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Abstract

A survey was undertaken from March to June 2014 on the biodiversity and the community structure of Chromista Cavalier-Smith,
1981 in Nyong and Kienke River mouths (South-Cameroon). In each river, raw waters were collected from upstream to
downstream at four sites. Cells were counted using the Malassez cells procedure and species were identified. A total of
10427.1x10° cells corresponded to three phyla, eight classes, 23 orders, 32 genera and 40 species (24 freshwater species (60.0% of
total species richness and total collection respectively), three marine species (7.5% and 2.4% of the total species richness; and total
collection respectively), and one brackish water specialist in Kienke (2.5% and 5.1%), 13 tolerant species (32.5% and 32.6%)).
The trophic diatom index revealed undisturbed conditions with no or little alteration of human origin and a low organic pollution
(oligotrophic or mesotrophic state) (Nyong: TDI=52.7; Kienke: TDI1=69.7; pooled assemblage: TDI=65.0). A low species richness
was detected (richness ratio in Nyong: d=0.008; Kienke: d=0.003; pooled rivers: d=0.004), a high species diversity (Shannon
index close to maximum) (Nyong: H’=2.742 and H’ ;,5=2.996; Kienke: H’=2.685 and H’,,=2.996; pooled rivers: H'=3.245 and
H’x=3.689), a very low dominance by a few species (Berger-Parker index close to 0) (Nyong: Igp=0.156; Kienke: 1gp=0.175;
pooled rivers: Igp=0.134), and Hill’s ratio were close to 1 (Nyong: Hill=0.819; Kienke: Hill=0.803; pooled rivers: Hill=0.722).
The community was highly even with a high value of the Pielou’s evenness close to 1 (Nyong: J=0.915; Kienke: J=0.896; pooled
rivers: J=0.880). Two useful species and one harmful species to fish were rare in Kienke. Species exhibited in Kienke and pooled
data in rainy season, a positive global net association while it was negative in Nyong. Assemblage fitted Preston’s model in
Nyong with a high environmental constant in the dry season (m’=1.469), low constant in the rainy season (m’=0.947) and the
pooled seasons (m’=0.853). In Kienke constants were low (dry season: m’=0.574; rainy season: m’=0.566; pooled seasons:
m’=0.581) suggesting a evolved community in less disturbed environments where the majority of species showed moderate
abundances. In the dry season, the pooled assemblage functionned on the basis of maintaining a complex information network
(close to ecological balance) developed at spatio-temporal scales (ZM model) and it presented a low force of regeneration (fractal
dimension of the distribution of individuals among species (1/y)=0.925<1). The evolved oligotrophic state (close to natural
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balance) of the chromists’ community should be preserved and protected and the studied rivers classified as reference.
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1. Introduction

According to the AlgaeBase, 50,589 species of living al-
gae and 10,556 fossil species are documented, referred to
four kingdoms (Eubacteria Woese & Fox, 1977; Chromista
Cavalier-Smith, 1981; Plantae Haeckel, 1866; and Protozoa
Goldfuss, 1818), 14 phyla, and 63 classes [1]. Algae are the
third most speciose grouping of plant-like after the flowering
plants (=382,000 species) and fungi (=170,000 species, in-
cluding lichens) [1]. The most species-rich phylum is the
golden and brown algae Heterokontophyta Moestrup, 1992
with 18 classes and 21,052 living species dominated by the
diatoms class Bacillariophyceae Dangeard, 1933 with 18,673
species (16,427 living species and 2,239 fossil) [1]. The next
most species-rich phyla are the red algae Rhodophyta Wettst.,
1901 (7,276 living species), the oxygenic photosynthetic
green algae (6,851 living species), the blue-green algae (Cy-
anobacteria Stanier, 1973 or Cyanobacteriota Oren et al.
2022: 5,723 living species), the charophytes (4,950 living
species, including Charophyceae with 511 living species, and
Zygnematophyceae with 4,335 living species), Dinoflagella-
ta (2956 living species, including Dinophyceae, 2,828 spe-
cies), and haptophytes (Haptophyta: 1,722 species with 517
living species) [1]. Chromista is distinguished from Plantae
and other phytoplankton because of its more complex chlo-
roplast-associated membrane topology and rigid tubular mul-
tipartite ciliary’s hairs [2]. Chromista (colored algae) possess
a brown plastid resulting from a primary or secondary endo-
symbiosis with red algae [3]. They represent one of the five
eukaryotic kingdoms in the seven-kingdom classification of
life [3-9]. Nowadays Chromista comprises six divisions
[golden or golden-brown algae Chrysophyta Pascher (1914);
red algae Cryptophycophyta; Haptophyta Caval.-Sm., 1986;
brown algae Phaeophyta Kjellman, 1891; dinoflagellates
Pyrrophycophyta; and yellow-green algae Xanthophyta Al-
lorge, 1930, emend. Fritsch, 1935]. It compreses seven clas-
ses, 53 orders, 151 families, 487 genera, 2,029 species, one
subspecies and 138 varieties [10]. Chysophyta includes one
class (Chrysophyceae Pascher, 1914), 10 orders, 23 families,
74 genera, 288 species, and 36 varieties [10]. Cryptophyco-
phyta includes one class, six families, 14 genera, 83 species,
and four varieties [10]. Haptophyta includes one class, three
orders, 10 families, 45 genera, and 90 species [10]. Phae-
ophyta includes one class, 12 orders, 35 families, 156 genera,
498 species, and 51 varieties [10]. Pyrrophycophyta includes
two classes, 20 orders 57 families, 145 genera, 913 species,
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one subspecies, and 39 varieties [10]. Xanthophyta includes
about 600 species and many of the 100 known genera con-
tain only a few species [6]. It includes one class (Xantho-
phyceae), seven orders, 20 families 53 genera 157 species,
and eight varieties, [10]. Based on the number of families,
the descending ranking of the well-represented classes is as
follows: the diatoms Bacillariophyceae (92 families; 3,399
species), Dinophyceae (55 families; 911 species), Phae-
ophyceae (35 families; 498 species), Chrysophyceae (23
families; 288 species), Xanthophyceae (20 families; 157 spe-
cies), Prymnesiophyceae (10 families; 90 species), Crypto-
phyceae (six families; 83 species), Chloromonadophyceae
(two families; two species), and Cyanophyceae (more than
150 genera; 7,500 species). But these numbers are clearly
below reality because the group has remained unknown to
scientists for a long time and several forms are undetermined
[7]. Chromists (colored algae) include the majority of marine
species, brackish water specialists, freshwater species and
terrestrial species as well as heterotrophic protists whether
marine, brackish or freshwater. For these reasons, the
Chromista kingdom is very important for the ocean and
freshwater ecology [11]. As photosynthetic species they are
essential primary producers of the aquatic food webs for fish
and other macro invertebrates as well as mocrovertebrates,
and they also have an economic importance as oxygen pro-
ducers [12], or as bioindicators of the water quality (due to
the preference of each species for aquatic environments with
very specific physicochemical characteristics) [13-22], or as
biofertilizer from their N-fixing endosymbionts [for example
similar to other species of Epithemia, Ep. turgida (Baccillar-
iophyceae:  Rhopalodiales:  Rhopalodiaceae)  contains
N-fixing Cyanobacteria, these endosymbionts enable algae
cells to become abundant in microhabitats with a low N/P
ratio and they are frequently abundant as epiphyte on Clad-
ophora and other coarse filamentous algae (particularly in
western rivers) [23], or as detoxifiers of wastewater polluted
with antibiotics (case of Chaetoceros muelleri (Bacillari-
ophyta: Baccillariophyceae: Chaetocerotanae incertae sedis:
Chaetocerotaceae) which is an appealing solution to remove
certain antibiotics such as sulfamethoxazole and ofloxacin
from wastewater) [24]. Several species of Chromista show a
detrimental ecological impact as producers of toxins harmful
to aquatic living organisms [25-30]. This is the case of the
genus Ceratium (Dinophyceae: Gonyaulacales: Ceratiaceae)
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which sometimes causes dramatic blooms in lakes and re-
sponsible of fish mortality [31]. This is also the case of the
genus Chaetoceros which is non-toxic to humans but harmful
to fish and invertebrates (especially in intensive aquaculture
systems) by damaging or clogging their gills [32]. Several
species of Chromista are responsible of zoonoses, as the case
of oomycetes Saprolegnia responsible of the saprolegnosis
pathology in fish [33] and the case of labyrinthulomycetes
that cause diseases in aquatic animals [34]. Apart from the
harmful impact reported in several species, some species
(case of labyrinthulomycetes) live as commensals or mutual-
ists within the guts and tissues of aquatic invertebrates and
they are saprobic on animal faeces and molluscs shells [34].
These potentialities make Chromists good bio-indicators of
the water quality of life.

Nyong and Kienke river mouths (South Cameroon) are
source of drinking water and fishing activities [35]. Residents
depend on artisanal small-scaled fishing using canoes for
household consumption [36, 37] and to supply the neighbour-
ing urban areas [37]. Nevertheless, the demand is growing and
fishermen complain about the deterioration of the fish re-
sources for many reasons including irresponsible fishing prac-
tices (use of pesticides) and the poor land use management
[35]. In this region, the community structure of aquatic micro
algae is little known, except works concerning the tidal varia-
tion impact on the abundance of phytoplankton in the Nyong
estuary [38], seasonal variation of the water quality and the
composition of the phytoplankton communities in lower
Nyong estuary [39], influence of physico-chemical parameters
on the zooplankton dynamics in Kienke estuary [40], the water
quality, the biodiversity and abundance of blue-green algae in
Nyong and Kienke River mouths [41]. But nothing is known
concerning the zoonotic chromists, the toxigenic species, those
useful for the nutrition of fish. The place occupied by harmful
species in the community. The present study aimed to estab-
lish a baseline of information on the distribution of chromists,
as a first step in evaluating the status and the occurrence of
species known as bio-indicators of the aquatic life quality
(useful species or producers of toxins).

2. Materials and Methods

2.1. Study Sites

Studies took place in 2014 at the Nyong river mouth mouth
(0316'40.71"N,  099%327.21"E  and  03<14'58.41"N,
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09%6'41.07"E) (Figure 1A) and the Kienke river mouth
(02<22'4.06"N, 094832.20"E  and  02<17'56.31"N,
09%50'55.94"E) (Figure 1B), situated in the Southern coastal
zone of Cameroon [41]. They are separated by a distance of
111.1 km. The prevailing climate is tropical with rainfall even
during the driest months (December and January: 54.2 mm
and 33.8 mm respectively) [41, 42]. The average air tempera-
ture ranges from 24.4<C (August) to 26.7<C (March) and the
average rain fall ranges from 116 mm (January) to 340 mm
(September). The average air humidity ranges from 84.0%
(January to March) to 87.0% (September and October) [41,
42]. Four seasons are defined: a long dry season (late Novem-
ber-February), a short rainy season (March-June), a short dry
season (July-August) and a long rainy season (early Septem-
ber-early November) [36, 41]. Soils are acidic, yellow ferralit-
ic types, poor in minerals and organic matters and soils on
gneiss outcrop cover the bulk between Campo and Kribi [36,
41]. Many streams crossing the region are influenced by the
equatorial climate [36, 41]. The main rivers (Nyong,
Lokoundje, Kienke, Lobe and Ntem) flow into the Atlantic
Ocean and the watercourses are used by the residents for tradi-
tional fishing or as waterways using canoes or other navigation
fleet [36, 41]. According to our recently published report [41]
Nyong and Kienke river mouths belong to the warm category
(temperature varying: 26.0 to 32.0<C). The pH varies from
slightly acidic (pH=6.1) to slightly basic (pH=8.9). The trans-
parency varies from 43.0 cm to 325 cm. The dissolved oxygen
(DO) varies from 0.4 to 39.5 mg.I"". The five-day biochemical
oxygen demand (BODs) varies from 5.0 to 50.0 mg.I"*. The
conductivity varies from 16.4 to 40,600.0 pLS.cm™. The nitrite
NO," contents varies from 0 to 27.0 mg.l'l. The nitrate NO3
contents varies from 0 to 9.9 mg.I". Ammoniacal nitrogen
(NH,") varies from 0.2 to 14.1 mg.I". Orthophosphate (PO,*)
content varies from 0 to 2.0 mg.I™. The chlorophyll a content
varies from 0.02 to 0.40 pg.I™. The biomass varies from 0.3 to
12.0 mg.c.I™. The faecal colliforms content varies from 75.0 to
1440.0 CFU. (100 ml)™ and the total suspended solids (TSS)
varies from 0 to 33.3 mg.I™.

2.2. Sampling Design

Samplings were set up from March to June 2014 in the
lower course of Nyong and Kienke mouths (Figure 1A), at
the same sampling points presented in our recent publication
[41]: four sites were selected 300 m from the shore of Nyong
and 30 m from the shore for Kienke.
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Figure 1. Location of the study sites in Southern coastal zone of Cameroon (southern province, Ocean department). A: Location of the
Nyong and Kienke River mouths; B: Location of the collection sites in the Nyong River mouth; C: Location of the collection sites in the

Kienke River mouth.

In each river, sampling sites were accessed using a wood-
en canoe (Nyong River mouth: site 1 at the beginning of the
estuary (3<16'1.79"N, 9%56'25.72"E), site 2 at the middle of
the estuary: (3<15'57.58"N, 9955'31.13"E; 1.71 km from site
1), site 3 at the transition with ocean water (3<15'38.99"N,
9%54'16.28"E; 4.11 km and 2.47 km from site 1 and site 2
respectively) and site 4 located in the coastal area of the
ocean (3<16'3.85"N, 9953'45.64"E; 5.15 km, 3.4 km and 1.3
km from site 1, site 2 and site 3 respectively)) (Figure 1B)
[41]. In the Kienke River mouth, locations of the sampling
sites were: site 1 near a residential camp (2<19'20.40"N,
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9%50'17.78"E), site 2 near a marshy area (2<20'14.06"N,
9%50'1.07"E; 1.9 km from site 1), site 3 at the transition with
the ocean (2<20'55.01"N, 949'22.47"E; 1.8 km and 3.5 km
from site 2 and site 1 respectively) and site 4 located in the
coastal area of the ocean (221'17.29"N, 94857.40"E; 4.8
km, 2.8 km and 1.1 km from site 1, site 2 and site 3 respec-
tively) (Figure 1C) [41]. In each river mouth, as site 4 was
situated far from the coast, an outboard boat permitted us to
reach it. Samsung 14.2 Mega Pixels and Kodak 9.2 Mega
Pixels cameras were used for the field shots. Coordinates of
the sites were taken using a Garmin GPS. As presented in our
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recent publication [41], three sampling sessions were done at
each site (one in March, June and August respectively). The
floating macro-particles were sampled and preserved in a
water sample in plastic petri dishes hermetically closed with
a plastic lid. For the microalgae detection, raw water was
sampled at the water surface and one-meter depth using a
Teflon ball and a two-litter Niskin messenger bottles and 150
ml transparent plastic polyethylene bottles and transported to
the laboratory using a 100 ml Coleman cooler containing
pieces of ice for temperature maintenance. Biological pa-
rameters of the sampled water (Chromista composition,
identification and counting) were carried out at the micro
algae laboratory of the Specialized Center for Research on
Marine Ecosystems at Kribi (AquaSol service). Chromista
cells concentration was determined using the Malassez cells.
In case of insufficient homogeneity, the assembly was re-
sumed using a new Malassez cell and the rehomogenized
raw water. Chromista cells were identified and for each spe-
cies, we counted the number of cells in ten randomly select-
ed squared grid areas and the average number (n;) of 10
Malassez’s squared grids and the final concentration were
recorded as c;=n;x10° cells.mI™. The total number of cells in
volume “v” was estimated as n;=C;v and data were compiled
in a species matrix database.

2.3. Species Identification and Data Analysis

Species identification was made using a Zeiss NR183268
series microscope and by referring to the descriptions, draw-
ings, dimensions and photographs in available dichotomous
keys [43-46], Update name of species and their natural envi-
ronment were obtained by referring to catalogs and websites
available online [11, 47-52]. In each assemblage the weighed
mean sensitivity (WWS) of the diatom community was de-
termined and the trophic diatom index (TDI) was calculated.
Data are given in terms of absolute and relative frequencies.
Two independents percentages were compared using the
Fisher’s exact test. For the simultaneous comparison of sev-
eral percentages, the asymptotic p-value or the exact p-value
was determined using the independent chi-square test or the
Fisher-Freeman-Halton test from StatXact software version
3.1.

Alpha diversity analysis allowed the determination of 15
indexes using PAST 3.05 software: absolute abundance of
the i" species n;, observed sample size n, relative abundance
of the ith species p;=(ni/n)*100, species richness S, maxi-
mum abundance Ny Or Ny, Margalef’s index Mg=(S-1)/In(n),
richness ratio d=S/n (0 for the low-rich communities and +1
for the optimal species-rich communities), Shannon-Weaver
diversity index H’ (0 for a single-species community and
H’nax=IN(S) for the perfect species regularity of abundances),
Simpson diversity index D (0 for a high diversities and +1
for a low diversities), Hill's N, diversity number (N,=e'") for
the estimated number of abundant species, Hill's N, diversity
number (N,=1/D) for the estimated number of co-dominants,
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Hill’s ratio N»/N; with 0<Hill<+1, Pielou’s evenness index
J=H’/In(S) with 0 for a perfect heterogeneity of the assem-
blage and +1 for a perfect balance of abundances, and Ber-
ger-parker dominance index ny./n with a low value reflect-
ing a high diversity. Comparison of the species richness was
performed using the individual rarefaction procedure. The
non-parametric estimator Chaol was used to estimate the
theoretical species richness T and the sampling effort was
estimated as (S/T)*100. The rank abundance plottings were
used to illustrate the shape of the species abundance distribu-
tions (SADs). The goodness of fit of each SAD to a theoreti-
cal model was assessed by calculating the Pearson correla-
tion between the logarithms of the numbers and the ranks of
the species and interpreted as follows: r<-0.95 for a fit of a
poor quality; r=-0.95 for a approximative fit; r~-0.98 for a
satisfactory fit; and r>-0.99 for an excellent fit. We used five
commonly used theoretical models to fit the curves: bro-
ken-stick (BS), log-linear (LL) model, lognormal (LN) mod-
el, Zipf (2) and Zipf-Mandelbrot (ZM). The best model was
selected using the Akaike Information Criteria (AIC) or the
Bayesian Information Criteria (BIC) (the best model pre-
sented the lowest AIC or BIC). The estimated sample size n*
was adjusted to the observed size n using the correction fac-
tor n/n* and the corrected models were given. The package
vegan of R 3.4.1 software helped us to adjust the SADs. BS
model (McArthur’s model) or model of contiguous
non-overlapping niches is based on a hypothetical form of
sharing of biotope resources between the species present and
in practical, this model is suitable for the analysis of com-
munities in which inter-species relationships are elementary,
competition being essentially limited to the level of the re-
source, such as physical space. This model has a single pa-
rameter x which represents the average abundance of species
[53]. LL model (preemption model) suggests that numbers of
species are distributed according to the geometrical progres-
sion (Motomura’s law) and the parameter m (Motomura’s
environmental constant with 0<m<1) is the antilogarithm of
the linear slope obtained by plotting species ranks (from the
most to the least abundant) on the x-axis and the logarithms
of corresponding abundances on the y-axis.

The species of the i rank in the ranking by decreasing
abundance has therefore a number of individuals proportion-
al to (K@A-KY its logarithm being of the form
(i-1)Log(1-k)+Log(k) which is a straight line of slope
Log(1-k). This model depends on the maximum abundance
of the top-ranking species n; and the Motomura’s environ-
mental constant m (the rate of decrease in abundance by rank)
[54]. According to the LN model, the logarithms of the
abundances are distributed symmetrically and randomly, on
either side of their mean, with a standard deviation of the
logarithm distribution c=square root of 1/m’, with m’ as the
Preston’s environmental constant. The adjustment line
Log(n;)=f(P;) with P; the probit of the cumulative percentage
linked to the ranks i, represents all the points, and makes it
possible to calculate the theoretical abundances which would
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be those of n species if the nomocenosis was rigorously
log-normal. For a species of rank i, we calculated the cumu-
lative percentage linked to this rank k;=100(i+0.5)/(S+1)
when S was odd or k;=100((i+1)+0.5)/(S+1) when S was
even, and then the probit Pi=P; was determined. The pack-
age “ecotoxycology” of R 4.1.0 software helped us to deter-
mine the probits. The regression line between Log(n;) and P;
has the relation: Log(n;)=aP;+b or n=(10")(10%)" where a and
b represented the slope and the elevation respectively of the
regression line Log(n;)=f(P;). Z model is based on the Zipf's
law [55], with abundances listed in descending order. Z
model is defined from two statistics: Q which is the sum of
all recorded abundances, also called sample size or the scale
parameter (normalization constant) and y (gamma) which is
the decay coefficient or the average probability of appear-
ance of a species and the relation is nj=Q(i)” where i repre-
sents the rank of the species ranked in decreasing order [56,
57]. ZM model n=Q(i+p)" is a generalized model in which a
new parameter [ (beta) is added (the degree of the niche di-
versification). ZM model characterizes evolved ecosystems,
where n; is the abundance of a particular species of the i
rank in the assemblage, the abundances being ranked in de-
creasing order, Q=n;(1+B)" represents the normalizing con-
stant, n; is the maximum species abundance, S is the total
number of species and 1/y represents the fractal dimension of
the distribution of individuals among species [58, 59]. Mar-
quardt's nonlinear least squares algorithm summarized by Le
et al. [57] and by Murthy [60], was used to estimate 3 and vy,
iterations starting with an initial guess value x,=(0; 2)" at
k=0, a tolerance of the functional value &, the damping factor
A and the modest value A,=100. For a vector x; we computed
the equation n;(1+p)'=Q, the gradient Vf(x;) and the Hessian
matrix Hi. At the kth iteration f(x,) was determined and the
equation X1 =X—(H+AI)'Vf(x) was solved and f(x..1) was
determined. When f(xx+1)<f(xs) we changed the value of
M1=Md2 and when f(xy.1)>f(x,) we changed the value of
M+1=2\. Iteration was stopped when the solution met the
desired convergence criteria [f(x,)-f(Xx.1)|<e.

For the beta diversity analysis, the dissimilarity between
the collection sites, mouths and rivers was evaluated using
the Bray-Cutis index. The overall species covariance was
evaluated using Schluter’s procedure [61]. Between species
correlation was evaluated using the Kendall’s tau correlation.

3. Results

3.1. Inventory of Species and Abundances

A total of 10,427.1x10° cells were collected (dry season:
833.3x10° cells (8.0%); rainy season: 9,593.8x10° cells
(92.0%)), divided into 2,458.3x10° cells (23.6%) from
Nyong (dry season: 145.8x10° cells (1.4%); rainy season:
2,312.5x10° cells (22.2%)) and 7,968.8x10° cells (76.4%)
from Kienke (dry season: 687.5x10° cells (6.6%); rainy sea-
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son: 7,281.3x10° cells (69.8%)) (Table 1). Cells belonged to
three phyla, eight classes, 23 orders, 32 genera and 40 spe-
cies. Phyla were Dinoflagellata Biischli 1885 sensu Gomez
2012 (33.3% of the total collection) exclusively in Kienke,
and two phyla (66.7%) (Bacillariophyta Dillon, 1963, and
Ochrophyta Cavalier-Smith, 1995) common to the two
mouths (Table 1). Bacillariophyta was the most collected
phylum (71.7%), followed by Ochrophyta (22.6.7%), and
Dinoflagellata (5.7%). Percentage of Bacillariophyta was
significantly high than that of other phyla (Fisher’s Exact test
with df=1: p=0.004 in the dry season; Fish-
er-Freeman-Halton test: df=2, p<0.001 in the rainy season
and in the pooled rivers respectively). Fisher’s exact test
showed significantly high occurrence in Kienke than Nyong
(Bacillariophyta: p=1.2x10™*" in the dry season; p<0.001 in
the rainy season and the pooled rivers; Dinoflagellata:
p=5.2x10"% in the rainy season and the pooled rivers;
Ochrophyta: p=2.8x10™* in the dry season; p<0.001 in the
rainy season and the pooled rivers; global assemblage:
p=5.2x10% in the dry season; p<0.001 in the rainy season
and the pooled rivers).

Classes were Xanthophyceae Allorge ex Fritsch, 1935 ex-
clusively in Nyong, three classes (Chrysophyceae Pascher,
1914, Cryptophyceae Fritsch, 1927, and Dinophyceae Fritsch,
1927) exclusively in Kienke, and four classes (Bacillari-
ophyceae Haeckel, 1878, Coscinodiscophyceae Round & R.
M. Crawford, 1990, Eustigmatophyceae D. J. Hibberd &
Leedale, 1970, and Mediophyceae Medlin & Kaczmarska,
2004) common to the two river mouths. Making five classes
(62.5%) in Nyong and seven classes (87.5%) in Kienke. Ba-
cillariophyceae was recorded during all seasons in both
mouths. Chrysophyceae and Dinophyceae were recorded
only during the rainy season in Kienke. Coscinodis-
cophyceae was recorded during the rainy season in both
mouths. Cryptophyceae was recorded during the dry season
in Kienke. Eustigmatophyceae was recorded during the rainy
season in both mouths. Mediophyceae was recorded during
the dry season in Nyong and during both seasons in Kienke.
Xanthophyceae was recorded during the dry season in Nyong.
Ochrophyta was the most represented phylum with six clas-
ses (75.0%) while Bacillariophyta and Dinoflagellata were
represented each by one class (12.5%). Bacillariophyceae
was the most recorded class (68.9% of the total collection),
followed very far by Coscinodiscophyceae (9.2%), Eustig-
matophyceae (7.2%), Dinophyceae (5.7%), Mediophyceae
(4.4%), Cryptophyceae (3.6%), while other classes were
represented each by less than 1.0% of the total collection.
Percentages of classes were significantly higher during the
rainy season than the dry season (Fisher’s exact test: p<0.001)
and they significantly were higher in Kienke than in Nyong
(Fisher’s exact test: p<0.001).

Six orders (26.1%) were recorded exclusively in Nyong
(Achnanthales P. C. Silva, 1962, Aulacoseirales R. M.
Crawford, 1990, Coscinodiscales Round (d) & R. M. Craw-
ford, 1990, Mischococcales F. E. Fritsch, 1927 (Xantho-
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phyceae), Rhabdonematales Round (d) & R. M. Crawford
(d), 1990, and Thalassiophysales D. G. Mann, 1990). Ten
orders (43.5%) were collected exclusively in Kienke
(Chaetocerotanae incertae sedis as temporary name since the
classification is controversial, Chromulinales Pascher, 1910,
Cryptomonadales Pringsheim (d), 1944, Gonyaulacales F. J.
R. Taylor, 1980, Mastogloiales D. G. Mann (d), 1990,
Melosirales R. M. Crawford (d), 1990, Phytodiniales T.
Christensen, 1962 ex Loeblich 1970, Rhizosoleniales P. C.
Silva (d), 1962, Rhopalodiales D. G. Mann, 1990, and
Thalassiosirales Glezer (d) & I. V. Makarova (d), 1986).
Sevent orders (30.4%) were common to the two river mouths
(Bacillariales Hendey, 1937 sensu emend, Cymbellales D. G.
Mann, 1990, Fragilariales P. C. Silva (d), 1962, Gonio-
chloridales K. P. Fawley (d), M. Elia§ (d) & M. W. Fawley
(d), 2014, Naviculales Bessey, 1907, Stephanodiscales Ni-
kolaev (d) & Harwood (d), 1997, and Surirellales D. G.
Mann (d), 1990). Making 13 orders (56.5%) in Nyong and
17 orders (73.9%) in Kienke. The most represented class was
Bacillariophyceae (52.2% of the recorded orders; 68.9% of
the total collection), followed by Coscinodiscophyceae (17.4%
of the recorded orders and 9.2% of the total collection), Di-
nophyceae (8.7% of the recorded orders and 5.7% of the total
collection), Eustigmatophyceae (4.3% of the recorded orders
and 7.2% of the total collection), Mediophyceae (4.3% of the
recorded orders and 4.4% of the total collection), Crypto-
phyceae (4.3% of the recorded orders and 3.6% of the total
collection), while Chrysophyceae and Xanthophyceae were
each represented by one order (4.3% of the recorded orders,
and less than 1.0% of the total collection). Melosirales was
the most collected order (13.4% of the total collection), fol-
lowed by Bacillariales (12.2%), Cymbellales (10.8%), Suri-
rellales (10.8%), Goniochloridales (7.2%), Rhizosoleniales
(7.0%), Fragilariales (6.3%), Thalassiosirales (3.9%), Steph-
anodiscales (3.8%), Cryptomonadales (3.6%), Mischococ-
cales (3.6%), Cryptomonadales (3.5%), Naviculales (3.2%),
Gonyaulacales (3.0%), Thalassiophysales (2.8%), Phytodin-
iales (2.7%), Achnanthales (2.6%), Aulacoseirales (2.2%),
and Rhopalodiales (1.2%). Other orders were represented
each by less than 1.0% of the total collection.

Ten families (38.5%) were recorded exclusively in Nyong
(Achnanthaceae, Amphipleuraceae, Anomoeoneidaceae, Au-
lacoseiraceae, Catenulaceae, Cocconeidaceae, Coscinodis-
caceae, Ophiocytiaceae, Pinnulariaceae, and Tabellariaceae)
(Table 1). Ten families (38.5%) were recorded exclusively in
Kienke (Ceratiaceae, Chaetocerotaceae, Cryptomonadaceae,
Diploneidaceae, = Gomphonemataceae, = Mastogloiaceae,
Melosiraceae, Phytodiniaceae, Rhizosoleniaceae, and
Rhopalodiaceae) (Table 1). Six families (23.1%) were com-
mon to both river mouths (Bacillariaceae, Dinobryaceae,
Fragilariaceae, Goniochloridaceae, Stephanodiscaceae, and
Surirellaceae) (Table 1). Making 16 families (61.5%) in
Nyong and Kienke respectively. Based on the number of
families, the most represented order was Naviculales [three
families (11.5%, 3.1% of the total collection) (Table 1). It
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was followed by Achnanthales and Cymbellales [two fami-
lies each (7.7%), 2.6% and 10.8% of the total collection re-
spectively)] (Table 1). Other orders were each represented by
one family (3.8%) (Table 1). Melosiraceae was the most col-
lected family (13.4% of the total collection), followed by
Bacillariaceae (12.2%), Surirellaceae (10.8%), Gomphone-
mataceae (9.6%), Stephanodiscaceae (7.7%), Gonio-
chloridaceae (7.2%), Rhizosoleniaceae (7.0%), Fragilaria-
ceae (6.3%), Cryptomonadaceae3.5%), Ceratiaceae (3.0%),
Catenulaceae (2.8), Phytodiniaceae (2.6%), Aulacoseiraceae
(2.2%), Diploneidaceae (1.9%), Cocconeidaceae (1.4%),
Achnanthaceae  (1.2%), Anomoeoneidaceae  (1.2%),
Rhopalodiaceae (1.2%) (Table 1). Other families were rare
and represented each by less than 1.0% of the total collection.
Twenty species (50.0%) and no common species where rec-
orded in each river mouth (Table 1). Five species (12.5%)
were collected in the dry season (Table 1). Fifteen species
(37.5%) were collected in the rainy season (Table 1).

Twenty-one species (52.5%) were common to both sea-
sons (Table 1). In the pooled data from the two river mouths,
six species (15.0%) were collected in the dry season and 34
species (85.0%) were collected in the rainy season (Table 1).

In Nyong, three species (7.5%) were recorded in the dry
season (Cyclotella meneghiniana var. meneghiniana Kiizing,
1844 (Stephanodiscaceae), Denticula elegans Kiizing, 1844
(Bacillariaceae), and Ophiocytium cochleare (Eichwald) A.
Braun 1855 (Ophiocytiaceae)) (Table 1). Seventeen species
(42.5%) were collected exclusively in the rainy season
(Achnanthes exiguoides Compé&e, 1967 (Achnanthaceae),
Amphora ovalis (KUzing) Kiizing, 1844 (Catenulaceae),
Anomoeoneis sphaerophora E. Pfitzer, 1871 (Anomoeonei-
daceae), Aulacoseira granulata (Ehrenberg) Simonsen, 1979
(Aulacoseiraceae), Campylodiscus noricus Ehrenberg ex
Kuzing, 1844 (Surirellaceae), Cocconeis placentula var.
placentula Ehrenberg 1838 sensu Jahn et al. 2009) (Coscino-
discaceae), Coscinodiscus rudolfi Bachmann, 1938
(Coscinodiscaceae), Cymatopleura solea var. apiculata W.
Smith, 1853 (Surirellaceae), Cymatopleura solea var. bai-
calensis Skvortzow & Meyer, 1928 (Surirellaceae), Dip-
loneis arctica (Lange—Bertalot) Lange—Bertalot & A. Fuhr-
mann, 2016 (Diploneidaceae), Fragilaria construens f. con-
struens (Ehrenberg) Grunow, 1862 (Fragilariaceae), Frus-
tulia adnata Kiizing, 1833 (Amphipleuraceae), Goniochloris
mutica (A. Braun) Fott, 1960 (Goniochloridaceae),
Hantzschia amphioxys (Ehrenberg) Grunow, 1880 (Bacillar-
iaceae), Nitzschia sigma (Kiizing) W. Smith, 1853 (Bacil-
lariaceae), Pinnularia cardinaliculus var. ceylonica Skvort-
zow, 1930 (Pinnulariaceae), and Tabellaria flocculosa (Roth)
Kizing, 1844 (Tabellariaceae)) (Table 1). No common spe-
cies was recorded.

In Kienke, three species (7.5%) were recorded exclusively
in dry season (Chaetoceros muelleri Lemmermann, 1898
(Chaetocerotaceae), Cryptomonas erosa Ehrenberg 1832
(Cryptomonadaceae), and Surirella linearis f. kolhapurensis
Sarode & Kamat, 1984 (Surirellaceae)) (Table 1).
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Seventeen species (42.5%) were collected exclusively
during the rainy season (Ceratium hirundinella (O. F. Mler)
Dujardin, 1841 (Ceratiaceae), Cyclotella stelligera Cleve &
Grunow, 1882 (Stephanodiscaceae), Denticula thermalis var.
fossilis Frenguelli, 1936 (Bacillariaceae), Diploneis ovalis
var. pumila (Grunow) Cleve, 1894 (Diploneidaceae), Cys-
todinium unicorne G. A. Klebs, 1912 (Phytodiniaceae), Di-
nobryon sertularia Ehrenberg, 1834 (Dinobryaceae), Epi-
themia turgida var. turgida (Ehrenberg) Kuzing, 1844
(Rhopalodiaceae), Gomphonema olivaceum (Lyngbye)
Desmaziéres, 1825 (Gomphonemataceae), Goniochloris gi-
gas Bourrelly (Goniochloridaceae), Mastogloia smithii
Thwaites ex W. Smith, 1856 (Mastogloiaceae), Ni. trybli-
onella Hantzsch, 1860 (Bacillariaceae), Melosira granulata
var. angustissima Otto Mudler, 1899 (Melosiraceae),
Nitzschia amphibia Grunow, 1862 (Bacillariaceae)) (Table
1). Other species were Rhizosolenia longiseta O. Zacharias,
1893 (Rhizosoleniaceae), Stephanodiscus astraea (Ehren-
berg) Grunow, 1880 (Stephanodiscaceae), Surirella capronii
Brébisson & Kitton, 1869 (Surirellaceae), and Synedra ulna

(Nitzsch) Ehrenberg, 1832 (Fragilariaceae) (Table 1). No
species was common to both seasons. In the pooled distribu-
tion, the most specious family was Bacillariaceae [six spe-
cies (15.0%): three species (7.5%) in each river mouth], fol-
lowed by Surirellaceae (five species (12.5%); two species
(5.0%) in Kienke and three species (7.5%) in Nyong),
Stephanodiscaceae (three species (7.5%); one species (2.5%)
in Nyong and two species (5.0%) in Kienke) (Table 1). Dip-
loneidaceae and Fragilariaceae were each represented by two
species (5.0% divided into one species (2.5%) in Nyong and
Kienke respectively). Other families were each represented
by one species (2.5%) in Nyong or Kienke (Table 1). Me.
granulata was the most collected species (13.4%), followed
by Go. olivaceum (9.6%), Rh. longiseta (7.0%), Gn. gigas
(6.4%), De. thermalis and Sy. ulna (5.1% respectively), St.
astraea (3.9%), Ca. noricus (3.7%), Cr. erosa (3.6%), Ni.
amphibia (3.6%), Cc. stelligera (3.2%), Ce. hirundinella
(3.0%), Am. ovalis (2.8%), Cy. unicorne (2.6%), Su linearis
(2.4%), Su. capronii (2.3%), Au. granulata (2.2%), Ha. am-
phioxys (2.1%). Other species were rare (Table 1).

Table 1. Absolute and relative abundances of the Chromista species in the Nyong (A) and Kienke (B) River mouths.

Families/Species References Al (%) A2 (%)
Achnanthaceae Kiiz., 1844

Ac. exiguoides™®' [43] - 125.0 (1.2)
Amphipleuraceae Grunow (d), 1862

Fr. adnata *®' [49] - 62.5 (0.6)
Anomoeoneidaceae D. G. Mann, 1990

sApnr;aerophora**#’B' [21,43] i 1250(12)
Aulacoseiraceae R. M. Crawford, 1990

Au. granulata *' 51533419321 - 229.2 (2.2)
Bacillariaceae Ehrenb., 1831

De. elegans *&' [11] 62.5(0.6) -

De. thermalis ™®' [11] - -

Ha. amphioxys "Bl [21, 43, 49] - 218.8 (2.1)

Ni. amphibia *&' 536 429? 43, - -

Ni. sigma #B! [22, 43, 49] - 20.8 (0.2)

Ni. tryblionella #*B1  [43] - -
Catenulaceae Mereschkowsky, 1902

Amphora ovalis *B'  [21, 43] - 291.7 (2.8)
Ceratiaceae Kofoid, 1907

Ce. hirundinella 8L [44] - -
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Total (%) B1 (%0) B2 (%) Total (%)
125.0(1.2) - - .

62.5 (0.6) - - -
1250(12) - - .
2292(22) - - -

62.5 (0.6) - - -

- - 531.3 (5.1) 531.3 (5.1)
218.8 (2.1) - - -

- - 375.0 (3.6) 375.0 (3.6)
20.8(0.2) - - -

- - 62.5 (0.6) 62.5 (0.6)
2917 (2.8) - - -

- - 312.5 (3.0) 312.5 (3.0)
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Families/Species References

Chaetocerotaceae Ralfs (d), 1861

1,US,ITP [2 1]

Ch. muelleri
Cocconeidaceae Kiizing, 1844

[14, 21, 43,
48]

Co. placentula **5!

Coscinodiscaceae Kiizing, 1844
Cs. rudolfi 2! [15, 43]
Cryptomonadaceae Ehrenberg, 1831

*#,BI [52]

Cr. erosa

Dinobryaceae Ehrenberg, 1834

Di. sertularia "*&' [52]
Diploneidaceae D. G. Mann (d), 1990

Dp. arctica*®' [63]

Dp. ovalis *&! [11]

Fragilariaceae Kiizing, 1844
[13, 21, 43]
[16, 43, 49]

Fr. construens “*E!

Synedra ulna *&'
Gomphonemataceae Kiizing, 1844
Go. olivaceum *&' [16, 48]
Goniochloridaceae Bailey (d)
[43]
[45]

Gn. gigas *®!

Gn. mutica*®'
Mastogloiaceae Mereschkowsky, 1903

Ma. smithii #&' [43]
Melosiraceae Kiizing, 1844

REBL (43, 48]

Me. granulata

Ophiocytiaceae Lemmermann, 1899

Op. cochleare *&! [50]
Phytodiniaceae Klebs, 1912
Cy. unicorne *&' [44]

Pinnulariaceae D. G. Mann (d), 1990
Pi. cardinaliculus*®'  [62]
Rhizosoleniaceae De Toni, 1890

Rh. longiseta *&! [43]

Rhopalodiaceae Topachevs'kyj (d) & Oksiyuk (d), 1960

a +,US(NF)

Ep. turgid [16, 23, 48]

Stephanodiscaceae 1. V. Makarova (d), 1986

Cc. meneghiniana

#,1,BI [43, 48, 49]

Al (%)

20.8 (0.2)

62.5 (0.6)

A2 (%)

145.8 (1.4)

62.5 (0.6)

62.5 (0.6)

125.0 (1.2)

83.3(0.8)

62.5 (0.6)
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Total (%)

145.8 (1.4)

62.5 (0.6)

62.5 (0.6)

125.0 (1.2)

83.3(0.8)

20.8(0.2)

62.5 (0.6)

62.5 (0.6)

B1 (%)

62.5 (0.6)

375.0 (3.5)

B2 (%)

83.3(0.8)

145.8 (1.4)

531.3 (5.1)

1000.0 (9.6)

666.7 (6.4)

62.5 (0.6)

1395.8 (13.4)

281.3 (2.6)

729.2 (7.0)

125.0 (1.2)

Total (%)

62.5 (0.6)

375.0 (3.5)

83.3(0.8)

145.8 (1.4)

531.3 (5.1)

1000.0 (9.6)

666.7 (6.4)

62.5 (0.6)

1395.8 (13.4)

281.3 (2.6)

729.2 (7.0)

125.0 (1.2)
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Families/Species

Cc. stelligera *B'

St. astraea *B!

References Al (%)

[17, 43, 48
49]

[13] -

Surirellaceae Kiizing, 1844

Ca. noricus *&!

Cm. apiculata
Cm. solea *&!
Su. capronii *&'

Su. linearis #&'

#,Bl1

[11] -
[21] -
[21] -
[43] -
[43] -

Tabellariaceae Kiizing, 1844

Ta. flocculosa

Total

Families

Achnanthaceae

Amphipleuraceae

Anomoeoneidaceae

Aulacoseiraceae

Bacillariaceae

Catenulaceae
Ceratiaceae
Chaetocerotaceae
Cocconeidaceae

Coscinodiscaceae

Cryptomonadaceae

Dinobryaceae

Diploneidaceae

Fragilariaceae

Gomphonemataceae

#1.BI

[13, 22, 43,
48, 49]

145.8(1.4)

Species

Achnanthes exiguoides *&'

Frustulia adnata #&'

Anomoeoneis sphaerophora ™*

Aulacoseira granulata *£"

Denticula elegans **'

De. thermalis var. fossilis &'

Hantzschia amphioxys #+5!

Nitzschia amphibia *®'

Ni. sigma #B!

#,1.BI

Ni. tryblionella

Amphora ovalis *&'

Ceratium hirundinella *E!

Chaetoceros muelleri ™

Cocconeis placentula !

Coscinodiscus rudolfi B!

Cryptomonas erosa B!

Dinobryon sertularia“*®'
Diploneis arctica *®'

Dp. ovalis var. pumila*®'

Fragilaria construens “#&!
Synedra ulna * &'

Gomphonema olivaceum *&'

A2 (%) Total (%)
385.4 (3.7) 385.4 (3.7)
62.5 (0.6) 62.5 (0.6)
187.5 (1.8) 187.5 (1.8)
62.5 (0.6) 62.5 (0.6)
2312.5(22.2) 2458.3(23.6)

Table 1. Continued.

References

[43]

[49]

[21]

[13, 19-21, 48, 49]
[11]

[11]

[21, 43, 49]
[16, 18, 21, 43, 48, 49]
[21, 43, 49]
[43]

[21, 43]

[44]

[21]
[14, 21, 43, 48]
[15, 43]

[52]

[52]

[63]

[11]
[13, 16, 21, 43]
[43, 49]

[16, 48]

37

B1 (%)

250.0(2.3)

687.5(6.6)

C1 (%)

62.5 (0.6)

62.5 (0.6)

375.0 (3.6)

B2 (%)

333.3(3.2)

406.3(3.9)

239.6 (2.3)

7281.3(69.8)

C2 (%)

125.0 (1.2)
62.5 (0.6)
125.0 (1.2)
2292 (2.2)

531.3 (5.1)
218.8 (2.1)
375.0 (3.6)
20.8(0.2)
62.5 (0.6)
291.7 (2.8)
3125 (3.0)

145.8 (1.4)
62.5 (0.6)

83.3(0.8)
62.5 (0.6)
145.8 (1.4)
125.0 (1.2)
531.3 (5.1)
1000.0 (9.6)

Total (%)

333.3(3.2)

406.3(3.9)

239.6 (2.3)
250.0 (2.3)

7968.8(76.4)

Total (%)

125.0 (1.2)
62.5 (0.6)
125.0 (1.2)
229.2 (2.2)
62.5 (0.6)
531.3 (5.1)
218.8 (2.1)
375.0 (3.6)
20.8 (0.2)
62.5 (0.6)
291.7 (2.8)
3125 (3.0)
62.5 (0.6)
145.8 (1.4)
62.5 (0.6)
375.0 (3.6)
83.3(0.8)
62.5 (0.6)
145.8 (1.4)
125.0 (1.2)
531.3 (5.1)
1000.0 (9.6)
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Families Species References C1 (%) C2 (%) Total (%)
Goniochloridaceae ~ Goniochloris gigas &' [43] - 666.7 (6.4) 666.7 (6.4)
Gn. mutica *UNEY [45] - 83.3(0.8) 83.3(0.8)
Mastogloiaceae Mastogloia smithii *&' [43] - 62.5 (0.6) 62.5 (0.6)
Melosiraceae Melosira granulata *fB! [43, 48] - 1395.8(13.4)  1395.8 (13.4)
Ophiocytiaceae Ophiocytium cochleare #B! [50] 208(0.2) - 20.8 (0.2)
Phytodiniaceae Cystodinium unicorne *&' [44] - 281.3 (2.6) 281.3 (2.6)
Pinnulariaceae Pinnularia cardinaliculus **' [62] - 62.5 (0.6) 62.5 (0.6)
Rhizosoleniaceae Rhizosolenia longiseta *&' [43] - 729.2 (7.0) 729.2 (7.0)
Rhopalodiaceae Epithemia turgida - US&P [16, 23, 48] - 125.0 (1.2) 125.0 (1.2)
Stephanodiscaceae Cyclotella meneghiniana *"8! [21, 43, 48, 49] 62.5(0.6) - 62.5 (0.6)
Cc. stelligera * & [17, 43, 48, 49] - 333.3(3.2) 333.3(3.2)
Stephanodiscus astraea 2! [13] - 406.3(3.9)  406.3(3.9)
Surirellaceae Campylodiscus noricus *&' [11] - 385.4 (3.7) 385.4 (3.7)
Cm. apiculata *&' [21] - 62.5 (0.6) 62.5 (0.6)
Cm. solea*®! [21] - 187.5 (1.8) 187.5 (1.8)
Surirella capronii *©! [43] - 239.6 (2.3) 239.6 (2.3)
Su. linearis &' [43] 250.0 2.4) - 250.0 (2.4)
Tabellariaceae Ta. flocculosa *+B! [13, 16, 21, 22, 43, 48, 49] - 62.5 (0.6) 62.5 (0.6)
Total 833.38.0) 9593.892.0) 10427.1(100.0)

Al. Nyong River mouth (x10° cells) in the dry season: A2. Nyong River mouth (x10° cells) in the rainy season; B1. Kienke River mouth
(x10° cells) in the dry season: B2. Kienke River mouth (x10°cells) in the rainy season; C1. Pooled rivers (x10° cells) in the dry season: C2.
Pooled rivers (x10° cells) in the rainy season; *: brackish water species; #: freshwater species; T: marine species; $: terrestrial species; BF:
bio-fertilizer, BI: bio-indicator; BL: bloom forming species; El: eco-pollution indicator; ITP: ichthytoxin producer, TS: toxigenic species,

WD: widely distributed species.

Based on the water type, 24 freshwater species (60.0%)
were divided into 12 species (30.0%) (Ac. exiguoides, Am.
ovalis, Au. granulata, Ca. noricus, Cm. apiculata, Cm. solea,
De. elegans, Dp. arctica, Fr. adnata, Gn. mutica, Ni. sigma,
and Pi. cardinaliculus) in Nyong and 12 species (30.0%) (Cc.
stelligera, Cy. unicorne, Dp. ovalis, Gn. gigas, Go. olivaceum,
Ma. smithii, Ni. amphibian, Op. cochleare, Rh. longiseta, Su.
capronii, Su linearis, and Sy. ulna) in Kienke. Three marine
species (7.5%) were recorded (Cs. rudolfi in Nyong and two
species (Ch. muelleri, and Ep. turgida) in Kienke). One brack-
ish water specialist (2.5%) (De. thermalis) was recorded in
Kienke. Thirteen tolerant species (3.5%) were recorded (seven
species (17.5%) (An. sphaerophora, Cc. meneghiniana, Co.
placentula, Fa. construens, Ha. amphioxys, Op. cochleare,
and Ta. flocculosa) in Nyong and six species (15.0%) (Ce.
hirundinella, Cr. erosa, Di. sertularia, Me. granulata, Ni. try-
blionella, and St. astraea) in Kienke) (Table 2). Tolerant spe-
cies were able to develop in several environments. Seven spe-
cies (17.5%) could develop in marine water and freshwater
(Cc. meneghiniana, Ce. hirundinella, Co. placentula, Me.
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granulata, Ni. tryblionella, Op. cochleare, and St. astraea)
(Table 2).

Four species (10.0%) were able to develop in brackish water
and freshwater (An. sphaerophora, Cr. erosa, Di. sertularia,
and Fa. construens) (Table 2). Ta. flocculosa was able to de-
velop in freshwater and the terrestrial environments (Table 2).
Ha. amphioxys was able to develop in the marine, freshwater
and terrestrial environments (Table 2). Between habitat spe-
cialists (restricted to a single type of water environment) the
variation in the percentages was significant except the case of
tolerant species in the dry season in Nyong (Table 2). In each
river mouth and in each season, among specialist species,
freshwater species were significantly more numerous than
other categories (Table 2). Freshwater species and/or brackish
water were statistically more numerous than species of other
categories, except in the dry season in Nyong (Table 2). Be-
tween the two rivers, the abundances in Kienke were higher
than those recorded in Nyong (Table 2). In each river mouth,
the data collected in the rainy season were higher than those
recorded in the dry season, both for specialist species and for
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tolerant species (Table 2). Specialists statistically outnumber
tolerant species, except in the dry season in Nyong (Table 2).
Based on the tides, in Nyong, two species (5.0%) (De. ele-
gans, and Op. cochleare) were recorded exclusively at high
tide during the dry season. One species (2.5%) (Cc.
meneghiniana) was recorded exclusively at low tide during the
dry season. Nine species (22.5%) (Ac. exiguoides, An.
sphaerophora, Cm. apiculata, Co. placentula, Cs. Rudolfi, Dp.
arctica, Fa. construens, Fr. adnata, and Ha. amphioxys) were
seen exclusively at high tide in the rainy season. Eight species
(20.0%) (Am. ovalis, Au. granulata, Ca. noricus, Cm. solea,
Gn. mutica, Ni. sigma, Pi. cardinaliculus, and Ta. flocculosa)
were exclusively at low tide in the rainy season. No species
was common to both tides. Making three species (7.5%) in the

dry season and 17 species (42.5%) in the rainy season. In
Kienke, one species (2.5%) (Cr. erosa) was recorded exclu-
sively at high tide during the dry season. Two species (5.0%)
(Ch. muelleri, and Su. linearis) were recorded exclusively at
low tide during the dry season. Two species (5.0%) (Ma.
smithii, and Sy. ulna) were recorded exclusively at high tide
during the rainy season. Fourteen species (35.0%) (Cc. stelli-
gera, Ce. hirundinella, Cy. unicorne, De. thermalis, Di. sertu-
laria, Dp. ovalis, Gn. gigas, Go. olivaceum, Ep. turgida, Me.
granulata, Ni. amphibia, Ni. tryblionella, Rh. longiseta, St.
astraea, and Su. capronii) were collected exclusively at low
tide during the rainy season. No species was common to both
tides.

Table 2. Absolute and relative abundances of the Chromista in three types of water environments.

Nyong River mouth
Water
A. (%)

B (%) Pooled (%)

Abundance of the specialist species x10° (%)

Freshwater 625(0.6)  1572.9(15.1)  1635.4 (15.7)
Brackish - - -

Marine - 62.5 (0.6) 62.5 (0.6)
Total 1 62.5 (0.6) 1635.4 (15.7)  1697.9 (16.3)
Test (FE or FFH): - p<0.001* p<0.001*

Avs.B: FE (df=1)  I: p<0.001*; I1I: p-2.0x10™° *; Total: p<0.001*

Abundance of the tolerant species x10° (%)

[ 83.3(0.8)  145.8(1.4) 229.2 (2.2)
I - - -
1] - 62.5 (0.6) 62.5 (0.6)
v - 250.0 (2.4) 250.0 (2.4)
\Y; - 218.8 (2.1) 218.8 (2.1)
Total 2 83.3(0.8)  677.1(6.5) 760.4 (7.3)
Global. 145.8 (1.4)  2312.5(22.2)  2458.3 (23.6)
Total vs.Total 2 p=0.114ns  p=5x10""*  p<0.001*
Test ) FFH: df=3, FFH: df=3
p<0.001 * p<0.001 *
Total 1 vs. Total 2 p<0.001* p<0.001* p<0.001*

IV: df=1, p<0.001*; VI: df=1, p<0.001*

Avs.B (FE)
Total: df=1, p<0.001*

VII: df=1, p<0.001*; VIII: df=1, p<0.001*

39

Kienke River mouth

A (%) B (%) Pooled rivers (%)
250.0 (2.4)  4364.6 (41.9) 4614.6 (44.3)

- 531.3(5.1) 531.3(5.1)

625(0.6)  125.0(1.2) 187.5 (1.8)
312.5(3.0) 5060.8 (48.5) 5333.3 (51.1)
p<0.001* FFH: df=2, p<0.001 *  FFH: df=2, p<0.001 *

I: p<0.001%; I1: p<0.001*; I11: p=6.6x10"° *; Total: FE: p<0.001*

- 2177.1(20.9) 2177.1 (20.9)
375.0(3.6) 83.3(0.8) 458.3 (4.4)
375.0(3.6) 22604 (21.7) 2635.4 (25.3)
687.5(6.6) 7281.3(69.8) 7968.8 (76.4)
p=0.018 * p<0.001* p<0.001*

- FE: df=1, p<0.001* FE: df=1, p<0.001*
p=0.018 ns  p<0.001* p<0.001*

IV: df=1, p<0.001*; V: df=1, p<0.001*; Total: df=1, p<0.001*
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Water

Both River mouths

A. (%)

Abundance of the specialist species x10° (%)

Freshwater
Brackish

Marine

Total 1

Test:

Avs.B: FE (df=1)

312.5 (3.0)

62.5 (0.6)
375.0 (3.6)

FE: df=1, p<0.001 *
I: p<0.001%*; 11. p<0.001%; I11; p=6.6x10"® *; Total: FE: p<0.001*

Abundance of the tolerant species x10° (%)

|

1

11

v

\Y
Total 2
Global.
Test

Avs.B (FE)

83.3 (0.8)
375 (3.6)

458.3 (4.4)
833.3(8.0)
FE: df=1, p<0.001*

Table 2. Continued.

B (%)

5937.5 (56.9)

531.3 (5.1)

187.5 (1.8)

6656.3 (63.8)

FFH: df=2, p<0.001 *

2322.9 (22.3)
83.3(0.8)

62.5 (0.6)

250.0 (2.4)

218.8 (2.1)

2937.5 (28.2)

9593.8 (92.0)

FFH: df=4, p<0.001 *

Pooled rivers (%0)

6250.0 (59.9)

531.3 (5.1)

250.0 (2.4)

7031.3 (67.4)

FFH: df=2, p<0.001 *

2406.3(23.1)

458.3 (4.4)

62.5 (0.6)

250.0 (2.4)

218.8 (2.1)

3395.8 (32.6)
10427.1 (100.0)

FFH: df=4, p<0.001 *

IV: df=1, p<0.001*; V: df=1, p<0.001*; VI: df=1, p<0.001*; VII: df=1, p<0.001*; VIII: df=1, p<0.001*;

Total: df=1, p<0.001*

Comparison: Nyong River mouth vs. Kienke River mouth (Fisher’s exact test)

Freshwater (df=1)
Brackish

Marine

Total 1

|

1

11

v

\Y%

Total 2

Global

Total 1 vs. Total 2

p<0.001*
p<0.001*
p<0.001*
p<0.001*

p<0.001*
p<0.001*
p=3.7x107 *

p<0.001*
p<0.001*
p=6.6x107 *
p<0.001*
p<0.001*
p<0.001*
p<0.001*
p<0.001*
p<0.001*
p<0.001*
p<0.001*
p<0.001*

p<0.001*
p<0.001*
p=8.6x10716 *
p<0.001*
p<0.001*
p<0.001*
p<0.001*
p<0.001*
p<0.001*
p<0.001*
p<0.001*
p<0.001*

I. Freshwater and marine; 1l: Brackish and freshwater species; I11: Freshwater and terrestrial; 1V: Freshwater and brackish water; V: Marine,
freshwater and terrestrial; A. Dry season; B: Rainy season; FE: Fisher’s exact test; FFH: Fisher-Freeman-Halton test; *: significant difference

(p<0.05)

Making a total of three species (7.5%) collected in the dry
season and 17 species (42.5%) collected in the rainy season.

Based on the ecological impact, we recorded two species
(5.0% of the species richness) potentially useful (Ch. muelleri
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(Chaetocerotaceae), and Epithemia turgida (Rhopalodiaceae))
(187.5x10° cells (1.7% of the global collection)). Ch. muelleri
with 62.5x10° cells (0.6%) is known as bio accumulator and
detoxifier of antibiotics aquatic pollution, and Ep. turgida with
125.0x10° cells (1.2%), through it’s N-fixing endosymbionts
Cyanobacteria, can be used for the biofertilization of aquatic
ecosystems. The two species were recorded exclusively at low
tide in Kienke, the first in the dry season and the second in the
rainy season. One species (2.5%) (Ce. hirundinella (Cera-
tiaceae)) known as harmful for fish, was rarely recorded at
both tides (3.8x10° cells (0.9% at high tide and low tide re-
spectively)) n the dry season and at low tide (25.0x10° cells
(1.2%) in the rainy season in the Kienke). It is known to cause
drastic blooms worldwide. The remaining 37 species (92.5%)
were of unknown ecological impact apart from their photo-

synthetic ability placing them at the base of the fish food chain.

These species were very abundant during both seasons (23
species (57.5%) in the dry season; 33 species (82.5%) in the
rainy season; 37 species (92.5%) in the pooled seasons). It was
the same in both river mouths (20 species (50.0%) in Nyong;
17 species (42.5%) in Kienke). Due to their preference for a
specific habitat, they can be considered bio indicators of the
water quality and food resource for fish. The weighed mean
sensitivity of the taxa present in the collection (WWS) and the
trophic diatom index (TDI) showed that in each river mouth,
the community of diatoms were in the undisturbed conditions
with no or little alteration of human origin and a low organic
pollution (oligotrophic or mesotrophic state) (Nyong River
mouth: WWS=3.1, TDI=52.7; Kienke River mouth:
WWS=3.8, TDI=69.7; pooled rivers: WWS=3.6, TDI=65.0).

3.2. Alpha Diversity and the Community
Structure

3.2.1. Alpha Diversity

The numbers of species recorded in both rivers at both tides
and both seasons revealed a low species richness (richness ratio
close to 0) (Table 3). The lowest species richness was noted in
both rivers at high tide during the dry season (Nyong River
mouth: 3 species; Margalef index: Mg=0.401; richness ratio:
d=0.020; Kienke River mouth: 3 species, Mg=0.306, d=0.004).

A

Overall data

Pooled rainy season

Theoreticfal species richness: E(Sn)

Pooled dry sesaon

10000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000

Specimens
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Nyong pooled seasons
Nyong rainy season

Theoretical species richness: E(Sn)

Nyong dry season
300 600

900 1200 1500

Specimens

1800 2100 2400 2700 3000

Kienke pooled seasons
5- Kienke rainy season

Theoretical species richness: E(Sn)

Kienkeé dry season

1000 2000 6000 7000 8000 9000

Specimens

3000 4000 5000 10000
Figure 2. Individual rarefaction curves of the Chromista collections
during the dry season and the rainy season in Nyong and Kienke

River mouths at both tides.

The highest species richness was recorded in the overall
pooled data from both rivers and both seasons (S=40 species;
Mg=4.215; d=0.004) (Table 3). Other values of the species
richness were found between the two extremes. Individual
rarefaction curves approached the plateaus of saturation and
for a standard sample of 701.0x10° cells, the pooled data ap-
peared the most species rich (E(S(n=701.0x10°%))=39+ spe-
cies), followed by the distribution in the rainy season
(E(S(n=701.0x10°))=34 species), and the assemblage in the
dry season appeared less species rich (E((n=701.0x10°))=6+0
species) (Figure 2A). A similar trend was noted in Nyong
(E(S(n=131.0x10%)=19+ species for the pooled data;
E(S(n=131.0x10°))=17+1 species in the rainy season, and
E(S(n=131.0x10°))=30 species in the dry season) (Figure 2B),
as well as in Kienke (E(S(n=671.0x10°))=20=9 species for the
pooled data; E(S(n=671.0x10°)=1740 species in the rainy
season, and E(S(n=671.0x10°))=329 species in the dry season)
(Figure 2C).

In each river mouth, the species diversity recorded in rainy
season was higher than that recorded in dry season (Table 3).
Between the two river mouths, the species diversity recorded
in Kienke was significantly higher than that recorded in the
Nyong (Table 3). Both river mouths presented a high diver-
sity (Shannon-Weaver’s diversity values were close to the
maximum value), a highly even community (Pielou’s values
were close to the unity) and a very low dominance by a few
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species (Berger-Parker index were in all cases inferior to the
median value and close to the null value; Table 3).

Pairwise comparison of diversity indexes showed signifi-
cant differences (Table 3). Considering Chaol index
(non-parametric estimator of the “TRUE” species richness),
sampling success was maximal (100.0%) (Table 3), suggest-
ing all rare species were collected. Although the
rank-frequency plotting of the pooled SAD was close to the
Fisher’s log-series model (statistics: 0=5.261, x=0.9995,
¥*=1.644x10*, p=0.0), a fairly weak concave appearance was
noted, suggesting absence of a few co-dominants (Figure
3A). The similar shape was noted during the dry season
(0=0.8735, x=0.999, >=975.7, p=3.4x10*"; Figure 3B), and
during the rainy season (a=4.417, x=0.9995, y>=1.473x10",
p=0.0; Figure 3C). A similar shape was noted during both
seasons in Nyong (dry season: 0=0.534, x=0.9964, ¥*>=290.6,
p=3.7X10'65; rainy season: 0=2.485, x=0.9989, ¥*>=4510.0,
p=0.0; pooled seasons: 0=2.974, x=0.9988, ¥*>=5764.0, p=0.0;
Figure 4), and during both seasons in Kienke (dry season:
0=0.4027, x=0.9994, ¥*=1844.0, p=0.0; rainy season:
0=2.083, x=0.9997, x2=1.118x10“, p=0.0; pooled seasons:
0=2.471, x=0.9997, >=1.315x10*, p=0.0; Figure 5).

Based on the Hill's N; and N, values, the numbers of
abundant species were close to the number of co-dominants
(Hill's ratio close to 1) (Table 3), suggesting a low domi-
nance of the assemblages by a few species. On the base of
the N; diversity number (Table 3) and the rank-abundance
plotting (Figures 3, 4 and 5), during the dry season, the rec-
orded three species (Cc. meneghiniana, De. elegans, and Op.
cochleare) were simply abundant and co-dominant species in
the Nyong River mouth and three other species (Ch. muelleri,
Cr. erosa, and Su. linearis) were simply abundant and
co-dominants in Kienke (Table 3). During the rainy season,
14 species on the 17 recorded species (82.4%) (Ac. exig-
uoides, Am. ovalis, An. sphaerophora, Au. granulate, Ca.
noricus, Cm. solea, Co. placentula, Dp. arctica, Fa. con-
struens, Fr. adnata, Gn. mutica, Ha. amphioxys, Pi. cardi-
naliculus, and Ta. flocculosa) were simply abundant in the
Nyong River mouth while 13 species on the 17 recorded
species (76.5%) (Cc. stelligera, Ce. hirundinella, De. ther-
malis, Dp. ovalis, Go. olivaceum, Gn. gigas, Cy. unicorne,
Me. granulata, Ni. amphibia, Rh. longiseta, St. astraea, Su.
capronii, and Sy. ulna) were abundant in Kienke (Table 3).

Table 3. Matrix of the species richness, diversity, evenness and dominance indexes for the pooled data from both river mouths.

Nyong River mouths
Indices
| 1 111

A. Richness indexes

n x10° cells 145.8 2,312.5 2,458.3
(%) (1.4) (22.2) (23.6)
S (%) 3(7.5) 17 (42.5) 20 (50.0)
NrmaxX10° cells 62.5 385.4 385.4
Magalef: Mg 0.401 2.065 2.433
Richness ratio:d =S/n  0.020 0.007 0.008
Chaol 3 17 20

% SE=(S/Chao 1)*100  100.0 100.0 100.0
B. Diversity indexes

Shannon-Weaver H’ 1.004 2.612 2.742
H’ nax=IN(S) 1.099 2.833 2.996
Simpson’s D 0.388 0.087 0.079
Hill’s N; = e'" 2.730 13.629 15.522
Hill’s N, = 1/D 2.579 11.447 12.719
Hill’s ratio N»/N; 0.945 0.840 0.819
Rare species: Chaol-N; 0 3 4

C. Evenness index

Kienke River mouths Both rivers

| 1 11 | 1 111
687.5 7,281.3  7,9688  833.3 9,593.8 10,427.1
(6.6) (69.8) (76.4) (8.0) (92.0) (100.0)
3(7.5) 17 (42.5) 20(50.0) 6(15.0) 34(85.0) 40 (100.0)
375.0 1,395.8 1,395.8 375.0 1,395.8 1,395.8
0.306 1.799 2.115 0.743 3.599 4.215
0.004 0.002 0.003 0.007 0.004 0.004

3 17 20 6 34 40
100.0 100.0 100.0 100.0 100.0 100.0
0.918 2.530 2.685 1.398 3.102 3.245
1.099 2.833 2.996 1.792 3.526 3.689
0.438 0.098 0.085 0.309 0.061 0.054
2.503 12.553 14.654 4.048 22.250 25.656
2.286 10.213 11.766 3.236 16.276 18.525
0.913 0.814 0.803 0.800 0.732 0.722

0 4 5 2 12 14
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Nyong River mouths
Indices
| 1 i

Pielou J=(H’/H’ ay) 0.914 0.922 0.915
E. Dominance index
lgp = Nmax/N 0.429 0.166 0.156

Pairwise comparisons of diversity indexes (Student t-test)

Comparison Shannon-Weaver index H’

Hvs. 1l Kienke: t=-76.82; df=961.07; p=0 *

Dry season: t=-2.30; df=262.43; p=0.022 *
Rainy season: t=-5.28; df=4,285.20; p=1.3x107 *
Both seasons: t=-3.62; df=4,316.60; p=3.0x10™ *

Nyong vs. Kienke

Nyong: t=-45.93; df=119.29; p=5.7x1071% =

Kienke River mouths Both rivers

1 11 | 1 111
0.835 0.893 0.896 0.780 0.880 0.880
0.545 0.192 0.175 0.449 0.145 0.134

Simpson’s diversity index

Nyong: t=17.46; df=150.88; p=4.9x10% *
Kienke: t=31.72; df=709.56; p=3.5x10738 *

Dry season: t=2.47; df=273.73; p=0.014 *
Rainy season: t=4.46; df=4,615.20; p=8.3x10°® *
Both seasons: t=2.95; df=4,613.70; p=0.003 *

ns: not significant difference (p>0.05); *: significant difference (p<0.05); n: sample size; nya: Maximum abundance; S: observed species
richness; Mg: Margalef richness index; d: richness ratio; H’: Shannon-Weaver diversity index; Hya: maximum Shannon-Weaver diversity
index; D: Simpson’s diversity index; Ny: Hill’s first order diversity number; N, = Hill’s second order diversity number; Hill: Hill’s diversity
ratio; J: Pielou’s evenness index; Igp = Berger-Parker dominance index; SE: sampling effort.

Making a total of 17 species (42.5%) in Nyong, 16 species
(40.0%) in Kienke, and 33 species (82.5%) in the pooled
distribution. Thirty-three species were represented by
9,947.9x10° cells (95.4%) (145.8x10° cells (1.4%) in the dry
season in Nyong, 687.5x10° cells (6.6%) in the dry season in
Kienke; 2,166.7x10° cells (20.8%) in rainy season in Nyong:
6,947.8x10° cells (66.8%) in rainy season in Kienke). The
number rare species was low and they were scarce.

3.2.2. Adjustment of the SADs

Adjustment of SADs to five theoretical models showed a
poor quality of fit (Pearson correlation r<-0.95): dry season
in both rivers: r=-0.884, p=0.019, 6 species; dry season in
Nyong: r=-0.867, p=0.333, 3 species; dry season in Kienke:
r=-0.993, p=0.073, 3 species; rainy season in both rivers:
r=-0.828, p=1.5x10", 34 species; rainy season in Nyong:
r=-0.912, p=3.5x10", 17 species; rainy season in Kienke:
r=-0.913, p=3.3x10", 17 species; pooled seasons in both
rivers: r=-0.817, p=1.3x10"°, 40 species; pooled seasons in
Nyong: r=-0.889, p=1.6x10", 20 species; pooled seasons in
Kienke: r=-0.896, p=9.6x107, 20 species.

Based on AIC and BIC (Table 4) and SADs (Figures 3, 4
and 5), LN model fitted assemblages with high environmen-
tal constants (m’>1), except the pooled assemblage in dry
season in both rivers which fitted ZM model. LN model fit-
ted the pooled data with a low m’ value (maximum abun-
dance: n,=1385.8x10° cells; sample size: n=10,427.1x10°
cells; 40 species; deviance=151.06; mean of logarithms of
abundance: x=2.206; lognormal variance: 6>=0.192; lognor-
mal standard deviation: 6=0.429; environmental constant:
m’=0.493; correction factor: 1.049; corrected model:
ni=33,920.1x10°(0.350)" with P; as probits of species cumu-

lative percentage ranks (Table 4, Figure 3A).

This was the case of the pooled assemblage in the two riv-
ers in the rainy season (n;=1395.8x10° cells; n=9,593.8x10°
cells; 34 species; deviance=107.92; x=2.252; ¢>=0.18);
6=0.417; m’=0.522; correction factor: 1.050; corrected mod-
el: n;=33,959.9x10°(0.358)") (Table 4, Figure 3C). ZM mod-
el best fitted the pooled assemblage recorded during the dry
season in the two river mouths with a low value of the aver-
age fractal dimension of the distribution of individuals
among species ((1/y)<1) (deviance=48.44, Q=833.3x10° cells,
n;=375.0x10° cells, 6 species; Gauss-Marquard’s procedure
for de determination of the model’s parameters: starting
point: x,=(0; 2)"; tolerance of the functional value:
£=1.0x10™"%; damping factor: 4,=100; beta statistic: $=1.340;
gamma statistic: y=1.093; correction factor: 0.787; corrected
model: n;=656.0x10°(i+1.340)™%%; 1/y=0.915) (Table 4,
Figure 3B). Assemblages in each season and each river fitted
the LN model. In Nyong, it was the case of the assemblage in
the dry season and the environmental constant was high
(m>1.0) (n,=62.5x10° cells; n=145.8x10° cells; 3 species;
deviance=9.46; x=1.637; 0¢2>=0.076; ©=0.248; m’=1.469;
correction factor: 1.011; corrected model:
ni=2,862.8x10°(0.046)" cells) (Table 4, Figure 4A), but the
environmental constant was low in the rainy season
(n;=385.4x10° cells; n=2,312.5x10° cells; 17 species; devi-
ance=154.94; x=2.029; ¢°>=0.103; ¢=0.309; m’=0.947; cor-
rection factor: 1.020; corrected model:
ni=6,296.1x10°(0.045)"" cells) (Table 4, Figure 4B). LN
model fitted the pooled seasons with a low environmental
constant (n;=385.4x10° cells; n=2,458.3x10° cells; 20 spe-
cies; deviance=53.20; x=1.970; o2=0.115; 0©=0.326;
m’=0.853; correction factor: 1.028; corrected model:

43


http://www.sciencepg.com/journal/ijee

International Journal of Ecotoxicology and Ecobiology

http://www.sciencepg.com/journal/ijee

ni=6,501.0x10°(0.437)" cells (Table 4, Figure 4C).

A. Pooled dry and rainy seasons
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Percentages

Xys

g L L 8 T 9 g S e 22 = g 2 s g 2
§5 585583885355 5583843¢8¢
28p55rgs282§s 852585858 ¢5

2 £ P
Sss5£35¢43 858585 8E858=7%s
s eSS 3i e ssErsss88282¢
g = S » L2 2 §E £ =<2 35 72 o322 g e
z 5 & 8 3 TS5 8 g g EEE g3 8 8T £t
8 25 € = S B8RS 5<s5358g20s5¢E =

2 S g o = = S S XN s
5 Eg 2 SF 72588 §E%
=357 [} S EC 23 ¢ 3 £ E0 8 £ 8

- g8 § 4 E Ssd

B. Dry season C. rainy season

- 5 .

Percentage n7833.3>$10 cells; Percentages n=9593.8x10° cells;
50.0 S$=6 species 50.0 S=34 species
45.0 Pearson correlation: r=-0.884 45,0 Pearson correlation: r=-0.828
40.0 40.0
350 350
30.0 300
25.0 250
20.0 20.0
15.0 15.0
10.0 10.0
50 50
00 00

s § 3§ 8§ 5 = S

£ £ $ £ £ % 2

s = & § ¢ § g

§ & 4 $ & 8 5

S E 5 E 3§ £s

5 § £ 5 % 8 2

o 3 =2 8 g 3 s
£ = 2 =5,
S 3 § £
& 5]

cis Sphaerophorg

Anumoeon

T S ® T = @ = @ T § T @
st S 5§52 EES238g88FE S
5855582323558
$f2zs3f38:5§835857%¢z
2 E = £ = T 8 <
s 8§2 ;258 aszx528¢sE8
EcS 83 &s38 585233
2 L 2 o = 2 & 2 3
£ 2588838285382 3
£ 2 S 8 3 £ £ = § 2 2 5 S
5 8 2 2 = = 5 =
QD:m.gr:wg_gé@y_vganu. 3
wssgE2g8zg =£5§ £
89068 3¢ Z 3 F s
£
<
a

Cycl,
C

Figure 3. Rank-frequency diagram of the pooled Chromista collection in both river mouths at both tides, showing species in decreasing or-

der of numerical occurrence.

In Kienke, assemblage in dry season fitted the LN model
with a low environmental constant (n1:375.0x105 cells;
n=687.5x10° cells; 3 species; deviance=27.93; x=2.256;
62=0.167; 6=0.397; m’=0.574; correction factor: 0.988;
corrected model: ni=142,622.2x10°(0.289)" cells) (Table 4,
Figure 5A). A similar result was obtained in rainy season
(n,=1,395.8x10° cells; n=7,281.3x10° cells; 17 species;

corrected

deviance=94.08; x=2.476; ¢*=0.164; ¢=0.400; m’=0.566;
model:

factor: 1.001;

correction _
ni=56,730.5x10°(0.358)"' cells) (Table 4, Figure 5B) as well
both  seasons

assemblage  from

as the pooled
(n;=1,395.8x10° cells; n=7,968.8x10° cells; 20 species;
deviance=109.54; x=2.448; 6?=0.162; 6=0.395; m’=0.581;

factor: 1.008; corrected

correction ‘
ni=46,270.4x10°(0.367)" cells) (Table 4, Figure 5C).

model:

5A) and it was the same in rainy season (Table 5A) as well as
between tides in the pooled seasons (Table 5A). However,
dissimilarity close to the median value was noted between
the data set at high tide in the dry season (HS) and the pooled
data at high tide in both rivers (Table 5A).

A low dissimilarity was noted between HS and the over-
all assemblage (Table 5A). Data at low tide in the dry sea-
son showed a null dissimilarity (Table 5A). In the rainy
season, a null dissimilarity was noted between high tide and
low tide (Table 5A). A low level of dissimilarity was rec-

orded between high tide and the pooled assemble at both

tides in rainy season or the pooled assemblage at both tides
and both seasons. A high level of dissimilarity was detected
when compared to the assemblage at high tide in the pooled

both seasons (Table 5A).
The assemblage at low tide showed a high dissimilarity to

the assemblage at the pooled tides during the rainy season, to
the assemblage at the low tide in the rainy season, or the

3.3. Beta Diversity: Dissimilarity Between SADs

Based on the species composition, a few common orders
and families were recorded but no species was common to
both rivers. In the pooled data, a null level of dissimilarity
was detected between the two tides in the dry season (Table

pooled assemblage in the pooled seasons (Table 5A).
A low dissimilarity was noted between the pooled assem-

blage in the rainy season and the assemblage at high tide in
the rainy season but it was high when compared to the as-
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semblage at low tide in the pooled seasons or to the assem-
blage at the pooled tides in the pooled seasons (Table 5A). In
the pooled data from both seasons, assemblage at high tide
showed a null dissimilarity when compared to that noted at
low tide. The dissimilarity was low when compared to the
pooled tides (Table 5A). In the pooled seasons, low tide
showed a high dissimilarity to the pooled tides (Table 5A). In
Nyong, dissimilarity was null in both seasons between high
and low tides (Table 5B), but in the dry season, it was high
between the two tides and the pooled data (Table 5B). It was
the same in the rainy season (Table 5B). Combinations in the
rainy season showed a null dissimilarity (Table 5B). Com-
parisons in the pooled seasons showed a low to null dissimi-
larity during the dry season and high dissimilarities in the
rainy season (Table 5B).
Pooled data in rainy season and pooled seasons showed a
high dissimilarity (Table 5B). In Kienke, the dissimilarity
was null between the two tides in dry season (Table 5C) and

A. Nyong: Dry season
n=145.8x10° cells;

S=3 species
Pearson correlation: r=-0.866

it was high when each tide was compared to the pooled data
at both tides (Table 5C). Comparisons to data recorded dur-
ing the rainy season showed a null dissimilarity (Table 5C).
High tide in the pooled seasons showed a null dissimilarity
when compared to low tide in each season, and the dissimi-
larity was low when compared to low tide in dry season or to
the pooled tides in dry season (Table 5C). But the dissimilar-
ity was high when compared to low tide in the rainy season
or to the pooled tides in the same season (Table 5C).

3.4. Correlation Between Species

Twenty-one sample units (12 in Nyong, and nine in
Kienke) allowed to detect an overall positive net association
(VR>1) in Kienke (Schluter’s Variance ratio: VR=1.795;
statistic: W=16.154, df=19, p<0.001) and the pooled assem-

blage (VR=1.043; W=21.91, df=20, p<0.001).

B. Nyong: Rainy season

n=2312.5x10° cells;

S=17 species
Pearson correlation: r=-0.912
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Figure 4. Rank-frequency diagrams of the Chromista collection in the Nyong River mouth at both tides and both seasons, showing species in

decreasing order of numerical occurrence.

In Nyong, a negative net association was

noted (VR=0.615; W=7.37, df=19, p<0.001). Positive correlation
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suggested that compared species were mutually tolerant (Ta-
ble 6). In the pooled assemblage, correlations were positive

(Table 6A). Ac. exiguoides was positively associated with Co.

placentula (Table 6A). Am. ovalis was positively associated
with Cm. apiculata, Cs. rudolfi, and Gn. Mutica. Ca. noricus
was positively associated with the useful species Ch.
muelleri. Ce. hirundinella was positively correlated with Cr.
erosa, and Cc. meneghiniana. Co. placentula was positively
correlated with Cm. apiculata, and Gn. mutica (Table 6A).
Cs. rudolfi was positively correlated with Fa. construens. Cr.
erosa was positively correlated with Cc. meneghiniana, De.
elegans, and Rh. longiseta (Table 6A). Cc. meneghiniana
was positively correlated with Cc. stelligera (Table 6A). Cm.
apiculata was positively correlated with Di. sertularia, and
Gn. mutica (Table 6A). Cm. solea was positively correlated
with De. elegans, and Ni. sigma (Table 6A). De. elegans was
positively correlated with one species (Rh. longiseta) (Table

6A). De. thermalis was positively correlated with Gn. gigas,
and Ni. tryblionella. Di. sertularia was positively correlated
with Gn. mutica, and Ni. amphibia (Table 6A). Go. oliva-
ceum was positively correlated with Rh. longiseta (Table 6A).
Gn. mutica was positively correlated with Pi. cardinaliculus
(Table 6A). Ni. amphibia was positively correlated with Ni.
tryblionella (Table 6A). Pi. cardinaliculus was positively
correlated with St. astraea (Table 6A). In Nyong, correla-
tions were positive (Table 6B). Ac exigoides, Cm. apiculata,
Cm. solea, De. elegans and Gn. mutica presented the correla-
tion forms identical to those recorded in the pooled data (Ta-
ble 6B).

In the case of Am ovalis, the correlations in the pooled data
existed in Nyong except that Cs. rudolfi in the pooled data was
replaced by Pi. cardinaliculus in Nyong (Table 6B). Ca nori-
cus became positively correlated with Cs. rudolfi instead of Ch.
muelleri as it was the case in the pooled data (Table 6B).

Table 4. Akaike Information Criteria (AIC) and Bayesian Information Criteria (BIC) values for the adjusted theoretical models.

AIC (BIC) and the best fitted model

Nyong River mouth

Kienke River mouth

SAD model
Dry season Rainy season Pooled data Dry season Rainy season Pooled data
145.8x10° cells  2,312.5x10° cells  2,457.3x10° cells  687.5x10° cells 7,281.3x10° cells  7,968.8x10° cells
3 species 17 species 20 species 3 species 17 species 20 species
Broken-Stick (BS) 37.34 (37.34)  299.05(299.05)  307.81(307.81)  45.25(45.25) 245.70 (245.70)  319.54 (319.54)
Log-linear (LL) 34.99 (34.06) 178.43(179.26)  220.08 (221.08)  58.29 (57.39)  283.22 (284.06)  369.49 (370.48)

Log-normal (LN)
Zipf (2) 34.21 (32.41)
Zipf-Mandelbrot (ZM) 32.32 (29.61)

214.60 (216.27)
153.67 (156.17)

30.32 (28.51) * 153.27 (154.94) * 184.82 (186.81) * 53.04 (51.24) * 226.26 (227.92) * 262.82 (264.81) *
252.86 (254.85)
186.35 (189.34)

AIC (BIC) and the best fitted model

Pooled rivers

SAD model

Dry season

n=833.3x10° cells

S=6 species
Broken-Stick (BS) 106.49 (106.49)
Log-linear (LL) 93.65 (93.44)
Log-normal (LN) 96.72 (96.30)
Zipf (2) 109.78 (109.37)
Zipf-Mandelbrot (ZM) 92.41 (91.79) *

77.00 (75.20)  627.03 (628.70)  688.24 (690.23)
55.04 (52.34)  266.80 (269.30)  347.75 (350.74)

Rainy season Pooled data

n=9,593.8x10° cells n=10,427.1x10° cells

S=34 species S=40 species

529.39 (529.39) 630.97 (630.97)

583.01 (584.53) 718.18 (719.87)

350.85 (353.90) * 431.95 (435.33) *

845.13 (848.18) 1,039.65 (1043.03)

579.59 (584.17) NA

AIC: Akaike information criteria; BIC: Bayesian information criteria; * best fitted theoretical model in bold; NA: Not available
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Figure 5. Rank-frequency diagrams of the Chromista collection in the Kienke River mouth at both tides and both seasons, showing species in

decreasing order of numerical occurrence.
Table 5. Bray-Curtis dissimilarity values between data sets recorded at two tides during two seasons in the Nyong and Kienke river mouths.
Pooled tides

Dry season Rainy season
High tide Lowtide Pooledtides Hightide Lowtide Pooledtides Hightide Low tide
A. Overall data sets
Dry season
High tide 1.000
Low tide 0.0 1.000
Pooled tides  1.000 0.0 1.000
Rainy season
High tide 0.0 0.0 0.0 1.000
Low tide 0.0 0.0 0.0 0.0 1.000
Pooled tides 0.0 0.0 0.0 0.313 0.898 1.000
Pooled seasons
High tide 0.431 0.0 0.431 0.841 0.0 0.295 1.000
Low tide 0.0 0.0 0.0 0.0 1.000 0.898 0.0 1.000
Pooled tides  0.123 0.0 0.123 0.295 0.864 0.966 0.386 0.864 1.000
B. Nyong River mouth
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Dry season Rainy season Pooled seasons
Hightide Lowtide Pooledtides Hightide Lowtide Pooledtides Hightide Lowtide Pooled tides
Dry season
High tide 1.000
Low tide 0.0 1.000
Pooled tides  0.727 0.600 1.000
Rainy season
High tide 0.0 0.0 0.0 1.000
Low tide 0.0 0.0 0.0 0.0 1.000
Pooled tides 0.0 0.0 0.0 0.600 0.727 1.000
Pooled seasons
High tide 0.145 0.0 0.137 0.959 0.0 0.585 1.000
Low tide 0.0 0.087 0.082 0.0 0.977 0.715 0.0 1.000
Pooled tides  0.066 0.050 0.113 0.574 0.699 0.969 0.608 0.721 1.000
C. Kienke River mouth
Dry season
High tide 1.000
Low tide 0.0 1.000
Pooled tides  0.706 0.625 1.000
Rainy season
High tide 0.0 0.0 0.0 1.000
Low tide 0.0 0.0 0.0 0.0 1.000
Pooled tides 0.0 0.0 0.0 0.151 0.957 1.000
Pooled seasons
High tide 0.558 0.0 0.453 0.760 0.0 0.144 1.000
Low tide 0.0 0.086 0.081 0.0 0.977 0.936 0.0 1.000
Pooled tides  0.090 0.076 0.159 0.139 0.913 0.955 0.217 0.935 1.000

Table 6. Kendalls tau correlation recorded between Chromista species in 21 sample units from the Nyong and Kienke River mouths.

Species 1/Species 2 T (p-value) Species 1/Species 2 T (p-value) Species 1/Species 2 T (p-value)

A. Overall pooled data from both seasons and both river mouths (n=21)

Ac. exiguoides Cs. rudolfi De. thermalis (continued)

Co. placentula 0.737(3.0x10-6) * Fa. construens 0.447(0.005) * Ni. tryblionella 0.425(0.007) *
Am. ovalis Cr. erosa Di. sertularia
Cm. apiculata 0.474 (0.003) * Cc. meneghiniana 0.445 (0.005) * Gn. mutica 0.364 (0.021) *
Cs. rudolfi 0.322 (0.041) * De. elegans 0.445 (0.005) * Ni. amphibia 0.568 (3.2x10-4) *
Gn. mutica 0.742(2.5x10-6) * Rh. longiseta 0.360 (0.023) * Go. olivaceum
Ca. noricus Cc. meneghiniana Rh. longiseta 0.536 (0.001) *
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Species 1/Species 2

Ch. muelleri
Ce. hirundinella

Cr. erosa

Cc. meneghiniana

Ch. muelleri
Go. olivaceum
Ni. amphibia
Rh. longiseta
Co. placentula
Cm. apiculata

Gn. mutica

7 (p-value)

0.520 (0.001) *

0.431 (0.006) *
0.378 (0.016) *

0.424 (0.007) *
0.592(1.7x10-4) *
0.332 (0.035) *

0.598(1.5x10-4) *
0.385 (0.015) *

B. Nyong River mouth (n=12)

Ac. exiguoides
Co. placentula
Am. ovalis
Cm. apiculata

Gn. mutica

Pi. cardinaliculus

Ca. noricus
Cs. rudolfi
Ce. hirundinella
De. elegans
Co. placentula
Cm. apiculata
Cs. rudolfi

Di. sertularia

0.647 (0.006) *
0.580 (0.013) *
0.895 (1.3x10™) *
0.725 (0.002) *
0.580 (0.013) *
0.671 (0.004) *

0.620 (0.008) *

0.580 (0.013) *

C. Kienke River mouth (n=9)

Am. ovalis
Cs. rudolfi
De. thermalis
Ca. noricus
Ch. muelleri
Ni. amphibia
Ce. hirundinella
St. astraea
Ch. muelleri

Ni. amphibia

1.000 (1.7x107%) *
0.730 (0.006) *

1.000 (1.7x10™%) *
0.730 (0.006) *

0.617 (0.021) *

0.730 (0.006) *

Species 1/Species 2

Cc. stelligera
Cm. apiculata

Di. sertularia

Gn. mutica
Cm. solea

De. elegans

Ni. sigma
De. elegans

Rh. longiseta
De. thermalis

Gn. gigas

Cs. rudolfi (continued)

Fa. construens
Cr. erosa
De. elegans
Ni. amphibia
Rh. longiseta
Cc. stelligera
Cm. solea
Cm. apiculata
Di. sertularia
Gn. mutica
Cm. apiculata

Rh. longiseta

Cs. rudolfi

De. thermalis
Cr. erosa

Rh. longiseta
Cc. stelligera

Di. sertularia

Ni. tryblionella
De. thermalis

Di. sertularia

Ni. tryblionella

7 (p-value)

0.497 (0.002) *

0.568(3.2x10-4)*
0.716(5.6x10-6)*

0.645(4.4x10-5)*
0.716(5.6x10-6)*

0.379 (0.016) *

0.328 (0.037) *

0.671 (0.004) *

0.725 (0.002) *

0.580 (0.013) *

0.474 (0.043) *

0.725 (0.002) *

0.725 (0.002) *
0.725 (0.002) *

0.580 (0.013) *

0.730 (0.006) *

0.553 (0.038) *

0.730 (0.006) *
0.730 (0.006) *

0.548 (0.040) *
0.548 (0.040) *

Species 1/Species 2

Gn. mutica

Pi. cardinaliculus

Ni. amphibia
Ni. tryblionella
Pi. cardinaliculus

St. astraea

Cm. solea
De. elegans
Ni. sigma
De. elegans
Rh. longiseta
Di. sertularia
Gn. mutica
Fa. construens
Ni. amphibia

Gn. mutica

Pi. cardinaliculus

Di. sertularia
Ni. amphibia
Ni. tryblionella
Go. olivaceum
Rh. longiseta

Ni. amphibia

Pi. cardinaliculus

7 (p-value)

0.645 (4.4x10-5) *

0.533 (0.001) *

0.424 (0.007) *

0.580 (0.013) *
0.725 (0.002) *

0.725 (0.002) *

0.474 (0.043) *

0.671 (0.004) *

0.580 (0.013) *

0.548 (0.040) *
1.000 (1.7x107%) *

0.789 (0.003) *

0.548 (0.040) *
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Ce. hirundinella was positively correlated with De. ele-
gans (Table 6B). Co. placentula was correlated with Cm.
apiculata (Table 6B). Cs rudolfi was positively correlated
with Di. sertularia in Nyong (Table 6B). In the case of Cr.
erosa, correlations noted in the pooled data existed in Nyong
except Cc. meneghiniana in the pooled data which was re-
placed by Ni. amphibia in Nyong (Table 6B). The correla-
tions in the pooled data concerning Cc. meneghiniana, Cm.
solea, De. thermalis, Go. olivaceum, Ni amphibia, and Pi.

cardinaliculus were no longer found in Nyong (Table 6B). Di.

sertularia was positively correlated with Gn. mutica (Table
6B).

In Kienke, correlations were positive (Table 6C). Ca nor-
icus was positively correlated with Ni. amphibia (Table 6C).
Ce. hirundinella was positively correlated with St. astraea
(Table 6C). Ch. muelleri was positively correlated with Ni.
amphibia (Table 6C). Cs. rudolfi was positively correlated
with De. thermalis (Table 6C). Cr. erosa was positively cor-
related with Rh. longiseta (Table 6C). Cc. stelligera and De.
thermalis were each positively correlated with Di. sertularia
and Ni. tryblionella (Table 6C). Di. sertularia was positively
correlated with Ni. amphibia and Ni. tryblionella. Go. oliva-
ceum was positively correlated with Rh. longiseta and Ni.
amphibia was positively correlated with Pi. cardinaliculus
(Table 6C). Other correlations were not significant.

4. Discussion

4.1. Species Richness and Diversity of
Chromista

The present study is the first step in an in-depth study of
the algae assemblage in Nyong and Kienke (Southern Cam-
eroon), evaluating the place occupied by zoonaotic species, or
those useful for the nutrition of fish. Collected cells belonged
to three phyla, eight classes, 23 orders, 32 genera and 40
species [20] species (50.0%) from each river mouth) and no
common species was recorded. Melosiraceae was the most
collected family (13.4%), followed by Bacillariaceae
(12.2%), Surirellaceae (10.8%), Gomphonemataceae (9.6%),
Stephanodiscaceae (7.7%), Goniochloridaceae (7.2%), Rhi-
zosoleniaceae (7.0%), Fragilariaceae (6.3%), Cryptomona-
daceae3.5%), Ceratiaceae (3.0%), Catenulaceae (2.8), Phy-
todiniaceae (2.6%), Aulacoseiraceae (2.2%), Diploneidaceae
(1.9%), Cocconeidaceae (1.4%), Achnanthaceae (1.2%),
Anomoeoneidaceae (1.2%), Rhopalodiaceae (1.2%) while
other families were rare and represented each by less than
1.0% of the total collection. The most specious family was
Bacillariaceae (15.0% of the total species richness), followed
by Surirellaceae (12.5%), Stephanodiscaceae (7.5%). Dip-
loneidaceae and Fragilariaceae were each represented by two
species (5.0%). Other families were rare. The high presence
and abundance of diatoms is not surprising, as it is the case
worldwide, in stagnant or slow flowing waters [43, 48].

Based on the information on the recorded contributing dia-
tom species [64-66], the weighed mean sensitivity of taxa
(WWS) and the trophic diatom index (TDI) showed that in
the studied rivers, the diatom community was in the refer-
ence conditions (undisturbed) with no or little alteration of
human origin and a low organic pollution (oligotrophic or in
mesotrophic state) [13-22]. Values were relatively close to
56.74 reported in Lake Porsuk Dam in Turkey the value [65]
and 39 to 44.5 reported in the mesotrophic waters of Upper
Porsuk Creek Kitahya in Turkey [67]. Me. granulata was the
most collected (13.4%), followed by Go. olivaceum (9.6%),
Rh. longiseta (7.0%), Gn. gigas (6.4%), De. thermalis and Sy.
ulna (5.1% respectively), St. astraea (3.9%), Ca. noricus
(3.7%), 3.6% respectively for Cr. erosa and Ni. amphibia, Cc.
stelligera (3.2%), Ce. hirundinella (3.0%), Am. ovalis (2.8%),
Cy. unicorne (2.6%), Su linearis (2.4%), Su. capronii (2.3%),
Au. granulata (2.2%), Ha. amphioxys (2.1%). Other species
were rare. Twenty-four freshwater species [60.0%: 12 spe-
cies (30.0%) in Nyong and Kienke respectively] were rec-
orded. Three marine species (7.5%: one species Cs. rudolfi in
Nyong and two species Ch. muelleri, and Ep. turgida in
Kienke) were recorded. One brackish species (2.5%) (De.
thermalis) was noted exclusively in Kienke. Twelve tolerant
species (30.0%) (seven (17.5%) in Nyong and five (12.5%)
in Kienke) were recorded. Two potentially useful species (the
antibiotics pollution detoxifier Ch. muelleri [21, 24] and the
biofertilizer Epithemia turgida [23]) were recorded. One
species harmful to the fish was recorded (the bloom forming
Ce. hirundinella known as fish-killer species [31]) and 37
species (92.5%) of unknown toxigenic status were able to be
considered as bioindicators. These waters allowed the de-
velopment of autotrophic and/or mixotrophic algae species.
Useful species were few, lowly abundant and masked by
indifferent species which were good resource of the nutrition
for aquatic macroinvertebrates and/or macrovertebrates. The
recorded harmful species is known to form blooms in stag-
nant waters of lakes, ponds and reservoirs as well as in
slow-moving freshwaters, when water temperatures are
warmer than usual [31] as the case in Cyanobacteria [31, 41,
51, 66, 67]. In the studied mouths, the harmful species found
came in addition to the presence of 16 species of toxigenic
Cyanobacteria [41], reinforcing the poor quality of the raw
waters for human drinking and for fish farming.
Non-toxigenic Chromista are abundant and diverse, suggest-
ing either the continuous re-colonization from the tributary
rivers, or an appearance of tolerant species adapted to the
unstable conditions. Adaptation is well illustrated in tolerant
species [11, 27, 52]. Twelve tolerant species (30.0%) were
recorded (seven (17.5%) in Nyong and five (12.5%) in
Kienke) and the two rivers presented a low species richness
compared to the situation in other freshwaters. For example,
11 classes, 45 genera and 75 species were reported in Mezam
River (Bamenda, Cameroon), amongst which Bacillari-
ophyceae was the most represented class and Naviculaceae
was the dominant family [68]. A total of 237 epilithic diatom
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taxa, mostly cosmopolitan, belonging to 39 genera distribut-
ed among 25 families were reported in Mfoundi River (Ya-
ounde, Cameroon) [69]. It is possible that patterns in Nyong
and Kienke depended on local environmental conditions or
the sampling methodology and design. Useful species and
harmful species were lowly recorded probably because of the
regulation of their populations by competing species and/or
local natural enemies. Their density could increase if the
environmental balance is disrupted due to the climate change
force and the growing anthropization actions.

4.2. Community Structure and Functioning
Model

Both rivers presented high species diversity, high even
community and a low dominance by a few species. In Nyong,
the dissimilarity was null in both seasons at high and low
tides. In Kienke, the dissimilarity was null at the two tides in
dry season and was high when each tide was compared to the
pooled tides. The overall assemblage showed a negative
global net association in Nyong and a positive net associa-
tion in Kienke and in the pooled distribution. In each river,
assemblage fitted the LN model with low environmental
constants (m’<1) except in the dry season in Nyong where m’
was high. Pooled SAD fitted in the dry season, the ZM mod-
el with a low fractal dimension of the distribution of indi-
viduals among species ((1/y)<1). LN model describes a
community where the majority of species show moderate
abundances and it is reported fitting SADs of zooplankton in
coastal neritic and estuarine conditions in the Arcachon Bay
(France) [70], the freshwater snails at swampy areas in Dou-
ala (Cameroon) [71], the Cyanobacteria in Nyong and
Kienke [41]. Given that nomocenosis are associations of
species subject to the influence of the same factors, they
characterize evolved or less disturbed environments. ZM
model is frequently adapted to evolved communities in natu-
ral environments, with a multi-species network structure
corresponding to an optimal structure for the circulation of
information [55, 72, 73]. The pooled assemblage functioned
in dry season on the basis of maintaining the complex infor-
mation network developed at spatio-temporal scales (close to
the ecological balance) with a low significant force of regen-
eration compared to undisturbed freshwaters.

5. Conclusion

The aim of the study was to to establish a baseline of infor-
mation on the distribution of chromists, in order to evaluate
the status and the occurrence of species known as
bio-indicators of the aquatic life quality. The studied river
mouths presented two useful species and one harmful species
to fish. A total of 10,427.1x10° cells belonged to three phyla,
eight classes, 23 orders, 32 genera and 40 species. Bacillari-
ophyta was the most collected phylum (71.7%). Melosiraceae
was the most collected family (13.4%). Melosira granulata
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was the most collected species (13.4%). The species diversity
was high. Assemblages were highly even and lowly dominated
by a few species. Twenty-four freshwater species (60.0%)
were recorded. Three marine species (2.4%) were recorded
and one brackish specialist was recorded exclusively in
Kienke (5.1%). Thirteen tolerant species (32.6%) were rec-
orded. The trophic diatom index showed that the diatoms were
in undisturbed conditions. The useful species and the harmful
species were rare and exclusively found in Kienke. Species
exhibited a positive net association in Kienke and the pooled
assemblage from both rivers in the rainy season while it was
negative in Nyong. Assemblages fitted LN model with low
environmental constants (m’<1) except in dry season in
Nyong where m” was high suggesting that majority of species
were moderately abundant (evolved environments). Pooled
assemblage in the dry season functioned on the basis of main-
taining a complex information network developed at spa-
tio-temporal scales with a low force of regeneration.
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