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1. Introduction

Abstract

Desmidiales are influenced by the physicochemical quality of the waters of the estuary
mangroves which are very sensitive and increasingly threatened ecosystems. This study
analyzed the waters of the mangroves of the Cameroon estuary and evaluated the
influence of the abiotic factors on the diversity and dynamics of Desmidiales. Samples
for physicochemical and biological analysis were collected monthly in 9 stations over a
period from November 2019 to November 2020 according to standard methods. High
temperature levels (28.73 =+ 1.6°C), salinity varying from fresh (0.012 %o) to salt water
(14.6 %) and medium oxygenation indicate (66.23 += 16.46 %) a moderately polluted
environment. A total of 61 species belonging to the order of Desmidiales, families of
Closteriaceae and Desmidiaceae, and belonging to 09 genera of which Staurastrum,
Closterium, Cosmarium, Spondylosium, Staurodesmus, Xanthidium, Euastrum,
Micrasterias and Pleurotaenium were identified for a total density of 18784 ind/L. The
analysis shows that the high biological diversities (34 to 43 species) and densities (2.83
ind./L to 11835 ind./L) coincide with the stations of the fluvial estuary who were
characterized by a salinity lower than 1%.. Desmidiales could be used as indicator of
the ecological status of waters and to evaluate the impact of tidal movements.
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In the tropics, mangroves represent 60% to 75% of coastal vegetation (Por and Dor, 1984).
Present in Cameroon in the areas of the Rio Del Rey estuary, the Cameroon estuary and the
mouth of the Nyong, Lekoundjé and Ntem rivers; these mangroves, which cover an area of
about 2,749 km2 (Envi-Rep Cameroon, 2018), are victims of anthropogenic degradations.
Thus, nearly 70,000 hectares of these important carbon storage sinks were radically
destroyed between 1980 and 2006 in Cameroon (UNEP, 2007). These mangroves provide
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many nutritional, ecotourism and health benefits, but also a spawning area for a multitude
of aquatic species for which phytoplankton serve as food. This phytoplankton also plays an
important role in the maintenance of the food web with more than 45% of the primary
production on Earth (Behrenfeld et a/., 2005) and the order of Desmidiales is of fundamental
importance both from the nutritional and ecological points of view (Bourrelly, 1990). They
are excellent biological indicators of the quality of aquatic environments and like the
Diatomophyceae, they are very sensitive to temperature, variations in the chemical
composition of water (Bourrelly, 1990) and contribute to about 70% of the total nhumber of
species in the Class Zygnematophyceae (Gontcharov and Melkonian, 2005). They are usually
unicellular organisms, without defined shape, and rarely in colony form (Acleto and Zuniga,
1998; and Yinxin and Minjuan, 2005), having a median constriction called isthmus, which
divides the cells into two equal halves, called semi-cells (Oliveira, 2008; and Felisberto and
Rodrigues 2013). They are distributed in a cosmopolitan way and numerous in freshwater
environments such as oligotrophic and mesotrophic lakes, ponds and rivers (Wehr and Sheat
2003).

In Cameroon, phytoplankton studies within the mangroves of the Cameroonian coast are
still poorly explored. A review of the literature reveals that almost all the work carried out
has focused on the macroflora, forgetting to take into account the aquatic microflora. The
few studies carried out by Folack (1989), Fonge et a/. (2015) and Motto et a/. (2020) focused
on the coastal of Kribi and Limbe, forgetting the Cameroon estuary. This study therefore
aims at evaluating the physicochemical quality of mangrove waters and the distribution of
Desmidiales in order to highlight the impact of abiotic factors on their diversity and
dynamics in a part of the Cameroon estuary influenced by the waters of the Atlantic Ocean.

2. Materials and methods

2.1. Study site

This study was conducted in the mangroves of the Cameroon estuary, Littoral Region, in the
districts of Mouanko and Douala VI, departments of the Sanaga Maritime and Wouri
respectively (Figure 1). The hydrographic network of this area is watered by the Sanaga,
Kwakwa, Dibamba and Wouri rivers. Geologically, the soil is hydromorphic mineral and
stands on a metamorphic base geological complex of Precambrian age (Nzolang et al.,
2003). The climate is equatorial and monomodal with two seasons, a short dry season from
mid-November to February and a long rainy season from March to mid-November
(Sighomnou, 2004). The thermal regime is hot (27°C + 6.9°C), and an annual rainfall of
about 4513 mm (Sighomnou, 2004). 09 sampling stations were selected according to the
type of mangrove forest, the three parts of the estuary profile (Wiley and Chichester, 1980)
and anthropogenic activities (Figure 1).

Stations D1 and D2 located at the mouth of the Sanaga river are in a regenerating
mangrove. Stations D3, E1, E2, and E3 are located in a little anthropized area and are
dominated by plants of the genus Rhizophora. Station S1 dominated by the species
Avicennia germinans and the Station S2 dominated by the species Nypa fructicans are
located in a highly anthropized zone; unlike station S3 which is dominated by the fern plant
Acrusticum aurerium.
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Figure 1: Map of a part of the mangroves in Cameroon estuary showing the sampling
stations

2.2 Data collection

Physicochemical and biological data were collected between the surface and 0.5 m depth
from November 2019 to November 2020 at a monthly frequency by using an outboard
canoe equipped with a 40-horsepower motor to travel to all sampling stations. The water
was then collected without bubbles using polyethylene vials with double caps and stored in
a refrigerated chamber (4°C). Phytoplankton organisms were collected by filtering 30 L of
water through a 20 pm mesh-size plankton filter and concentrated into 100 mL. On one
hand, part of this sample was fixed with lugol (5%) and then kept in the dark (Bourrelly,
1985), while on the other hand, part was kept unfixed in order to identify motile, flagellated
or ciliated species that would be rendered unrecognizable by the fixative

2.2.1. Physicochemical parameters

Physicochemical variables were measured using appropriate equipment and following the
techniques and recommendations of ALPHA (1998) and Rodier et al. (2009). In the field,
dissolved oxygen was measured using the HACH HQ30d flexi oximeter, while water
temperature, pH, salinity and electrical conductivity were measured using the LAQUA Horiba
P200 multi-parameter. In the laboratory, Suspended Solids (SS), turbidity, nitrates and
orthophosphates were measured using colorimetric method with the HACH/DR 2010
spectrophotometer, while alkalinity was measured using volumetric method.

2.2.2. Biological variables
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The Lorenzen colorimetric method (Lorenzen, 1967) with a volume of 200-500 mL of
filtered water sample was used for the measurement of chlorophyll 'a' and pheopigment.
After 48 hours of sedimentation, the supernatant was gently removed and the remainder is
stored in 5 ml container. Subsequently, 1 ml of the previously homogenized sample was
pipetted and observed in a Sedgewick-Rafter counting cell using the Utermdhl (1958)
method. The identification and counting of phytoplanktonic species were carried out at
100X and 200X magnification using an Ilvymen Optic microscope equipped with a OMAX
A3503S Camera digital microscope to allow easier identification, using the specific works of
QOuattara (2000); Dellamano-Oliveira et al. (2008); Komoe (2010); Oliveira et al. (2011);
Felisberto and Rodrigues (2013); Bicudo et a/. (2014); Santos et al. (2014) and Aquino et al.
(2017).

3. Statistics Analysis

The biological data obtained were used to determine density, frequency of occurrence and
diversity indices to refine the structure of the Desmidiales of the mangroves of the
Cameroon estuary.

- Density of organisms (D in ind./L) represents the number of individuals (N) per unit
volume (V) and was calculated by the formula: D = N/V

- Frequency of occurrence (F in %) provides information on the constancy of a species or
taxon in a given habitat without any indication of its quantitative importance (Dajoz, 2000).
It is calculated by the equation: F = (Na/N)x100

with Na = number of records containing the species and N = total number of samples taken.
The key of Dufréne and Legendre (1997) was used to classify species into: Omnipresent
(F=100%), regular (75<F<100%), constant (50 <F<75%), accessory (25<F<50%) and rare
(less than 25%).

- Shannon and Weaver (1963) diversity index (H’), which reflects the diversity present at the
different stations, was calculated using the formula: H' =-Z[(ni/N) X log2(ni/N)]

with H' = represents the specific diversity in bits/index; ni = the number of individuals of
species i; N=total number of individuals considering all species and log2 =logarithm in base
2. It varies 0 (only one species or a species dominating all other very extensively) to S log
(all species even have abundance)

- Pielou (1966) equitability index (J) allowed us to evaluate the equal-representation of
species in relation to a theoretical equal distribution for all species. It is obtained by the
formula:

J=H/log2$s

with H’= Shannon and Weaver index; S = number of species present. This index (J) varies
from O (when only one taxon dominates) to 1 (when all taxon have the same abundance).

- Sorensen’s similarity index (Cs) was used to evaluate the similarity of the algal flora
between the different stations. Its mathematical expression is: Cs = (100 x 2c¢)/(a + b)

with Cs = coefficient of similarity; a = number of species from station 1; b = number of
species from station 2; ¢ = number of species common to the two stations. The values of Cs
vary between 0 and 100%. The more common the species are between the two stations, the
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more Cs tends towards 100% and the more different the species are between the two
stations, more the Cs value tends towards 0%.

Principal Component Analysis (PCA) was applied to the physicochemical variables and to the
composition of the population in order to group the sampling stations according to their
biotic or abiotic similarities. These analyses were carried out with the R software version
4.0.5.

3. Results
3.1. Physicochemical parameters

The physicochemical analysis obtained during the study revealed that the temperature of
the water varied in the fluvial estuary from 25.8 to 32°C; in the intermediate estuary from
25.4 to 30.5°C and in the marine estuary from 26.4 to 32°C for an overall average of 28.72
+ 1.59°C. (Figure 2A). A significant difference was recorded between the intermediate and
marine estuaries (P=0.003). The pH values ranged from 5.85 to 9.37 CU in the fluvial
estuary, from 6.19 to 9.05 CU in the intermediate estuary and from 6.45 to 8.59 CU in the
marine estuary (Figure 2B). Globally, the mangrove waters are weakly basic with an overall
average of 7.63 = 0.63 CU.

The variations of salinity (Figure 2C), with an overall average of up to 4.3%., and electrical
conductivity (Figure 2D), with an overall average of up to 7.56 mS/cm, follow the same
profile. In the fluvial estuary they ranged from 0.012 to 0.7 %., and from 0.013 to 1.36
mS/cm for salinity and electrical conductivity values respectively. In the intermediate
estuary, salinity fluctuated between 0.1 and 10.04 %o while electrical conductivity fluctuated
between 0.22 and 1.78 mS/cm. Finally in the marine estuary salinity varied from 1.13 to
14.6 %o and electrical conductivity from 1.47 to 24.9 mS/cm. Significant variations
(P<0.001) were obtained between the fluvial and intermediate estuaries and between the
fluvial and marine estuaries. Spearman's correlation test shows a strong positive correlation
between these two variables at the 0.01 threshold (r=0.98).

The variation profile of Suspended Solids (SS) was similar to that of turbidity, with a positive
and significant correlation r=5.4 at the 0.01 threshold. The SS ranged from 1 mg/L to 54
mg/L, 74 mg/L and 78 mg/L, in the fluvial, intermediate and marine estuaries, respectively,
with an overall average of 12.86 + 13.19 mg/L (Figure 2E). Turbidity ranged from 1 FTU to
98 FTU, 110 FTU, and 155 FTU in the intermediate, fluvial and marine estuaries respectively,
with an overall average of 25.43 + 25.19 FTU (Figure 2F). Both variables varied significantly
from fluvial to intermediate estuaries and from fluvial to marine estuaries (P*0.001).
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Figure 2: Spatial variations of temperature (A), pH (B), Salinity (C), Electric conductivity (D),
Suspended Solids (E) and turbidity (B) during the study period

Dissolved Oxygen (DO) showed a wide range of variation from 8.3 to 97.6% in the fluvial
estuary, from 35 to 81.6% in the intermediate estuary and from 29.4 to 88% in the marine
estuary with an overall average of 66.23 + 16.46% (Figure 3A) and a significant difference
between the fluvial and intermediate estuaries (P=0.002). Alkalinity with an overall average
of 6.9 = 4.12 mg/L (Figure 3B) varied from 2 to 16 mg/L in the fluvial and intermediate
estuaries and from 2 to 30 mg/L in the marine estuary with a significant difference and
between the fluvial and marine estuaries (P=0.037).

The nitrate values were relatively high with an overall average of 6.71 + 3.5 mg/L. The
fluvial estuary fluctuated between 1.18 and 14.4 mg/L, the intermediate estuary between
1.84 and 15.2 mg/L and the marine estuary between 0.9 and 16.4 mg/L (Figure 3C).
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Orthophosphate levels ranged from 0 to 0.62 mg/L, 0 to 0.84 mg/L and 0 to 0.91 mg/L for

the intermediate, fluvial and marine estuaries respectively, with an overall average of up to
0.16 mg/L (Figure 3D).
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Figure 3: Spatial variations of dissolved oxygen (A), Alkalinity (B), Nitrates (A) and

orthophosphates (B) during the study period
3.2. Biological parameters

3.2.1. Chlorophyll a and pheopigment

Chlorophyll a (Chla) and pheopigment (Phg) did not vary significantly between different
parts of the estuary. Chla ranged from 1.07 and 1.26 to 135.69 ug/L in the fluvial and
intermediate estuaries respectively and from 0.64 to 124.35 pg/L in the marine estuary for
an overall average of up to 27.92 ug/L (Figure 4A). As for Phg with a general average of up
to 21.04 ug/L; the fluvial, intermediate and marine estuaries varied from 1 to 48.45 ug/L;
from 1.28 to 159.45 pug/L and from 1.31 to 91.58 pg/L respectively (Figure 4B).
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Figure 4: Spatial variations of Chlorophyll ‘a’ (A) and (B) pheopigment during the study
period

3.2.2. Phytoplankton
3.2.2.1. Diversity of the Desmidiales

During this study, 61 phytoplankton species were identified (Table 1). All belonging to the
class of Zygnematophyceae, order of Desmidiales, families of Closteriaceae and
Desmidiaceae, and to 09 genera (Table 1). The most diverse genera were Staurastrum (26
species) followed by Closterium (12 species), Cosmarium (9 species), Staurodesmus (4
species), Spondylosium (4 species) and Xanthidium (3 species). The genera Euastrum,
Micrasterias and Pleurotaenium were mono-specific. Station D3 (43 species) was the most
diverse, followed by station D1 (39 species) and D2 (34 species). Stations S1 and S2 were
the least diverse with 3 species each while stations S3, E1, E2, E3 had 8 species, 14 species,
8 species and 6 species respectively. The calculated percentage of occurrence allowed us to
determine the taxa according to their frequency of occurrence in the ecosystem (Table 1).
04 species were constant in stations. These were Closterium kuetzingii (station D3),
Staurastrum elongatum (station D1) S. /eptoc/adum (station D3) and S. sp. (station D2). The
rest of the species are classified as rare except for Closterium aciculare (stations D1 and
D2), C. acutum var. linea (station D2), C. gracile (station D1), Staurastrum elongatum
(station D2), S. inflexum (station D3), S. /ongipes (stations D1 and D2), S. polymorhum
(stations D1), S. spl. (station D3), S. sebaldi (stations D2 and D3), S. subgracillimum
(stations D1 and D2), S. tetracerum (stations D1 and D3), S. tohopekaligense (station D3)
and S. vol/ans (station D1) which were accessory.

Table 1: Desmidiales identified during the study period

Taxonomie D1|D2|D3|E1|E2|E3|S1|S2|S3 Ft TD

Ordre : Desmidiales

1. Famille : Closteriaceae Bessey, 1907

Genre : Closterium Nitzsch ex Ralfs, 1848

C. aciculare West, 1860 XX | XX X [13.31]199
C. acutum var. linea Brébisson, 1848 XX X X x [10.26] 137
C. Cynthia De Notaris, 1867 7.69 | 126
C. diane Ehrenberg ex Ralfs, 1848 X 15.38] 127
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C. ehrenbergii Meneghini ex Ralfs, X 7.69 ] 12

1848

C. gracile Brébisson ex Ralfs, 1848 XX X X | 17.5]204

C. kuetzingii Brébisson, 1856 XX 19.23] 139

X

C. lanceolatum Kitzing ex Ralfs, X 7.69 | 41

1848

C. lineatum Ehrenberg ex Ralfs, 1848 X 7.69 | 46

C. moniliferum Ehrenberg ex Ralfs, 7.69| 4

1848

C. parvulum Ndgeli, 1849 X 15.38] 65

C. sp. x [ 10.26] 43

2. Famille : Desmidiaceae Ralfs, 1848

2.1. Genre : Cosmarium Corda ex Ralfs, 1848

C. contractum Kirchner, 1878 X 11.54] 105

C. cornutum Corda ex Ralfs, 1848 X 10.25]| 31

C. decoratum West & West, 1895 15.38] 13

C. majae Strém, 1922 7.69 | 2

C. ornatum Ralfs ex Ralfs, 1848 X 15.38] 70

C. pseudopyramidatum Nordstedt, 15.38] 19

1887

C. punctulatum Brébisson, 1856 X 7.69 1] 12

C.sp.1 X X 19.23] 190

C.sp.2 X | x| X 10.26] 40
2.2. Genre . Euastrum Ehrenberg ex Ralfs, 1848

E. sp. |x|x|x| | | | | | ‘10.26'319
2.3. Genre : Micrasterias Agardh ex Ralfs, 1848

M. radians Turner, 1893 | | | X | | | | | | ‘ 7.69 | 4
2.4. Genre : Pleurotaenium Nageli, 1849

P. trabecula Nigeli, 1849 ] x|l | Ix] | | [ze9] 7
2.5. Genre : Spondylosium West & West, 1912

S. planum (Wolle) West & West, 1912 X X 12.82] 654

S. secendeus (De Bary) Archer, 1861 X | X | X 10.25] 891

S. sp. X 15.38] 4

S. tetragonum West & West, 1892 X | X | X 10.26] 102

2

2.6. Genre : Staurastrum Meyen ex Ralfs, 1848

S. arcuatum var. subavicula Coesel X 7691 9

& Meesters, 2013

S. asperatum var. minus Behre 1956 X 15.38] 455

S. chaetoceros (Schroder) Smith, 15.38] 8

1924

S. cingulum (West & West) Smith, X 15.38]| 132

1922 5
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S. elongatum Barker, 1869 XX | XX | X | X | x| x X |26.78]| 169
X 1
S. excavatum West & West, 1895 X 15.38] 7
S. forficulatumvar. minus Gronblad et X 769 | 4
al., 1958
S. gladiosum Turner, 1885 X | X X 12.82] 126
8
S. inflexum Brébisson, 1856 XX 30.77| 137
0
S. laeve Ralfs, 1848 X 15.38] 21
S. leptocladum Nordstedt, 1870 XX | X | XX | XX | X X | X 28.20] 234
X 4
S. longipes (Nordstedt) Teiling, 1946 | xx | XX X | x| x 21.53]102
S. manfeldii Delponte, 1878 X | X | X 15.38] 484
S. nudibrachiatum Borge, 1903 X 7.69 2
S. pantanale Santos et al., 2013 X 7.69| 4
S. paradoxum Meyen ex Ralfs 1848 X | x| x 17.95] 30
S. polymorhum Brébisson, 1848 XX | Xx| X | x 25 714
S. pseudotetracerum (Nordstedt) X 7.691 19
West & West, 1895
S. sebaldi Reinsch, 1866 X | XX | xx| x | x X | x| x |17.31] 191
S. sp.1 X [ XX| X | X | X | X 17.94| 109
X
S. sp.2 XX X | X 17.94] 43
S. subgracillimum West & West, 1896 | xx | xx| x | X 23.08] 956
S. tetracerum Ralfs ex Ralfs, 1848 XX | X | Xx X X |16.92] 930
S. thomassonianum Compere, 1976 X 15.38] 21
S. tohopekaligense Wolle, 1885 X | X | Xx 23.08| 175
6
S. volans West & West, 1895 XX | X | X | X | x x | 15.38] 172
2.7. Genre : Staurodesmus Teiling, 1948
S. convergens (Ehrenberg ex Ralfs) X | X | X | X 17311178
Lillieroth, 1950
S. megacanthus (P.Lundell) Thunmark, X 7.69 5
1948
S. subulatus (Kitzing) Croasdale, X X 7.69 | 25
1957
S. triangulis (Lagerheim) Teiling, X 7.69 | 2
1948
2.8. Genre : Xanthidium Ehrenberg ex Ralfs, 1848
X. bifidum (Brébisson) Deflandre, X 7.69 2
1929
X. cristatum Brébisson ex Ralfs, 1848 | x X 11.54] 10
X. octocorne Ehrenberg ex Ralfs, X 7.69 1
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1848 I O O
Xx=0%" F°25%; xx= 25%< F*50%; xxx= 50% < F*75%; xxxx= 75%< F “100%; xxxxx=F =
100%

F = occurrence Frequency (%) Ft = Total occurrence Frequency (%) ; TD = Total Density
(ind./L)

The density of phytoplankton recorded in the different stations fluctuated between 9 ind./L
and 11835 ind./L with a total density of 18784 ind./L (Figure 5). The stations of the fluvial
estuary D1 (3839 ind./L), D2 (2825 ind./L) and D3 (11835 ind./L) presented the highest
densities (98%) while the stations of the intermediate E1 (120 ind./L), E2 (78 ind./L), E3 (21
ind./L) and marine estuary, S1 (9 ind./L), S2 (18 ind./L) and S3 (39 ind./L) were slightly
dense (1.17% and 0.35% respectively). This density of Desmidiales in the fluvial estuary
varied significantly between the fluvial estuary and the intermediate and marine estuaries
(P*0.001).
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Figure 5: Density variation in the study stations

3.2.2.2. Structure of the algal population

On the 09 genera identified, Staurastrum (74.17%) with species S. /eptoc/adum (2344 ind./L)
and Spondylosium (25.38%) with species S. secendeus (891 ind./L) were the most abundant
(Figure 6A). Similarly, the genera Micrasterias (0.02%), Pleurotaenium (0.04%) and
Xanthidium (0.07%) were the least abundant and the species Xanthidium octocorne was
poorly represented with a density of 1 ind./L in the station D1.

The spatial variation of the Shannon and Weaver diversity index (H’) and Pielou regularity
index (J) in the stations show the lowest values of the H' index at stations S1 (1.44
bits/index) and S2 (1.35 bits/ind.) in the marine estuary, while the highest were recorded at
stations D1 (4.13 bits/index), D2 (3.43 bits/ind.) and D3 (3.83 bits/ind.) in the fluvial
estuary (Figure 6B). The station S3 (2.81 bits/index) and the stations in the intermediate
estuary E1 (3.14 bits/index), E2 (2.45 bits/ind.) and E3 (2.33 bits/ind.) showed intermediate
values. All this reflects a low diversity of species (2.14 + 0.98 bits/ind.). The J index varied
from 0.67 to 0.93, reflecting a tendency for individuals of the different species to be equally
distributed among the different stations.
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Figure 6: Density of genera (A), and spatial variation of Shannon-Weaver index and Pielou
regularity (B) in the study stations

The values of the degree of similarity between the different stations ranged from 0% to 100%
(Table 2). The highest value (100%) was obtained between stations S1 and S2, and the lowest
(0%) was obtained between stations S1 and E3 on the one hand and S2 and E3 on the other
hand. This similarity is higher between the stations in the fluvial estuary compared to the
intermediate and marine estuaries with an average of 66.67%, 50.73%, and 45.47%

respectively.

Table 2: Sérensen’s similarity coefficients (%) calculated between the different stations

Stations | D1 D2 D3 El E2 E3 S1 S2
D2 68,5

D3 75,6 | 64,9

El 44,4 | 44,9 | 34,5

E2 29,8 | 38,1 | 27,5 | 52,2

E3 22,2 | 25 [ 204 |57,1 1429

S1 9,5 [ 10,8 ] 13 [ 222 | 36,4 0

S2 9,5 [ 10,8 ] 13 [ 222 | 36,4 0 100

S3 34 |1 38,1 |31,4 1435|375 14,3 | 18,2 | 18,2
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3.3. Principal Component Analysis of abiotic and biotic variables

The Principal Component Analysis (PCA) shows the existence of three blocks for the abiotic
variables and two blocks for the biotic variables. The two dimensions that characterize the
physicochemical parameters explain 74.3% of the variables (Figure 7A). pH, Suspend Solid,
Dissolved Oxygen and Turbidity were negatively correlated to dimension 1 (50.7%) and
group the stations of the fluvial estuary D1, D2, and D3 to form unit 1. Nitrates, Alkalinity,
Salinity and Electrical Conductivity were positively correlated to dimension 1 and group the
stations of the marine estuary S1, and S2 to form unit 2; but, negatively correlated to
dimension 2 and group the stations S3, E1, E2, and E3 to form unit 3.

For the biotic PCA, the 2 dimensions explain 88.4% of the species (Figure 7B). Here, almost
all species are positively correlated to dimension 1 (51.3%) which groups the fluvial estuary
stations D1, D2, and D3 to form unit 1 and contrasts it with the rest of the stations (unit 2).
The high salinity and electrical conductivity levels recorded in the stations of intermediate
and marine estuaries coincide with the low phytoplankton diversity and density recorded.

Dim2 (23.6%)
Dim 2 (38.1%)

Unit 2
Unit 1

i
0
Dim (507%)

Abiotic (Tem: Temperature, Oxy: Dissolved Oxygen, Sal: Salinity, Cond: Electrical
Conductivity, MES: Suspended Solids, Turb: Turbidity, Alc: Alkalinity) and biotic variables
(Claci: Closterium aciculare, Clacu: C. acutum var. linea, Clsp. Closterium sp., Cllin: C.
lineatum, Clpar: C. parvulum, Cocon Cosmarium contractum, Cocor: C. cornutum, Cosp:
Cosmarium sp., Cospl: C. Cosmarium sp.1, Eusp : Euastrum sp., Sppla: Spondylosium
planum, Spsec: S. secendeus, Sptet: S. tetragonum, S. sp., Sacha: Staurastrum chaetoceros,
Sacin: S. cingulum, Selon: S. elongatum, Sinf: S. inflexum, Salep: S. leptocladum, Saman: S.
mantfeldii, Salep: S. leptocladum, Salon: S. /longipes, Sapar: S. paradoxum, Sapol: S.
polymorhum, Saseb: S. sebaldi , Sasp.1: S. sp.1, Sasub : S. subgracillimum, Satet: S.
tetracerum, Stoh: S. tohopekaligense Savol: S. volans Socon: Staurodesmus convergens)

Figure 7: Principal Component Analysis of abiotic (A) and biotic (B) variables of mangroves
stations in the Cameroon estuary

4. Discussion

4.1. Physicochemical parameters
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The high general average water temperature in the study area is characteristic of a tropical
coastal zone (Sighomnou, 2004). The high water temperature values recorded at the
stations D1 and S1 are the result of the reduction in canopy cover and thus allowing the
water to follow the ambient thermal evolution as highlighted by Liechti et a/. (2004). The
slightly acidic to basic pH observed at stations in the Cameroon estuary is characteristic of
environments that dilute fresh and salt water, but also of the bedrock that drains the water
of the rivers. These results are close to those obtained in a part of the Douala estuary
(Fonge et al., 2013). Such temperature and pH values are favorable for the development of
green microalgae, which have a strong affinity for environments with high pH and
temperature (Assougnon et al., 2017).

The intrusion of water from the Atlantic Ocean loaded with mineral elements and its mixing
with fresh water from the continent, translates the profile of the Cameroon estuary (Wiley
and Chichester, 1980; Foussard and Etcheber, 2011). The dominant influence of salt water
on stations S1, S2 and S3 would justify the high salinity and electrical conductivity values
recorded (high than 1 % and 1.5 mS/cm respectively). The stations E1, E2 and E3 are
depending on the size of the tides, weakly or strongly impacted allowing salinity and
electrical conductivity to vary respectively from 0 to more than 1 % or “1 mS/cm. Atlantic
Ocean water would increase salinity, electrical conductivity and alkalinity, hence the strong
positive correlations between these variables r =0.98, r =0.36 and r =0.34 (P=0.01). On the
are hand, the weak tidal action on stations D1, D2 and D3 would be at the origin of the low
values of salinity, electrical conductivity obtained (lower than 1 % and 1.4 mS/cm
respectively).

As for the relatively low average SS content, it would be due to the lentic state of the water
within the mangroves, which favors particle decantation. Moisan and Pelletier (2008)
mention in this respect that suspended matter is likely to settle at calm points. The
sedimentation of Suspended Solids would therefore explain the low turbidity values
recorded in the intermediate and marine estuaries, hence the positive correlation between
these 2 variables (r=0.54; p=0.01). Nevertheless, the high levels recorded at the stations in
the intermediate (E3) and marine (S1) estuaries compared to the fluvial estuary would be the
result of the combined action of the waste from the Atlantic Ocean and the catchment areas
carrying the waste during rainy episodes (Al-Aubadi et a/.; 2019). These results are similar
to those obtained by Dikoume et al. (2016) in the lower catchments of the Sanaga river.

With regards to Dissolved Oxygen, the high variation in values obtained are similar to those
observed by Hilaluddin et a/. (2020) in the mangroves of the Malaysian estuary. The low
values in the stations D1 and D2 are believed to be the result of the presence of a high load
of reducing matter, particularly organic matter (Billen et a/., 1999) from the Sanaga river.
Similarly, the high values recorded correspond to the months of the rainy season. These
values characterize a high photosynthetic activity for the microalgae (Ramade, 2005) and
thus translate a high productivity of the phytoplanktonic biomass represented by the high
chlorophyll and pheopigment values during the whole study period (Lu et a/., 2016). The
physicochemical quality of the water varied from the fluvial estuary to the intermediate and
marine estuaries, but remained low in pollution at all stations.

4.2. Structure and dynamic of Desmidiales
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The 61 species recorded indicate a clearly diversified Desmidiales population in the
Cameroon estuary. This species richness is high compared to the 24 species recorded in the
mangroves of Cameroon in 2017 (MINEPDED-CRM 2017) and the 16 species recorded by
Santos et al. (2014) in the Bateias lagoon in Brazil. This difference can be explained by the
sampling effort but also by the fact that the lagoon is not very diverse (Santos et a/,. 2014).
The great diversity of microhabitats offered by rivers and forests in Amazonia, in contrast to
mangroves, allowed Mouhri et al. (1990) and Lopes and Bicudo (2003) to obtain a higher
specific diversity of 133 species and 98 species respectively.

The distribution of prokaryotic and eukaryotic organisms is strongly coupled to
physicochemical variables (Haralambidou et a/, 2010), including salinity. Salinity stress
would therefore lead to the modification of vital functions such as photosynthesis and
amino acid synthesis (Kawasaki et a/., 2001; Ozturk et a/., 2002 and Seki et a/., 2002). Thus,
of the 70 species identified in the coastal saltwater of Kuantan, Pahang, Malaysia by
Mohammad-Noor et al. (2013), no Desmidiales species were collected. The results of this
study indicate a reduction in diversity and density of Desmidiales as salinity and electrical
conductivity increased; hence the negative correlation (p=0.05 and p=0.01) recorded with
31 of the species that disappear when salinity and electrical conductivity increase. High
levels of these variables therefore have a negative effect on microorganisms (Wutipraditkul
et al.,, 2005), including Desmidiales. The introduction of Atlantic Ocean saltwater in the
stations of intermediate and marine estuaries would lead to a decrease in the diversity of
Desmidiales in this part of the Cameroon estuary. The salty oceanic water would thus play a
regulating role in the composition of species (Desmidiales) and biomass, and consequently
in water quality (Haralambidou et a/, 2010 and Zhou et al., 2016). In contrast, the high
values of diversity and density obtained in the stations of fluvial estuary suggest a low
impact of salinity and electrical conductivity on these organisms. However, driven by the
river current, the presence of species such as Closterium acutum, Staurastrum elongatum, S.
leptocladum, S. longipes, S. sebaldi, S. tetracerum and S. volans within the stations located
in intermediate and marine estuaries with their low density and Shannon and Weaver
diversity indices, would reflect a certain limited tolerance to salinity and electrical
conductivity; as well as a survival strategy based on sexual reproduction with the formation
of zygotes able to resist to the periods of stress.

The density of the phytoplanktonic population recorded was much lower than the 500 to
162,000 Cell/L collected by Mouhri et al. (1990). This could be explained by the lack of
sampling on substrate which is also a preferred habitat for Desmidiales (Mouhri et al/.,
1990); but also by the increasingly stressed environment due to the decrease in Dissolved
Oxygen levels, the ever-increasing increase in mineral elements and the impact of Salinity
and Conductivity in some stations. Furthermore, the abundance and dominance of species
of the genus Staurastrum is justified by the fact that it commonly represents 20-30 % of the
Desmidiales species (Bicudo and Menezes, 2006 and Gontcharov, 2008). These results are
similar to those obtained by Dellamano-Oliveira et a/. (2008) and Santos et a/. (2014), and
the 26 species obtained is close to the 21 species collected by Felisberto and Rodrigues
(2013). All this would reflect a capacity for growth and reproduction adapted to
environments with limited food resources; in contrast to species of the genus Micrasterias
characterized by oligotrophic water (Coesel, 1983). Consequently, the diversity and
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dynamics of Desmidiales in the different zones of the mangrove of the Cameroon estuary
are strongly impacted by abiotic riverine and oceanic variables.

5. Conclusion

Subject to deforestation, abusive fishing, pollutants from the watersheds and tidal
movements, the hydrobiological study of some mangroves of the Cameroon estuary
revealed that its waters are moderately oxygenated, very turbid, rich in Suspended Solids
and nitrates, with a low basic pH and high temperatures. Due to the influence of tidal
movements, part of the mangroves is impacted by salty water from the Atlantic Ocean. The
biological analysis revealed the presence of 61 species of Desmidiales (Zygnematophyceae)
dominated by the Desmidiaceae family and species of the genus Staurastrum, of which S.
leptocladum was the most abundant. Stations located in the freshwater estuary showed a
high specific richness and abundance in contrast to those located in the transitional and
saltwater zones. The strong negative correlation between almost all species and the stations
in the transitional and saline zones highlights the impact of the salinity and electrical
conductivity concentrations recorded on the dynamics of the Desmidiales. The increase in
the salinity of mangrove waters would lead to the disappearance of Desmidiales, thus
characterizing them as a freshwater phytoplanktonic group. The fight to safeguard this
coastal ecosystem should be stepped up while taking into account the impact of all
anthropic activities in the catchment areas and abiotic variables on biological diversity in
order to achieve sustainable biomonitoring.
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