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Abstract

The ecological quality of Dohou Lake in Duékoué was determined from the phytoplankton community and physico-
chemical parameters. All of the stations in Dohou Lake are dominated by Cyanobacteria and Bacillariophyta individuals,
with high monthly proportions observed during the study period. Ecological indicators such as total phosphorus,
transparency and chlorophyll made it possible to assess the physico-chemical quality of the environment. Thus, mean
total phosphorus values ranged from 970 to 1150 pg/L from station D7 to station D6. Minimum transparency values
ranged from 0.1 to 0.5 m from station D7 to D3, and mean values ranged from 0.3 m (station D7) to 0.69 m (station D1).
For chlorophyll a, mean values ranged from 3.52 pg/L to 12.98 ug/L from station D7 to station D2, with maximum values
for this parameter ranging from 13.4 pug/L (station D7) to 46.73 pg/L (station D2). All of the stations on Dohou lake are
therefore in an eutrophic state. The monthly variations in the different proportions of phytoplankton groups observed
indicate a clear predominance of Cyanobacteria followed by Bacillariophyta. The values of the Planktonic Index (PI)
indicate that the stations are in average ecological condition, except for station D7, which is in poor ecological condition.
These ecological qualities are reflected by the spatial and temporal dominance of 4 functional groups which are C, LM,
K, and S1.
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1. Introduction

Freshwater is unevenly distributed and indispensable to the life of human populations as well as to most living
organisms [1]. Indeed, as a natural resource, human populations use it for domestic, agricultural, fishing and industrial
purposes, but also many animal or plant species use it as exclusive or temporary habitats. Despite this great importance
of water resources, they are increasingly subject to pollution and/or eutrophication as well as to the modification of
physico-chemical characteristics. This is the case in most lakes and reservoirs in the tropics that are more or less
permanently damaged [2]. This state very often results in poor transparency of these waters and excessive development
of aquatic plants (microalgae, water lilies, freshwater salad). Today, one of the methods for diagnosing the ecological
status of water bodies is the use of phytoplankton as a biological indicator. It is a complementary method to the
measurement of environmental parameters in the environment. In fact, the sensitivity of phytoplankton and its
relatively short development cycle makes it possible to integrate changes in the environment in a relatively short time.
According to Talita [3], human activities are one of the major causes of the degradation of aquatic environments. Faced
with such an observation, the use of water resources is called into question. Hence the need for a water resource
management policy [4, 5] in order to preserve the ecological balance of aquatic ecosystems. Consequently, the
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assessment of water quality and the conservation of aquatic ecosystems are therefore a priority for the coming decades.
In Cote d'Ivoire, Dohou lake in Duékoué located in the Sassandra basin is no exception to this reality. Dohou lake is used
to supply drinking water to the city of Duékoué. Urbanization has increased the number of human activities carried out
on this lake (housing, agriculture, transport, fishing, livestock). It receives enormous quantities of nutrients from urban,
domestic and agricultural effluent discharges. These inputs cause the progressive invasion of aquatic macrophytes and
phytoplankton blooms. However, despite this considerable pressure on the lake, its ecological status is unknown.
Scientific data on this lake are scarce and limited to a few works [6, 7]. The first works focused on the physico-chemical
and bacteriological characterization in order to highlight the vulnerability of the lake as a drinking water resource. In
the results obtained, the abundance of fecal germs was well above the standards for water intended for the production
of drinking water, especially the presence of the pathogenic agent salmonella [6]. The second works carried out on the
typology of the phytoplankton community showed a dominance of Cyanobacteria in the composition of the
phytoplankton as well as low diversity index values reflecting a disturbed and unstable environment [7]. In the light of
the previous work, it therefore seems judicious to know the trophic and ecological state of Dohou lake.

The general objective of this study is to assess the ecological quality of Dohou lake in Duékoué based on the
phytoplankton community and physico-chemical parameters.

2. Methods

2.1. Area

Dohou lake is located in the commune of Duékoué in western Cote d'Ivoire. It is located 450 km from Abidjan between
latitudes 6.7520 and 6.7622 N and longitudes 7.353 and 7.367 W. Dohou lake is an artificial water reservoir in the sub-
basin of the Sassandra river, built to supply drinking water to the population of the town of Duékoué by the Cote d'Ivoire
water distribution company (SO.DE.CI). It covers an area of about 1 km?, near which several activities are developed.
Agriculture remains the main income-generating activity. The banks of the lake are occupied by market gardening,
maize fields and rubber plantations. But there are also chicken farms, cars mechanicals garages, quarries and houses.
The lake also receives waste from runoff and sewage from nearby homes and the city [6].
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Figure 1 Map of Dohou Lake and sampling stations in Sassandra subwatershed
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2.2. Sampling, assaying and enumeration

Twelve monthly sampling campaigns at seven stations in Dohou Lake were carried out between October 2017 and
September 2018. In the field, water transparency was assessed from the depth of appearance of the Secchi disk after its
immersion and its complete disappearance in the water column. For phytoplankton, organisms were sampled with an
integrated sampler, fixed and preserved in pillboxes using drops of 90% alcohol and 5% formaldehyde. Water samples
for chlorophyll a and total phosphorus were collected under the same conditions as before and stored in dark tubes
(350 ml) at a cold temperature (4°C). Once in the laboratory, phytoplankton organisms were observed under an
inverted microscope and identified from a set of literature [8, 9, 10, 11, 12,13, 14]. Phytoplankton cells were counted
using a counting cell with a capacity of 10 ml according to the method of Utermohl [15]. For the chlorophyll biomass,
the method of Lorenzen [16] was used for quantification. For this purpose, the water samples were filtered through
Whatman GF/F paper (0.7 pm porosity and 47 mm diameter). The filtrates obtained were kept in 90% acetone for the
extraction of chlorophyll a. The contents were obtained from spectrophotometer readings at different wavelengths (665
and 750 nm before and after acidification). The results are given by the following formula.

26.7 . [A1. (DO (665 - 750)) - A2. (DO (665 - DO 750))] . Va
Ve.L

Chla (ug/l) =

A1 (DO (665 - 750)) : absorbance before acidification at 665 nm et 750 nm ; A2 (DO (665 - 750)) : absorbance after
acidification at 665 nm et 750 nm ; Va : acetone volume (ml) ; Ve filtered water volume (L) ; L : distance from the optical
path of the cell used (cm).

The determination of total phosphorus consisted in the hot mineralization of a test sample in the presence of sulfuric
acid and sodium persulfate followed by the spectrometric determination of ortho-phosphates obtained according to
French Standard T90-023.

2.3. Data Analysis

Data were collected from phytoplankton counts, chlorophyll g, total phosphorus and transparency to assess the physico-
chemical and ecological quality of Dohou lake based on Trophic Index, Planktonic Index and functional groups according
to Reynolds [17].

2.4. Trophy index

To determine the trophy of Dohou lake, the trophic classification of the waters recommended by the 0.C.D.E [18] (Table
1) was adopted. This system takes into account the following parameters: total phosphorus (TP), water transparency
and chlorophyll a (Chl a). The information acquired allows for international exchange and comparison.

Table 1 Limit values of the trophic water classification system [18]

Trophic status Pt mean | Secchi Secchi Chl a mean | Chl a max
(ng/L) mean (m) | min (m) (ng/L) (ng/L)
Oligotrophic 4-10 6-12 3-6 1-2,5 2,5-8
Mesotrophic 10-35 6-3 3-1,5 2,5-8 8-25
Eutrophic 35-100 3-1,5 1,5-0,7 8-25 25-75
Hyper-Eutrophic 100< 1,52 0,72 25< 75<

max: maximum value; min: minimum value, Pt: total phosphorus, Chl a: chlorophyll a

2.5. Planktonic Index (PI)

The calculation of Planktonic Index was carried out on the abundance data during periods of phytoplankton production
[19]. The relative abundances of the different groups of algae were assessed. The index is based on quality coefficients
(Qi) assigned to each algal group (Table 2) and on relative abundance classes (Aj) (Table 3). Relative abundance is the
ratio of the abundance of each of the different groups to the total abundance of all groups expressed as a percentage.
The expression of Planktonic Index is the average of the sum of the quality scores multiplied by the relative abundance
(in percentage) obtained during the surveys as follows:
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Pl = Meanz Qi X Aj
Qi: quality coefficients assigned to each algal group and Aj: relative abundance classes recorded in tables IV and V.

Table 2 Coefficients assigned to the reference algae groups

Algal groups Qi
Desmids 1
Bacillariophyceae 3
Chrysophyceae 5

Dinophyceae et Cryptophyceae 9

Chlorophyceae (except Desmids) | 12

Cyanophyceae 16

Euglenophyceae 20

Qi: Assigned coefficients

Table 3 Relative abundance classes

Relative abundance | Aj
0-10

10-30
30-50
50-70
70-90

gua (s | W iIN |- O

90-100

Aj: relative abundance classes

Score out of 100 is thus obtained (Table 4), making it possible to classify the ecological status of the water bodies on a
quality scale ranging from very good to poor with corresponding color codes

Table 4 Values of Planktonic Index (PI) classification limits for water bodies [20]

Ecological Status Classification | Note/100 and color coding
Very good 0-25

Good 26-40

Moderate 41-60

Poor 61-80

Bad >80

2.6. Functional groups: ecological indicators

Functional groups (FGs) are based on those established by Reynolds [17], grouping species frequently found together
in the same environment with the same ecological requirements and similarities. Phytoplanktonic taxa with a
contribution 23% of the total density were used to constitute the different functional groups. The ratio of the abundance
of each group to the total abundance of the groups was estimated as a percentage. Functional groups reflect the
characteristics of a habitat type.
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3. Results

3.1. Trophic status

Ecological indicators such as total phosphorus, transparency and chlorophyll a were used to assess the physico-
chemical quality of the environment. Total phosphorus values ranged from 970 to 1150 pg/L between stations D2 and
Dé6. Concerning transparency, the minimum values varied from 0.1 to 0.5 m between station D7 and D3 and the average
values from 0.3 m to 0.69 m between station D7 and station D1. For chlorophyll a, mean values fluctuated from 3.52
ug/L to 12.98 pug/L between station D7 and station D2. The maximum values for this parameter varied from 13.4 pg/L
to 46.73 pg/L between stations D7 and D2. The trophic status of the different stations, obtained by using the limit values
of the OECD water trophic classification system [18], is presented in table 5. Thus, all the stations of Dohou lake are in
a eutrophic state.

Table 5 Limit values of the trophic classification system for Dohou lake stations

Stations
Indicators D1 D2 D3 D4 D5 D6 D7
Pt mean (pg/L) 1040 960 1070 | 1090 | 1050 | 1150 | 970
Secchi mean (m) 0.69 0.64 0.68 0.67 0.55 0.37 0.3
Secchi min (m) 0.3 0.45 0.5 0.4 0.35 0.17 0.1

Chl @ mean (pug/L) | 8.79 | 1298 | 9.64 8.53 7.68 8.89 | 3.52
Chl a max (ug/L) 2448 | 46.73 | 20.03 | 22.25 | 15,58 | 17.8 | 134
Trophic status E E E E E E E

Max: maximum value; min: minimum value; Pt: total phosphorus; Chl a: chlorophyll a.
D1 to D7: sampling stations; E: Eutrophic

3.2. Ecological quality

The ecological quality of the area study was estimated using the planktonic index (Table 6). The planktonic index (PI)
values ranged from 49 to 73 between station D5 and station D7. These index values show that all stations have a
moderate ecological status except station D7 with a poor ecological status.

Table 6 Ecological status of the various stations on Dohou Lake according to the planktonic Index (PI) parameter.

Stations
Index D1 | D2 | D3 | D4 | D5 | D6 | D7
Planktonic Index (PI) | 60 | 53 | 51 57 | 49 | 52 | 73

Ecological status Mo | Mo | Mo | Mo | Mo | Mo | Po
Mo: Moderate. Po: Poor. D1 to D7: sampling stations

3.3. Functional groups

The contribution of taxa within the phytoplankton community allowed us to note a set of 11 dominant species
(contribution 23% of the total density) in Dohou lake (Table 7). These species belong to Cyanobacteria (5 taxa),
Bacillariophyta (3 taxa), Euglenophyta (2 taxa) and Chlorophyta (1 taxa). These are Aphanocapsa conferta, Microcystis
aeruginosa, Planktolyngbya limnectica, Chroococcus minutus, Asterionella formosa, Aulacoseira ambigua, Aulacoseira
ambigua var. japanica, Phormidium articulatum, Trachelomonas volvocina, Trachelomonas cylindrica and
Dictyophaerium pulchellum. The structure of phytoplankton species assemblages from the dominant species is
characterized by 7 functional groups (Table 7). Among these functional groups, 4 groups represented cyanobacteria
(S1, X2, LM and K), 1 group for the dominant diatom (C), 1 group for Euglenophyta (W2) and 1 group for Chlorophyta
(F).
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Table 7 Phytoplanktonic functional groups based on dominant species of Dohou lake

Taxa functional groups | Habitat templates/Tolerances
Cyanobacteria

Aphanocapsa conferta K Short nutrient rich columns
Chroococcus minutus X2 mesotrophic, clear and mixed /

Stratification
Summer epilimnia in eutrophic

Microcystis aeruginosa LM lakes / very low carbon
Planktolyngbya limnectica o1 Turbid mixed layers / highly light
Phormidium articulatum deficient

Bacillariophyta

Asterionella formosa

Aulacoseira ambigua C Mixed, eutrophic small-medium

lakes / Light, C deficiencies

Aulacoseira ambigua var. japanica

Euglenophyta

Trachelomonas cylindrica W2 Meso-eutrophic shallow lakes
Trachelomonas volvocina and ponds

Chlorophyta

Dictyophaerium pulchellum F Clear superficial layers/low

nutrients, high turbidity

3.4. Spatio-temporal dynamics of functional groups

100%
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Figure 2 Spatial variations in the average relative abundance of functional groups in Dohou lake. D1 to D7: sampling
stations; K, LM, S1, X2, W2, F: Functional groups. C: Asterionella formosa and/or Aulacoseira ambigua, and/or
Aulacoseira ambigua var. japonica; K: Aphanocapsa conferta; LM: Microcystis aeruginosa; S1: Planktolyngbya limnectica
and/or Phormidium articulatum; X2: Chroococcus minutus; W2: Trachelomonas cylindrica and/or Trachelomonas
volvocina; F: Dictyophaerium pulchellum.

An average of abundances per station and per month was used to monitor the evolution of functional groups (Figure 2
and 3). Among the 7 groups identified, 4 groups had an average individual contribution greater than 5%. These are S1
group (32 %), C group (31 %), LM group (14 %) and K group (10 %). These functional groups dominated the
phytoplankton assemblages with 87% at station level. No significant difference in abundance exists between stations in
these functional groups. Figure 2 shows the variation in functional groups at the sampled stations. The proportions of
dominance of S1 group with Planktolyngbya limnectica varied from 10% at station D2 to 85% at station D5. As for C
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group represented by Asterionella formosa, the proportions fluctuated from 10% to 79% from station D4 to station D2.
However, LM group (Microcystis aeruginosa) and K group (Aphanocapsa conferta) were more represented at stations
D7 (53%) and D1 (10%) respectively. Similarly, there was little variation in the contribution of each group over time (t-
test, p > 0.05). The monthly proportions of the different functional groups are presented in Figure 3. For S1 group, the
proportions varied from 1% in June to 75% in April. For C group, the proportions varied from 0.06% in June to 70% in
November. LM Group is most represented between June (97%) and July (72%) in the rainy season, while K is most
represented in October (49%) and February (37%). The first two groups (S1 and C) were more represented in the dry
season than in the wet season, while the second (LM and K) were more represented in the wet season than in the dry
season (Table 8). No significant difference was recorded between seasons (t test, p > 0, 05) in the abundance of these
functional groups.

100%
90%
80%
T0%
60%
50%
40%
30%
20%
10%

0%

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
ES] mC uLM K mW2 nF mX2

Figure 3 Monthly variations in the average relative abundance of functional groups during the sampling period. C, K,
LM, S1, X2, W2, F: Functional groups. C: Asterionella formosa and/or Aulacoseira ambigua, and/or Aulacoseira ambigua
var. japonica; K: Aphanocapsa conferta; LM: Microcystis aeruginosa; S1: Planktolyngbya limnectica and/or Phormidium
articulatum; X2: Chroococcus minutus; W2: Trachelomonas cylindrica and/or Trachelomonas volvocina; F:
Dictyophaerium pulchellum.. Oct: octobre, Nov: november, Dec: December, Jan: January, Feb: February, Mar: march, Apr:
april, Jul: july, Aug: august, Sep: september

Table 8 Seasonal average of the proportions of functional groups in Dohou Lake

Seasons

Functional Groups | dryseason | rainy season | p-value
S1 35% 30% p>0.05

C 32% 30% p>0.05

LM 0% 24% p>0.05

K 9% 10% p>0.05

w2 17% 5% p>0.05

F 5% 1% p>0.05

X2 2% 0% p>0.05

C: Asterionella formosa and/or Aulacoseira ambigua and/or Aulacoseira ambigua var. japonica; K: Aphanocapsa conferta,; LM: Microcystis
aeruginosa; S1: Planktolyngbya limnectica and/or Phormidium articulatum; X2: Chroococcus minutus; W2: Trachelomonas cylindrica and/or
Trachelomonas volvocina; F: Dictyophaerium pulchellum. p > 0.05: non-significant test (t-test).

79



GSC Advanced Research and Reviews, 2021, 09(02), 073-082

4., Discussion

The results obtained from the OECD trophic classification System [18] and the Lake Phytoplankton Index (PI) give
relatively similar information on the overall trophic level and ecological status of Dohou lake. Thus, all stations in lake
are characterized by a eutrophic state. It should be remembered that the lake, due to its proximity to the city and the
anthropic activities (agriculture, fishing, etc.) to which it is subject, receives excessive exogenous and endogenous
nutrient inputs. These inputs would therefore be responsible for the eutrophication of the lake waters, leading to an
increase in the density of particles in suspension, hence the low transparency of the stations. Indeed, under the action
of nutrient salts (nitrogen and phosphorus) from cultivated land and urban effluents, algae proliferate and accumulate
after their death in the lake bottom. The silt thus enriched in organic matter and its release would also contribute to the
availability of nutrients in the lake. The trophic status of lake Dohou is consistent with that of Adzopé lake [21] and
Taabo lake [22]. Concerning ecological states, the Plankton Index (PI) used showed average ecological states of the lake
waters. These ecological states would be due to the high relative proportions of phytoplankton groups considered as
indicator groups of eutrophication to which high quality coefficients are assigned. The relative number of individuals
representing the different taxonomic groups in a phytoplankton sample could reflect the ecological conditions of the
environment. This ecological state would be derived from the trophiclevel of the lake. According to E.C [20], in eutrophic
lakes, the number of individuals belonging to groups linked to eutrophication is greater than the number of individuals
belonging to groups linked to oligotrophic conditions. The structure of phytoplanktonic species assemblages from the
dominants species is characterized by 7 functional groups (S1, X2, LM, C, W2, F and K). Of these functional groups, 04
groups (C, S1, LM and K) were the most dominant. Examination of the functional diversity of the phytoplankton
community revealed that most of the taxa characteristic of the functional groups are associated with eutrophic
conditions. The most dominant groups (C, S1, LM and K) contain taxa that are tolerant of low nutrient and carbon levels,
with the majority of species characterized by low light levels. The S1 functional group with Planktolyngbya limnetica
was strongly represented at station D7 during the wet season (April). The high density of S1 (Planktolyngbya limnetica)
is mainly associated with low total phosphorus values. This main species of the group is a filamentous Cyanobacteria
well adapted to high turbidity conditions [23]. Although frequently found in mesotrophic to hyper-eutrophic
environments [24, 25], Planktolygbya limnetica is often competitive in conditions of low phosphorus values [26, 27].
The functional groups K and LM, represented by Aphanocapsa conferta and Microcystis aeruginosa respectively, are also
dominant in the Cyanobacteria with their growth optima in October and June. The taxa in this group include small
colonial non-nitrogen fixing cyanobacteria. However, they can dominate phytoplankton when ammonium is still present
in the water [28]. Members of this group are favoured by the conditions under which these taxa could benefit from the
nutrient reserve of the gelatinous structures, as well as by the rebound against sedimentation by good floating
regulation [17]. Functional group C, strongly represented by Asterionella formosa, dominated the assemblages in
November, with strong colonisation at station D2. Members of this group are fast-growing species linked to high
phosphorus concentrations in the lakes [29]. These diatoms are good competitors even under conditions of low nutrient
concentrations and light with the presence of silica [30, 31]. This would justify the representativeness of C group.

5. Conclusion

In this study, the ecological indicators used made it possible to assess the ecological quality of the environment. Thus,
stations of lake have presented eutrophics states based on the limit values of the trophic classification system according
to OECD. The Planktonic Index (PI) values of the stations indicated moderate ecological conditions to except station D7.
This station showed a poor ecological condition. 7 functional groups were determined from the dominant species. Of
these, 4 groups characterize the phytoplankton with an average individual contribution of more than 5%. These are
groups S1, C, LM and K with strong contributions from the first two groups. These groups by their characteristics testify
the trophy state of the lake with strong contributions from the species Planktolygbya limnectica and Asterionella
Formosa.
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