM in tropical estuaries
(Gobin 1987). The morphology of the river bed with
the presence of a waterfall and riprap that creates
significant turbulence during the circulation of water
upstream of the estuary, could also be responsible for
this high SPM load.

Nutrient salts are elements used for assessing
the state and functioning of the environment over
time. Nitrogen in its ammonium, nitrite, nitrate and
phosphorus forms were analysed in this study.

Nitrogenous  nitrogen levels were lower
downstream than upstream due to the dilution
factor of the sea and the oxygenation of the water
These favour the oxidation of nitrites into nitrates.
The flow current moves the pollutant load upstream,
combined with the suspension of organic matter by
the turbulence of the environment.

Nitrate levels in the Kienké estuary are low during
both tidal cycles (4 mg I" and 2.5 mg I). They are
far from the levels obtained in some of Cameroon's
estuaries, notably the Moungo and Douala estuaries,
where they are of the order of 11 mg I, inherent to
more significant domestic and industrial inputs or even
leaching from cultivated soils (Fonge et al. 2012).

Waters rich in organic matter are characterised by
high levels of ammoniacal nitrogen, which represents
the product of their degradation. This form of nitrogen
is preferentially assimilated by phytoplankton
compared to nitrates (Berman et al. 1984). The Kienké
estuary benefits, in addition to the fluvial input from
the upper river, from enrichment by wastewater runoff
in the lower part of the estuary, which crosses the town
of Kribi. This is in addition to the wastewater effluents
from the restoration activities on the right bank of the
estuary. A similar result was observed in the Douala
estuary in Cameroon (Fonge et al. 2013).

The significant tidal effect on phosphorus averages
calculated on the Kienké is remarkable for the weak
distribution from upstream to downstream due to the
stabilising capacity of the marine water introduced by
the flow (Chambers & Odum 1990; Sanaa 2006). The
input of orthophosphate ions into the environment
is due to the leaching of the crossed soils, the
decomposition of organic matter, and the phosphates
which can come from the car wash in the car parks of
the military camp and the administrative campus of
the autonomous port of Kribi, all on the left bank of
the estuary.

4.2, Spatiotemporal variations of phytoplankton in
the waters of the Kienké estuary

The aim was to analyse variations in space and time
in the taxonomic composition and structuring of the
phytoplankton taxa identified in the Kienké estuary.

The Kienké estuary ecosystem, with 167 taxa,
remains less diverse overall compared to the results of
Sanaa (2006) on the Bou Regreg estuary in Morroco,
where 307 taxa were collected, and Akoma's (2008) in
the Imo River estuary in Nigeria, where 221 taxa were
collected. However, the floristic list identified on the
Kienke cannot be considered exhaustive.

Of the 5 groups of microalgae identified in all
samples collected in this work, the Chrysophyta and
Chlorophyta groups were the most abundant in the
Kienké estuary (36.36% and 28.42%, respectively). This
predominance is similar to results obtained in other
tropical estuarine environments (Akoma 2008; Okosisi
et al. 2012; Fonge et al. 2013; Mama et al. 2016; Mama
et al. 2018). This predominance denotes the ability
to survive and reproduce in a brackish and turbulent
environment although chlorophyta, freshwater green
algae, are less tolerant to salinity (Opute 2000).

The classes Diatomophyceae and Chlorophyceae
were the most prominent in this ecosystem.
Diatomophyceae led the way with 32% of the
total species richness. The Diatomophyceae and
Clorophyceae are globally heterogeneous classes of
microalgae with species represented in all stations.
This result corroborates those of some authors in
estuarine ecosystems such as the Bou Regreg estuary
(Sanaa 2006), Sundarbans (Suman et al. 2012) and Bahia
Blanca (Arias et al. 2012).

In the Kienké estuary, the effect of the rising tide
increases the number of Dinophyceae cells on the
detriment of the other classes of microalgae, except for
the Diatomophyceae, which always retain the upper
hand during high tide. The qualitative predominance
of the Diatomophyceae at high and low tide depend
on the genus Amphora, Cocconeis, Licmophora and
Nitzschia. The shallow depth of the estuary is the
reason for this. It facilitates the resuspension of the
sediment and the microphytobenthos it harbours
(Tolomio et al. 1992; Mama et al. 2016).

From the point of view of habitat type affinity, in
the Kienké estuary, exclusively marine taxa dominate
downstream. Species indifferent to habitat type are
distributed throughout the study site. The total species
richness increases from downstream to upstream
during high tide. The water of the sea flow suspends
the benthic and terrestrial organisms found in the
upstream sector of the study area. This is an open area
at low tide where anthropogenic activities are likely
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to enrich the environment with organic matter that
favours the proliferation of micro-algae.

The distribution, composition and diversity of
phytoplankton organisms in the Kienké estuary are
influenced by the nutrient concentrations, location
and the physical nature of the environment. This has
an impact on the quality of the ecosystem (Reid 1961;
Fonge et al. 2012).

4.3. Physicochemical functioning of the estuary

In the Kienké estuary, strong correlations are
observed between some physicochemical variables
(salinity, conductivity, pH and ammonium ions) during
low and high tide indicating that the evolution of
the latter is driven by the process of marine water
intrusion into the river. This result is similar to that
found in the Merbock estuary in Malaysia (Muduli et
al. 2011; Kaniz-Fatema et al. 2014). The PCAs conducted
in the Kienké estuary during the flood and ebb tides
show sampling points that are distributed along the
F1 factorial axis. This distribution shows that during
low tide, salinity, conductivity and ammonium are
opposite to the pH, dissolved oxygen, nitrite and SS.
The arrangement of the points on the factorial plane
reflects a hierarchical progression from upstream
to downstream of the river channel of the Kienké
harbour. The F1 axis defines a mineralization gradient,
or enrichment in dissolved salts, from the positive pole
to the negative pole. The negative correlation between
this first factorial axis and the elements grouped at
the negative pole reflects an enrichment in organic
matter and nutrient salts. This organic matter could be
linked to the pollutant load due to anthropic activities
on both sides of the river, which would be responsible
for the acidic trend of the waters upstream (Bhat et al.
2015; Kokoette & Aniefiok 2016).

The negative correlation between dissolved
oxygen and the principal component, F1, during
low and high tide indicates a state of pollution in
the upstream sector of the study site. On the other
hand, during ebb tide, point K4, which contributes
more to the construction of the factorial axis F2 of
the PCA, becomes individualised. This factorial is
essentially determined by the temperature on the
positive pole and nitrate and orthophosphate ions
on the negative pole. During the flow, the F2 axis is
determined by temperature, this time on the negative
pole, and orthophosphate ions on the positive pole.
These parameters evolve in opposite directions each
time. This is because the temperature rise is spatial
and not temporal and therefore varies from place to
place. Under marine influence, the river temperature
decreases, while the SPM, and the orthophosphate

content, increase due to current and wave movement
phenomena (Rossi 2008).

4.4. Interaction between the biological
compartment and the physical and chemical
conditions of the estuary

The qualitative composition of microalgae depends
on the physicochemical characteristics of the water.
The sub-groups of micro-algae are constituted
according to the adaptation to the characteristics of
the environment. At low tide on the Kienké, we find
on the negative side of the F1 factorial axis in the F1 x
F2 plane of the CFA, the subgroup made up of Phacus
suecicus (Psu), Euglena ehrenbergii (Ee), Polyblepharides
fragariiformis (Pf) and Rhizosolenia iongiseta (Ri) These
taxa are fresh water taxa that adapt to salt water.
Belonging to the same factorial plane as K4 and Ki,
they would have been transported downstream by
the river current. According to Gupta (2009), these
taxa proliferate in brackish and chlorinated waters of
estuaries.

The Ee and Pf species are species that proliferate in
environments rich in organic matter and sometimes
they are able to adapt to oligotrophic environments
(Alves-da-Silva & Menezes 2010). The subgroup
containing the species Gomphonema olivaceum
(Go, freshwater diatom), Nitzschia amphibia (Nam,
freshwater and brackish diatom tolerant of high
organic pollution), Peridinium pusillum (Pp, freshwater
dynophyta), and Schizomeris leibleinii (Sl, freshwater
chlorophyta) were grouped around the origin of the
axes, showing that they can be found everywhere in
the channel of the Kienké harbour.

The clustering of these taxa is similar to the results
of Issifou et al. (2014) in coastal rivers of Togo. On the
positive side of F1, the dominant subgroup consists of
the species Hapalosiphon sp. (Hs), Hyalotheca mucosa
(Hm), Anabaena flos-aquae (Af), Helicotheca tamesis
(Ht), and the Cyanophyta (anabaena flos-aquae and
Hapalosiphon sp.). This could be justified by their
ability to tolerate variations in salinity and organic
pollution (Rachana & Meenakshi 2016). The second
subgroup, the Dinophyta species (Amphidinium
cucurbita, Ceratium declinatum), taxa of marine waters,
and Chlorophyta (Gonatozygon aculeatum) and
Cyanophyta (Chroococcus turgidus), taxa of brackish
waters, were found throughout the estuary. These
microalgae prefer environments rich in dissolved salts,
oxygenated and basic waters (Fernando Gomez 2005).

On the negative pole of the F2 factor are gathered
the taxa from the K4 and K3 sampling points.
These microalgae consist of marine species such as
Gymnodinium rotundatum (Gr), Hemiselmis virescens
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(Hv), and Prorocentrum micans (Pm) that can live in
freshwater (Steidinger & Tangen 1996; Issifou et al.
2014; Yuri 2014). In this assemblage are freshwater but
benthic species such as Dichotomosiphon Tuberosur
(Dtu), Aphanothece elebens (Ae), and Closterium
parvulum (Cp). According to Kadiri (1999), these taxa
characterise environments rich in organic matter and
nutritive salts. On the positive pole of axis F2 we have
taxa from points K1 and K2 consisting of species such
as Phymatodocis irregulare (Pi) and Toxarium undulatum
(Tu), which are marine species tolerant of low pH and
that can be found in shallow depths (Dembowska et al.
2018).

During high tide in the Kienké estuary, due to the
rising tidal current, point K3 receives the same taxa as
observed at stations K1 and K2 during low tide. The
scatterplot of taxa in the F1 x F2 CFA planes indicates
some floristic heterogeneity in the waters at K1, K2 and
K3.

The floristic groups on the positive pole of F1
in the F1 x F2 plane include freshwater, brackish
and marine taxa. Amongst others, freshwater taxa
such as Micractinium pusillum (Mp) and Tetraedron
muticum (Tm) of the Chlorophyta group have been
identified. There are also marine species such as
Hemidiscus cuneiformis (Hc) which arrived in the
rising waters of the flood. The coexistence of these
microalgae has been observed in the estuary due
to the ability of Chlorophyta green algae to adapt
to turbid waters and also their ability to use organic
matter (Bouarab et al. 2004; Costa et al. 2009; Barroso
et al. 2017). The subgroup consisting of Diatoms
(Denticula thermalis (Dt), Navicula sp. (Na), Cyclotella
stelligera (Cs)), Chlorophyta (Coelosphaerium conferium
(Cco), Sorastrum spinulosum (Ss), Ankistrodesmus sp.
(As), Volvox aureus (Va), Stigeoclonium aestivale (Sa),
Thalassionema frauenfeldii (Tf)), and all freshwater
species, is characterised by high salinity tolerance
(Compere & Riaux-Gobin 2009). The taxon assemblage
on the negative pole of F1 is composed of a mixture of
Chrysophyta, Chlorophyta and Euglenophyta. These
taxonomic groups preferentially contain freshwater
and benthic species.

The assemblage of taxa on the negative pole of
the F2 axis consists of the subgroup comprising the
freshwater Cyanophyta (Oscillatoria platensis (Op)),
the freshwater Charophyta (Pleurotaenium trabecula
(P1)), the Dinophyta (Spatulodinium cf. pseudonoctiluca
(Sp)), and the Chrysophyta (Closterium aciculare
(Ca)). The subgroup consisting of Dichotomosiphon
tuberosus (Dtu), Anabaenopsis arnoldii (Aa), Coelastrum
microporum (Cm), Coscinodiscus excentricus (Ce),
Dinobryon sertularia (Ds), Ceratium hirundinella (Ch),
Binuclearia eriensis (Be), Anabaena flos-aquae (Af),

and Noctiluca scintillans (Nsc), includes species that
are mostly microalgae of tropical rivers that can
tolerate organic pollution and adapt to environmental
fluctuations (Kiorboe & Tetelman 1998).

The subgroup of taxa on the positive pole of F2
includes microalgae from the Chlorophyta division
(Hapalosiphon sp. (Hs), Actinastrum hantzschii (Ah), and
Kirchneriella obesa (Ko)) and the Euglenophyta division
(Astasia torta (At)). These are the freshwater taxa,
indicative of organic pollution and likely to tolerate the
enrichment in dissolved salts observable in intertidal
waters such as estuaries and lagoons (Nwankwo 1996;
Kokoette & Aniefiok 2016). The positive pole subgroup
includes the freshwater blue and brown algae
Dictyosphaerium pulchellum (Dp), Micrasterias foliacea
(Mf), Mastigocladus sp. (Ms), Trentepohlia arborum
(Ta), Diploneis ovalis (Do), Mesotaenium macrococcum
(Mm), Peridinium pusillum (Pp), and Merismopedia
elegans (Me). These are species that fix nitrogen in the
presence of light, and they were collected in the K4
well oxygenated environment (Houssou et al. 2016).

The floristic assemblages in the F1 x F2 factorial
designs from the Kienké data matrix during high tide
are made up of taxa that contribute to the formation of
the factorial axes and are more or less well represented
on these main axes. The asymmetric plots of taxon
distribution in the sample point plane illustrate the
distance and relationship between taxa in different
subgroups.

5. Conclusion

The Kienké estuary in Cameroon is characterized
by instability and spatio-temporal variations of
physicochemical parameters. Nutrients (@mmonium,
nitrites, nitrates and orthophosphates) vary very little
in terms of space and time. They are relatively low in
both estuaries with a longitudinal distribution that
is controlled by the tidal flows, river flows and the
biological pump. This estuary is characterized by a
relatively rich and diverse taxonomic composition
that varies in space and time and according to the
tides. The cohabitation of taxa reveals eutrophic
estuarine waters in the points located in the
upstream part, and oligotrophic in the points
located downstream. This structuring shows that
the upstream areas are enriched with nitrogen from
river inputs and the decomposition of organic matter,
while the downstream areas, where salinization
makes light available in the water column, contain
species that tolerate a certain rate of nutrient
poverty. The environmental factors that control the
hydrobiogeochemical functioning of the Kienké
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estuary are mainly represented by ocean and river
dynamics and human activities.
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