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Abstract

The high anthropogenic pressure Bandama River is undergoing is relatively of concern. Considering that the
aforementioned actions could constitute a factor of imbalance in the functioning of the ecosystem, this study
was carried out with the aim of determining the effect of anthropogenic pressure on the phytoplankton
community. We analyzed the spatial variation of phytoplankton biovolume and its relationship with abiotic
factors by sampling in six stations established on the two mains tributaries of Bandama river once a month
from October 2019 to August 2020. The results showed that except dissolved oxygen, conductivity and water
depth, the other physicochemical parameters did not vary significantly from one station to another. The
total biovolume was dominated by the phyla of Chlorophyta 2.81.107mms3/L, Charophyta and Euglenozoa
1.63.10’mms3/L and 1.53.107mm3/L respectively. The lowest average biovolume (5.34.104+3.67.104mm3/L)
was determined at station S6 and the highest (3.15.105+3.03.105mm3/L) at the station of lake Kossou
upstream of the dike (S1). Station S6, which is located at the confluence of the two arms of Bandama river
although having the lowest biovolume, presents the greatest regularity and stability of phytoplankton
communities. From the redundancy analysis (RDA), it appears that the largest biovolumes are weakly linked
to the high concentrations of nitrogen, phosphorus, nitrate and nitrite in the environment. However, the
transparency of the water and the dissolved oxygen are the factors discriminating the quantity of biomass.
Phytoplankton, although having environmental preferences, this study made it possible to establish a

negative correlation between a high phytoplankton biomass and the concentration salts.

*Cortesponding Author: Ako Djiproh Marie-michael P<| dmariemichael@yahoo.com
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Introduction

Aquatic ecosystems are essential components of the
global environment. In addition to being essential
contributors to  biodiversity and ecological
productivity, they also provide various services to
humans, including drinking water, agricultural
irrigation water, fisheries as well as recreational
opportunities. ~ Unfortunately, this system is
increasingly threatened by anthropogenic industrial
and urban activities leading to an imbalance in its
functioning (Riquier et al., 2015). In Cote d’Ivoire, the
Bandama river does not remain isolated from these
anthropogenic pressures. Indeed, housing two large
hydroelectric dams (Kossou and Taabo) as well as
numerous hydro-agricultural dams, this river is
among the natural environments strongly
participating in the socio-economic development of
Cote d'Ivoire thanks to the development of fishing
activities and agriculture (Avit et al., 1999). The part
of this river in Marahoué region, is particularly
subject to acute anthropogenic activities such as
clandestine gold panning, industrial and domestic
discharges. Moreover, the Kossou hydroelectric dam
is settled on this region (Konan et al., 2015). For such
a crucial ecosystem in the socio-economic
development of Cote d'Ivoire, continuous and
sufficient monitoring seems important for its
preservation. Indeed, several studies, including those
related to the phytoplankton community have been
carried out in this watershed Lozo et al. (2013),
Konan et al. (2015) and Adon et al. (2017). The
trophic status and biological functioning still remain
relatively poorly to characterize the structure of
phytoplankton assemblages and determine the effect
of anthropogenic pressure on this phytoplankton

community.

Materials and methods

Sampling stations

Sampling was carried out monthly from October 2019
to August 2020. Six (6) stations were sampled on two
tributaries of the Bandama river (Bandama Blanc and
Bandama Rouge) covering the Marahoué region and

at their melting zone. The sampling stations were

chosen taking into account the accessibility, the
anthropization level of the streambanks, and human
activities in the vicinity of the stream such as gold
panning and presence of industrial or domestic waste.
Sampling station S1 is located on Lake Kossou, close
to the Kossou hydroelectric dam. This station is
bordered by fishing camps and is subject to domestic
activities. Station S2 is located on the riverine section
just after the dam of Kossou hydroelectric dam. This
station is overgrown with more or less well-preserved
vegetation. There are also plantations and gold
panning activities on the left bank downstream of this
station. Station S3 is located near the village of
Bambakro. In addition to the domestic activities that
take place there (washing, doing the dishes) and
bathing, this station is also the site of intense gold
panning activity. These three stations (S1, S2, S3) are
located on the Bandama Blanc tributary. Stations S4
and S5 are located on the Bandama Rouge tributary.
Station S4 is located near Zuénoula beneath the
bridge settled on the Bandama river. Plantations and
sparse forest can be seen all along this station. This
station is receiving industrial discharges further in
upstream. Station S5 is located between Zuenoula and
Bouaflé. The banks of this station are occupied by
stretches of forest and plantations. No gold-panning
activity was noted at this station, station S6 is located
at the confluence of the two tributaries (Bandama
Blanc and Bandama Rouge). This site is bordered by
an open forest and an area developed for leisure
activities. However, on the opposite bank to this
recreation area, gold-panning activities have been
carried out on the streambank. The study area and

stations are shown in Fig. 1.
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Fig. 1. Map showing sampling stations
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Measurement of abiotic parameters

Temperature (°C), pH, conductivity (uS/cm), and
oxygen (mg/1) were measured in situ at each station
using a Hanna multiparameter. Water transparency
was determined using a Secchi disc. The depth of the
stations was estimated using a graduated weighted
rope. The water samples for the nutrients analysis
were taken in 1L polypropylene bottles at each
station, carefully labelled and kept cool in a cooler
containing ice so that they could be kept at optimum
temperature in the field. These samples were then
sent to the laboratory for determination of the
nutrients such as nitrite (mg/1), nitrate (mg/1), total
phosphorus (mg/l) and ammonium (mg/l) in

accordance with AFNOR standards (1997).

Phytoplankton sampling

The integrated sampling using device has been used
applying the pipe technique in the euphotic zone. All
the samples taken were collected and stored in
pillboxes, then identified and fixed with formaldehyde
at a final concentration of 5% before being sent to the
laboratory for further analysis (Laplace-Treyture et

al., 2009).

Phytoplankton analysis in the laboratory

In the laboratory, the analysis consisted in identifying
and counting the phytoplankton in water samples. In
order to determine the phytoplankton diversity, slides
were mounted and observed under an Optika upright
optical microscope. The taxa observed were measured
with a micrometer, then identified and photographed
to validate the identification. Counting was carried
out under an Optika inverted optical microscope
using the Utermohl method (1958) after
sedimentation of the samples in 10 and 25 ml tanks
with sedimentation times of 12 and 24 hours
in 35
randomly selected fields without repetition. In
accordance with AFNOR standard NF EN 15204/T

respectively. Individuals were counted

90-379, a counting accuracy of 5% was achieved by
counting at least 400 algal individuals, wherever
possible. Taxa were identified using a combination of

identification books and scientific articles: Bourrelly

(1981, 1985, 1990), Compére (1974, 1975, 1977), Couté
and Bernard (2001), Couté and Chauveau (1994)
Komarek and Anagnostidis (2000, 2005), John et al.
(2002) and a taxonomic check on the Algaebase

website consulted on 21 June 2023.

Determination of biovolume

Biovolume was obtained using the following formula:
Biovolume (mms3/L) = (specific biovolume (um3/ind)
x density (ind/mL))*10°®. It reflects the occupancy of
the different species in the environment (Laplace-
Treyture et al., 2009). Individual biovolume was

calculated using the method of Gabor et al. (2021).

Determination of the Shannon diversity index and
the Pielou equitability index

The Shannon diversity index (H’) for measuring the
degree of organization of the population, it calculated

according to the relation

S: the species richness of the sample; N: total
biovolume; ni: biovulume of species i, the Pielou
evenness it calculated to the relation
H'
"The

H’: Shannon diversity index; S: the species richness

It is between 0 and 1. It tends towards 0 when almost
all the numbers are concentrated on one species and
towards 1 when all the species have the same

abundance.

Statistical treatments

Descriptive analyzes were carried out on abiotic
parameters, biovolumes as well as alpha diversity
indices for  their spatial characterizations.
Subsequently, a Redundancy Analysis (RDA) was
carried out to relate the phytoplankton biovolumes to
environmental variables. Statistical analyzes were
carried out using Paleontological Statistics (PAST)

v4.11 software and CANOCO for Windows 4.5.
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Results

Physico-chemical analysis results

The physicochemical data recorded during this study
did not vary significantly with the exception of
dissolved oxygen, conductivity and depth. Stations S1,
S2 and S3 were significantly more oxygenated than
stations S4, S5 and S6 (Kruskal-Wallis p > 0.05). For
conductivity, stations Si, S2, S6 and S3 have
significantly lower conductivity than stations S4 and
S5 (Kruskal-Wallis p<0.05). Regarding depth, the
stations with significantly higher depths were S1 and
S2 (Kruskal-Wallis p < 0.05) (Table 1).

Analysis of total phytoplankton biovolume in the
whole study area

The total biovolume of phytoplankton determined
was 7.54.10°mm3/L. The Chlorophyta phylum with
(34,07%)
biovolume. they

dominate the total
followed by

2.81.107mms3/L

phytoplankton

Table 1. Spatial variation in physico-chemical parameters

Charophyta and Euglenozoa with 1.63.107’mms3/L and
1.53.107mm3/L respectively (20% and 19%). The
Cyanobacteria  phylum, with  9.71.10°mms3/L,
contribute to 11,76% of the total biovolume. The
biovolume of Bacillariophyta is 9.39.10°mm3/L
(11.33%). The lowest biovolumes were obtained from
Miozoa 3.62.10°mm3/L (4,38%) and Ochrophyta

4.77.104 mm3/L (0,05%) (Fig. 2).

Spatial variation of phytoplankton biovolume in
Bandama river

There is no significant difference between the
phytaplankton sample medians (Kruskal-Wallis p>
0.05). The highest median biovolume was obtained at
station S1 (2.30.10® mms3/L). This was followed by
stations S5, with biovolume of 1.66.106 mms3/L. The
lowest average biovolume was recorded at station S6

(6.66.105mm3/L) (Fig. 3).

Parameters Station 1 Station 2 Station 3 Station 4 Station 5 Station 6 P Significantly (K-W)
02 (mg /L) 5,932 5,603 5472 4,36>  4,44P 4,082 0,007442 SD
Cond(uS/cm) 30,63 2 282 36,362 58,27b  51,72b  40,54P 0,000206 SD
Depth (m) 5,232 5,062 3,47 2 1,63 b 3,06 ¢ 3,09 ¢ 0,00001 SD
T°C 26,87 27,05 26,52 26,60 27,07 26,87 0,98 NSD
Transparency (m) 0,65 0,82 0,557 0,40 0,55 0,33 0,56 NSD
pH 6,97 6,81 6,85 6,84 6,78 0,39 NSD
NO2-(mg /L) 0,04 0,03 0,03 0,02 0,03 0,03 0,1 NSD
NO3-(mg /L) 4,52 3,54 4,19 7,93 6,22 0,35 NSD
Pt (mg /L) 7,30 11,25 10,51 12,69 11,29 14,47 0,49 NSD
Nt (mg /L) 23,54 29,45 41,76 51,34 43,38°2 42,36 0,3166 NSD

Median values with the same letters do not differ significantly (a, b, ¢) (Mann-Whitney p>0.05); P: probability;
SD: significant difference; NSD not significant difference; K-W: (Kruskal-Wallis)
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Fig. 2. Contribution of phytoplankton phyla at total

biovolume

Spatial distribution of dominant species
The species used (Pediastrum simplex, Peridinium

cintum,  Euglena  polymorpha,  Aulacoseira

granulata, Closterium ehrenbergii, Staurstrum

bulbosum Pediastrum duplex) in this analysis are
contributing to 65.93% of the total biovolume and
those put in the “other” group are the contributors to
the remaining biovolume. The species Pediastrum
simplex appeared more dominant respectively at
stations S3 (7.56 105 mms3/L), S1 (6.24.105 mms3/L)
and S3 (5.12.105 mm3/L). At stations S4, S5 and S6
its biovolume decreased to the advantage of the
species Peridinium cintum (2.21.105 mm3/L) at
station S4, Euglena polymorpha (6.44.105 mms3/L) at
station 5 and Aulacoseira granulata (6.75.104
mm3/L) at station S6. Furthermore, at station S1, the
biovolumes of the species Closterium ehrenbergii

(2.32.105 mm3/L), Euglena polymorpha (1.72.105

74| Akoet al.



J. Bio. & Env. Sci. | 2024

mm3/L) appeared non-negligible despite the
dominance of the species Pediastrum simplex (Fig.
4). Station S2 also has a slightly larger biovolume of
Staurstrum bulbosum (1.75.105mm3/L) (Fig. 5). In
addition, S6 is characterized by a codominance of
biovolumes of the species Aulacoseira granulata and
Euglena polymorpha as well as the low biovolume of

Pediastrum simplex (Fig. 4).
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Fig. 3. Spatial variation of phytoplankton biovolume
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Fig. 5. Spatial variation of Shannon index (a) and Pielou
index (b) based on phytoplankton in Bandama River.

Diversity analysis

The structure and specific diversity of phytoplankton
were determined through the Shannon and equitability
indices. The Shannon index is varied from 2.06 bits/ind
(S3) to 2.88 bits/ind (S6). The indices of stations S1, S2,
S4 and S6 are significantly higher (Kruskal-Wallis
p>0.05) than those of stations S3 and S5 (figure 5-A).
The fairness index varied from 0.14 (S3) to 0.33 (S6). A
significant difference in the index was determined
between stations. The equitability indices at stations S4
and S6 are significantly higher than those at other
stations (Kruskal-Wallis p>0.05). Generally, the fairness
index is closer to 0 than 1 (Fig. 5-B).

Relationship between phytoplankton and abiotic
parameters

A Redundancy Analysis (RDA) allowed us to highlight
the influence of abiotic parameters (temperature, pH,
conductivity, dissolved oxygen, transparency, depth,
nitrite, nitrate, total nitrogen, total phosphorus) on
the phytoplankton biovolume. The main plan of the
analysis expressing 74.590% of the total variance (axis
1: 48.78%; axis 2: 25.80%) was retained for the
analysis (Fig. 6).
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|
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-1.0 Axe 1 (48,78%) 1.0
T.C : Temperature ; O. : oxygen ; Cond : Conductivity ;
Prof : Depth ; NO2- : Nitrite ; NO3- : Nitrate ; Nt : Total
nitrogen, Pt: Total phosphorus, Trnp: transparency
Pedsim : Pediastrum simplex; Peddup : Pediastrum
Cloehr :
Oscillatoria sp.; Osl: Oscillatoria limosa; Aulgr:

duplex ; Closterium ehrenbergii, Oss:
Aulacoseira granulata ; Stmu : Staurastrum muticum ;
Stabu :Staurastrum bulbosum ; Pinneo: Pinnularia
neomajor ; Ulnnabi : Ulnaria ulnabiseriata ; Dolspiro :
Dolichospermum

spiroides; Oscp: Oscillatoria

princeps ;Eupol:  Euglena  polymorpha;  pecin:
Peridinium cinctum.

Fig. 6. Redundancy Analysis (RDA) of dominant
phytoplankton biovolumes and river environmental

parameters.
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The ordination along axis 1 presents in its positive
part a strong positive correlation with transparency,
depth and dissolved oxygen. In its negative part, a
strong correlation is established with conductivity,
total phosphorus and total nitrogen. Associated with
high transparencies and depths and dissolved oxygen,
as well as low conductivity concentrations of total
phosphorus and total nitrogen along axis 1. Stations
S1 and S2 favored high biovolumes of the species
Pediastrum duplex, Oscillatoria sp, Aulacoseira

granulata, to the detriment of Ulnaria ulnabiseriata,

Dolichospermum  spiroides. Species such as
Pediastrum  simplex, Closterium  ehrenbergii,
Oscillatoria limosa, Staurastrum  muticum,

Staurastrum bulbosum, Pinnularia neomajor in
addition to being associated with high depth and
transparency, are also distinguished by a high level of
dissolved oxygen, also d a lesser presence of the
nitrate level in the environment according to axis 1. A
strong positive correlation was established between
high temperatures and Euglena polymorpha and
Oscillatoria princeps according to axis 2 unlike the
species Peridinium cinctum characterized by low
temperatures and high nitrite concentrations along

axis 2.

Discussion

The results of this study show a spatial variation of a
few physico-chemical parameters between the
stations. The low wvariability in physico-chemical
parameters is thought to be due to the more or less
homogeneous climatic and anthropogenic factors
affecting this environment. The average temperatures
observed (26.5°C to 27.07°C) in the waters of the
Bandama river during this study are thought to be
due to the influence of ambient temperature. In fact,
several studies carried out in the waters of warm
tropical regions have shown that the average annual
temperature of the rivers is about 28°C and rarely
falls below 25°C (Konan et al., 2008). The waters of
the river appeared very turbid, with average
transparencies of less than one meter. This low water
transparency is thought to be due to anthropogenic
activities such as gold panning on the banks and in

the riverbed, which cause sediments to be suspended.

This range of variation is similar to the measurements
made by Lozo (2019) and Soro et al. (2021) in
Bandama river. Concerning pH, the values show that
the water in the river is close to neutral and therefore
optimal for the development of aquatic communities.
According to Blinda (2007), pH values between 5 and 9
allow normal development of flora and fauna. For
dissolved oxygen which is an important parameter in
the evaluation of water quality, stations S1, S2, S3
presenting relatively high values than the others would
indicate good photosynthetic activity of aquatic plants
and micro-algae in the environment (Rodier 1984). The
electrical

conductivity, reflecting the level of

mineralization of the medium, oscillated from
28uS/ecm (S1) to 58.27 uS/cm (S4). The higher
electrical conductivity of stations S4, S5 (Red
Bandama) and station S6 (confluence) testifies to a
higher level of mineralization of this arm compared to
the Red Bandama. This high mineralization would
come from exogenous inputs from surrounding
agrosystems and also from industrial discharges along
this arm, therefore leading to high concentrations of
ions dissolved in the water (Tshibanda et al., 2021, Yao
et al., 2022). From the analysis of the structure and
phytoplankton composition, it emerged that the
species Pediastrum simplex, Peridinium cintum,
Euglena  polymorpha, Aulacoseira granulata,
Closterium ehrenbergii, Staurstrum bulbosum and
Pediastrum duplex were dominant with varying
proportions depending on the stations. These variable
dominances per station, as well as the significant
differences in biovolume observed between stations
would be linked to the variability of environmental
conditions which, according to Padial et al. (2014)
affects the composition and abundance of taxa in an
environment. The specific diversity and equitability of
the distribution of species determined using the
Shannon de Pielou indices revealed significant
differences. The low values of the equitability index at
stations S3 and S5 would be due to the dominance of
Pediastrum simplex for station S3 and Euglena
polymorpha for station S5. However, the values of the
equitability index are all close to 0 and 1 testify to an
inequality in the distribution of species in the

environment.

76 |Ako et al.



J. Bio. & Env. Sci. | 2024

Furthermore, station S6, although having the lowest
biovolume, gives the greatest values of these indices,
thus presenting greater specific diversity. The
redundancy analysis (RDA) showed that each species
reacts differently to environmental variations and
that the highest biovolumes in our study are
negatively linked to the high concentrations of
nutrient salts such as nitrogen, nitrate, nitrite,
phosphorus. This observation would reflect the use of
these nutrients by phytoplankton in their
proliferations, hence their low concentration (Tian et
al., 2000). Furthermore, a positive correlation of this
distribution is favored by high temperatures,
transparencies, dissolved oxygen and pH. In addition,
the grouping of these species at stations S1 and S2,
more transparent with the greater rate of dissolved
oxygen,
appeared to be the least impacted by human activities
than the others. Indeed, studies by Reynolds (1984)

reassures this observation because it

demonstrated that the penetration of light would be
an important factor for the achievement of
photosynthesis
phytoplankton. The

and therefore good growth of
“alpha” diversity indices
calculated using the Shannon diversity index and
Pielou equitability index presented different degrees
of organization of the phytoplankton population.
Stations S1, S2, S4 and S6 have higher taxonomic
diversity than stations S3 and S5. Furthermore, the
regularity of this taxonomic distribution is highest at
station S6 and very low at station S3. In addition, the
low values of the equitability index demonstrate an
irregularity in the biovolume occupied by the species
in the environment. This low degree of organization
would find its origin in the cumulative effects of
human activities, notably the domestic activities of
villages and fishing camps, exogenous effluent from
plantations and strong gold panning activity at this

station as well as upstream.

Conclusion

In this work on the structure and determinism of the
phytoplankton community in the waters of the
Bandama River in the Marahoué region. The
physicochemical parameters of the Bandama River

present a certain homogeneity probably due to the

combined influence of climatic conditions and human
activities on the environment. However, the study of
the structure and composition of phytoplankton as
well as the redundancy analysis revealed dynamics
and taxonomic complexity influenced by these
parameters. The high phytoplankton biomass was
positively influenced by transparency and dissolved
oxygen and water depth as well as low nutrient salt
concentrations. This sensitivity of phytoplankton
species to react to environmental changes therefore
environmental

offers a monitoring tool for

management.
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