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Abstract

Mangrove estuaries are not immune to the threats posed by climate and anthropogenic constraints on aquatic environments. In
the Nyong River estuary, mangrove ecotone has capital importance for biodiversity conservation due to its localization in the
Douala-Edé protected area. For this study, seven quadrats were delimited in aim to evaluate mangrove structure and assessed his
interplay with sediment and water physicochemical characteristics. The study revealed a total of 120 individuals of 4 regularly
encountered species over a distance of 14 km: Rhizophora racemosa, Avicennia germinans, Rhizophora harrisonii and Phoenix
reclinata palms. The marshy soils under the mangrove have Total Nitrogen percentages varying between 0.04 and 0.68%. Total
Organic Carbon (from 2.20 to 8.61%) and Total Organic Matter (from 3.66 to 14.64%) contents have a similar pattern. The ratios
of Carbon and Nitrogen (C/N) reflect the presence of organic matter and plant debris over a large proportion of the estuary. The
ratio of Nitrogen and Phosphate (N/P) reflects the low availability of nitrogen in relation to phosphorus. The cation elements
evolve on average in the order Ca®* >Mg*" >Na* >K". This study provides information that would help explore linkages for
future research on biogeochemical balance in mangrove sediment and their implementation.
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1. Introduction

Both estuary beds and the seabed are the deposition sites
for a more or less important fraction of the organic material
produced in the water column, as well as for (detrital) mate-
rial of continental origin transiting mainly via rivers. The
weight of the pelagic input to the benthic environment is
related to the modalities and intensity of organic production
processes for a given coastal marine area [1-3].

Many environmental factors regulate the structure and
function of mangrove ecosystems, including climate, geo-
morphology, hydrodynamics and physicochemical parame-
ters of sediments [4-6]. Several authors have studied the
physical and chemical characteristics of soils in mangrove
ecosystems. These parameters are regulated by the river and
tidal currents, sediment texture, redox status, microbial ac-
tivities, litter production and decomposition [7, 8]. The deg-
radation of organic matter started in water, and proceeds
when it is in contact with sediments in different ways de-
pending on its nature, its stage of evolution and the charac-
teristics of the environment [9-11]. Sedimentary particles are
indeed a privileged site of fixation for microorganisms, but
the conditions prevailing in this environment will evolve
during burial, particularly with regard to oxygenation, pH
and redox potential [12]. As a result, most biological pro-
cesses will be limited to the most superficial levels of sedi-
ment. This biological activity will result in the release or
consumption of elements dissolved in the pore waters that
circulate more or less freely between the grains, thus making
possible a series of reactions (adsorption, desorption, group
exchanges, etc.) that will determine the evolution of certain
compounds during burial [13]. These different edaphic fac-
tors (pH, organic matter, exchangeable cations, soil texture
and water chemistry) are deeply influenced by the physical
phenomena of the soil and the behaviour of water appears to
be fundamental [14, 15]. Mangrove sediments are generally
characterized by high concentrations of organic matter, ex-
changeable cations or bases compared to non-mangrove en-
vironments [16-18]. These physical and chemical parameters
of sediments influence the development of mangrove tree
species in terms of structure and growth [19]. Macronutrients
such as exchangeable cations, i.e. calcium (Ca,"), magnesi-
um (Mg,"), potassium (K*) and sodium (Na*), vary accord-
ing to the tide and pore water saturation indicating good soil
fertility [20].

Mangroves are plant formations specific to coastal eco-
systems such as estuaries and deltas in tropical regions,
which are subject to daily tidal action [21-25]. The plant spe-
cies that characterise mangroves are known as paletuvia, of
which the two most important, if not exclusive, genera on the

Atlantic coast are: Rhizophora and Avicennia [26].

Mangroves or swamp forests are among the most im-
portant tropical forest ecosystems that provide several essen-
tial resources and services. They generate rich plant litter
with abundant microorganisms that provide important food
for the living organisms found there [27]. Each year, they
protect millions of people from flooding and billions of dol-
lars worth of goods worldwide, and they are a source of food
for the areas in which they occur. If these mangroves were to
disappear, the number of people suffering from flooding each
year would increase by 18 million, or 39%. Material damage
would increase by 82 billion dollars or 16% [28].

In Africa in general and Cameroon in particular, the
oceans are responsible for the presence of brackish water
when they come in contact with the rivers of the latter. The
lower reaches of the Nyong River catchment are located in
the southern part of the Douala-Edé& National Marine and
Terrestrial Park. This maritime reach is a mangrove estuary
that provides several ecological and socio-economic services
for the riparian populations and the surrounding departments
or administrative divisions of this locality [29]. Moreover,
this mangrove is partially attacked by anthropic activities
that modify its natural functioning. It is therefore necessary
to know the ecological structure of this ecotone in terms of
vegetation and soil in relation to the gradient of mineralisa-
tion from the ocean and that of organic matter from streams
and rivers [30].

People living near the Nyong estuary use wood from this
mangrove for smoking fish and for various other practices
[31]. This activity is likely to change the health of this man-
grove, which is very beneficial to the organisms living there
and to humans. Information on this estuary in general is still
insufficient, although some work have been done on water
quality and micro-algal biodiversity [32, 33]. Various factors
can contribute to mangrove zonation, such as, an expression
of plant succession, a response to geomorphic change, a
physiological response to tide gradients and differential tree
dispersal. As mangroves are very important because of the
ecological and socio-economic services they provide, the
Nyong estuary is even more important because it is part of
the Douala-Edé National Park, which could be subject to
anthropogenic pressures. To contribute to the understanding
of the biogeochemical functioning of the Nyong River man-
grove estuary, it appears important to carry out a study on the
ecological structure of the mangrove system associated with
the evaluation of the physicochemical parameters of the
sediments and water of this ecosystem.
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Figure 1. (a) Study area location in Cameroon map (b) Thematic mapping of the mangrove in study area (c) Geological map of the South

Cameroon [41].

2. Materials and Methods

2.1. Study Area

The Nyong estuary is located at the southern end of the
Douala-Edea National Marine and Terrestrial Park. It is

located in the downstream part of the Déhanévillage falls
(Littoral region) to the Atlantic Ocean between 3<13.413'
and 3<18.331' North latitude and 9%4.286' and 9%57.541"
East longitude (Figure 1b). Located in the climatic zone of
Equatorial Guinea, the Nyong estuary occupies the lower
sub-basin of a watershed that drains its waters over an area
of 27800 km?. The average flow in the flood period at
Dénane, about 40 km from the mouth, is about 1349 m?/s. It
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is influenced by the southwest monsoon winds, limited to
an average of 10 km/h due to the high annual rainfall (2919
mm/year) and the highly developed tropical forest on the
southern plateau [33, 34]. The study area is a shallow es-
tuary with an average depth of 6 m. The average water
temperature varies seasonally between 23.57 and 28.70C
[29, 30]. The tidal ranges are relatively modest on the
straight and more or less rocky coast of the southern part of
the Cameroonian plateau: during spring tides, they reach
1.8 m at Kribi and 1.5 m at Petit-Batanga, located 20 km
upstream from the mouth of the Nyong [35]. Salinity is
mainly influenced by the tide, which is semidiurnal. With
values between 0 and 25 PSU along the estuary, it shows a
space effect during both tidal cycles, with an average of
10.81 and 10.31 PSU at high and low tide respectively in
the lower part, while in the upstream, the average salinity
evolves from 0 to 5 PSU [33]. This is an area less affected
by anthropogenic influence. It is a dense evergreen forest
of low and medium altitudes, one of the main components
of which is the mangrove, a rainforest under essentially
maritime influence. The geological formations of the
catchment area of the Nyong belong to both the
Pan-African belt and the Ntem complex. In its coastal part,
the lithological and structural units encountered are the
Archean basement of the Ntem made up of Granudiorites,
gneiss, basic and ultrabasic intrusion of dolerites on the one
hand, and sedimentary formations on the other hand, made
up of alluvial deposits and sandy coastal strips (Figure 1c).
Two types of soil are identified in this area. Ferralitic soils
distinguished by a brown humus layer, followed by a clay
layer, with ferruginous concretions at the base (pH between
4.7 and 5.10). Hydromorphic soils of 2 types, firstly or-
ganic hydromorphic soils which are found on the banks of
rivers and in marshy areas. Secondly mineral hydromor-
phic soils specific to mangrove areas, rich in gleys and
evolving towards the marine environment [36-40].

2.2. Data and Method

2.2.1. Field Sampling

In this study frame, a field campaign and monitoring of the
estuary was conducted from 9" to 20" March 2020. This
campaign consisted of observations and identification of trees
from downstream to upstream of the estuary, followed by
sediment cores sampling at seven (07) points; this was done
during low tides to facilitate access to the site (Figure 1).

Firstly, the mapping of the study area was necessary to
characterize the mangrove of the Nyong estuary in a global
way. Data characterizing the mangrove were collected in such
a way that those relating to the density, height and circum-
ference of mangroves were recorded and plots, selected on the
field during low tide and according to accessibility. The
method of permanent plots (10 X 10 m) along transepts has
been classically used between the downstream estuary
(Quadrats 1, 2, 3, 4) and the upstream estuary (Quadrats 7) via
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the intermediate (Quadrats 5, 6) [42-44]. In a second step,
sediments were collected from the 07 selected sampling
points using a 1.30 m long, 100 mm diameter P\VVC core barrel.
Once the core was collected, it was immediately covered with
a plastic film and aluminium foil according to the method
described by Marchand et al. [45]. This preserves the sedi-
ments from drying out and limits gas exchange with the at-
mosphere. The height of the water table and the physico-
chemical parameters (pH, salinity, electrical conductivity,
redox potential) were measured in-situ in the residual hole of
the sample using a HANNA HI 9829 multiparameter ac-
cording to Marchand et al. [45].

2.2.2. Laboratory Analysis

After the fieldwork, the cores were transported to the la-
boratory of the IRAD Marine Ecosystem Research Station in
Kribi, Cameroon. The cores were carefully placed on a spe-
cially designed cutting rack (in 10 cm slices) [46]. For this
first step, each core was described in detail based on the length
and distinction of different parts, in terms of color and texture
of the sediments according to the methods of Hussenot et al.
and Raimbault et al. [47, 48]. All traces of plants and other
organisms as well as any remarks useful for the digitization of
these cores and the interpretation of the analytical results were
also noted. In this study, only the 0-10 cm and 10-20 cm slices
were analyzed after air-drying and storage in aluminium foil
to limit exchange with the atmosphere [46, 49]. The recovered
dry samples were transported to the soil laboratory of the
Faculty of Agronomy and Agricultural Sciences (FASA) in
Dschang for various analyses. Total phosphorus (TP), total
nitrogen (TN), total organic carbon (TOC), sodium (Na*),
potassium (K"), magnesium (Mg?*), calcium (Ca*") and sul-
fates (S) were determined according to the methods described
in Chougong et al. [46]. The particle size distribution (sand,
silt and clay content) was determined using the standard pi-
pette method described by Singh et al. and Ekoa Bessa et al.
[50, 51].

2.2.3. Data Analysis

(i). Dendrometric Analysis of the Mangrove

The parameters studied are the types of mangrove species
found in the plot carried out, their genus, family and the nature
of the canopy are found there. As well as the number of trees
found per plot, their representative percentage in the man-
grove, their different circumferences and their different
heights were also studied. The average diameter (D,,) of the
trees is the average of the diameters of the different individ-
uals, i.e. the sum of the diameters of the trees over the number
of trees. It is calculated by the following formula.

Dy = %5 (1)

With D,, = average diameter, d = diameter of a tree, n =
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number of trees measured. W = Mass of the wet sediment - Mass of the dry sediment % 100 (3)
The average tree height is the average of the tree heights as Mass of the wet sediment

indicated.

(iif). Chemical Parameters of the Sediment

- yh 2 The studied parameters were analysed in the laboratory, in
Hp = X% ) ' _

n order to determine the concentration of TP (mg/kg), TN (%),
TOC (%), S (mg/kg) and TOM (%) found in the sediments of
the mangrove from the Nyong estuary, according to the
method described by Raimbault et al. [48]. These are the
oxidising elements used for bacterial degradation processes.

] _ _ ) Their successive use controls their distribution within the
The studied parameters are the lithofacies (type, thickness,  gjssolved and solid phase of the sediment column according

arrangement and texture), the composition (plants debris,  {q the chemical equations of Froelich et al., then of Postma

biogenic fragments, etc), the colour determined by the Mun- 5.4 Jakobsen [53, 54]. Some equations are established ac-

sell chart [52]. The determination of the water content of the cording to the stoichiometry for one mole of organic matter

sediments is calculated by the following formula. proposed by Redfield (1963) (C106/N16/P) and the C39/S53
ratio [55, 56].

With Hp,, = average tree height, h = height of a tree, n
number of measured trees.

(ii). Physical Parameters of the Sediment

1380, + MO + 18HCO3 — 124C0, + 16NO3 + 122H,0 + H;PO0, (4)
Oxidation of Organic Matter (OM) by oxygen (4)
94.4N0; + MO — 52.2N, + 13.6C0, + 84.8H,0 + HPO?™ + 92.4HCO; (5)
Denitrification (5)
5350%~ + MO — 53HS?™ + 39C0, + 39H,0 + HPO?™ + 67HCO; + 16NH} (6)
Oxidation by sulphates (6)
The analysis of absorbed cations or exchangeable bases 3, Results
requires a double determination of the soluble salts and the

cations of the non-desalted complex, due to the presence of

the soluble salts. According to the standard method of Viel- 3.1. Structural Characterisation of the

lefon, improved by Pauwels et al. for air-dried sediment Mangrove
samples, the salts were determined on the 1:10 extract and o
recorded in milliequivalents per 100 g [57, 58]. 3.1.1. Overall Characterisation of the Study Area

In the Nyong estuary, from downstream to upstream, the
(iv). Statistical Analysis mangrove forest extends over about 14 km. Four species and 120

The basic statistical treatment of each measured variable ~ individuals were identified during this study (Figure 1). The
started with the estimation of some classical statistical pa-  9eneral configuration of the mangrove is mainly made up of the
rameters such as: means. minimum values. maximum values genus Rhizophora racemosa, of which 40 individuals have been

standard deviations and variances. To test the effect of space  identified along the marine frontage representing approximately
represented by the stations, seven (7) ordinal analysis of 33.33% of the surface area of the formations. The_ genus Avi-
variance with a classification criterion (ANOVA 1) was used cennia germinans has been recorded downstream, in the inter-

for each physicochemical parameters and sediment core mediate zone and upstream of the estuary. These species occupy
slices. about 40% of the total area. The genus Rhizophora harrisonii (8

individuals) is located only downstream of the estuary and rep-
resents the minority with a percentage of 6.67% of the total area.
Palms are also represented with 24 individuals of Phoenix rec-
linata. Unidentified seagrass beds and other invasive plants were
quantified on 20% of the area (Table 1).
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Table 1. Characteristics of the plots sampled in the mangrove.

Observations made

Presence of stump sprouts
Slightly open canopy

Pneumatophores covered by sea grass and silting
Full mangrove

Closed canopy

Canopy completely open
Presence of invasive species containing stilt roots

Open canopy
Roots and invasive species

Closed canopy
Presence of discharge

Quadrats  Sample points Species (number of specimens)
01 £rmmNT. O A AR Avicennia germinans (2)
Q1 PLE%IST3TN; 9°54°477°E) Rhizophora harrisonii (8)
01 £2 AL NTe (O A 320 Avicennia germinans (4)
Q2 P2 3°157457N; 9°54°7”E) Phoenix reclinata (13)
Q3 P3 (3°15°03”N; 9°54°3”E) Rhizophora racemosa (17)
o4 P4 (3°15°55"N; 9°56°11"E) Phoenix reclinata (11)
’ Rhizophora racemosa (12)
01 £3m L3N OE A 2 Avicennia germinans (11)
Q5 PS (3°167367N; 9°57"32”E) Rhizophora racemosa (7)
01 09m 1 5N s NOEA A > Avicennia germinans (13)
Q6 P6 (3°18'317N; 9°397337E) Rhizophora racemosa (4)
Q7 P7 (3°19°32”N; 10°01°23”E) Avicennia germinans (18)

3.1.2. Vertical Stratification of the Mangrove

The species Rhizophora racemosa has the highest average
height on the Nyong estuary with a value of 13.46 m, followed
respectively by the species Avicennia germinans (9.26 m),
then Rhizophora harrisonii (6.52 m) and Phoenix reclinata

Scoured earth. Closed canopy
Sandy and clayey soil
Presence of stump sprouts

(4.86 m) (Figure 2A). The floristic species Avicennia germi-
nans has a dominant average diameter of 0.58 m, followed by
Rhizophora racemosa (0.48 m), Rhizophora harrisonii (0.12
m) and Phoenix reclinata (0.08 m) (Figure 2B).
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Figure 2. Variation in mean height (A) and mean diameter (B) according to mangrove species.

3.2. Physicochemical Characterization of
Sediments and Pore Waters

3.2.1. Description of the Cores

The seven cores taken in this mangrove have heights
ranging from 56 to 91 ¢cm and consist of sediments contain-
ing stems of milli-metric diameter and roots of centimetric
diameter. The lithofacies and resulting texture, presence of
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figured elements, color and water content differed from one
core to another.

P1 core is 64 cm long and consists of alternating medium
to fine yellow-brown to grey sands with the presence of bi-
valves in the upper layer (Figure 3). It is sandy in texture and
its water content varies from 14.20 to 27.22% by weight
(Figure 4 and Figure 5).
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Figure 5. Water content variation curve along the Nyong estuary.

Core P2 is 78 cm long and consists of alternating sandy,
silty and clay layers of brown to grey color, where living
organisms (crabs) were identified in its upper layer (Figure
3). The resulting texture of this core is that of silty to muddy
sands with water contents between 30.10 and 45.97% (Figure
4 and Figure 5).

Core P3is 56 cm long and consists of fine sand in the upper
part and silt in the lower part, where coals and palm nuts are
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encountered (Figure 3). The resulting textures are sand and
silty sand. The water contents range from 25.89 to 47.78% and
these layers are grey to brown (Figure 3 to Figure 5).

Core P4 is 80 cm long consisting of sandy, silty and clayey
layers, greyish brown to yellow in color, and contains gas-
tropods and pieces of bark (Figure 3). The resulting textures
are: silty and muddy sand, sandy silt and sandy mud; water
contents vary from 36.10 to 76.95% (Figure 4 and Figure 5).

Core P5, 80 cm long essentially made up of grey-brown to
light-colored clays, containing dead leaves (Figure 3). The
water contents vary from 64.37 to 78.56% and the texture is
that of muddy sands (Figure 4 and Figure 5).

Core P6 is 91 cm long and consists of alternating sandy,
silty and clayey layers, grey-brown to light in color, contain-
ing dead leaves (Figure 3). The resulting textures here are
sandy, silty sand and sandy silt and the water contents vary
from 39.92 to 58.82% (Figure 4 and Figure 5).

Core P7 is 80 cm long and consists of brown and grey
sand and clay with dead leaves and animal and plant debris
(Figure 3). The resulting textures are sand, muddy sand and
sandy mud, and the water contents are between 19.20 and
29.98% (Figure 4 and Figure 5).

Overall, the mangrove sediments of the Nyong estuary are
predominantly sands (74.08%). These are respectively fol-
lowed by silt (17.72%) and clay (8.2%). The water content of
these sediments ranged from 14.20 to 78.56%. The water
content of cores P1, P2, P3 and P7, ranging from 14.20 to
47.78%, was less than 50% and that of cores P4, P5 and P6,
ranging from 36.10 to 78.56%, was greater than 50%.

3.2.2. Physicochemical Characteristics of Pore
Waters

The salinity of waters of the mangrove sediments varies in a
decreasing manner from the downstream estuary (19.88 PSU
at P1) to the upstream estuary (0.01 PSU at P7) (Figure 6A).
Dissolved oxygen in different cores varies from 0.51 (P2) to
2.17 mg/l (P6), with an average of 1.24 mg/l (Figure 6B).
There is a significant difference between the values in the
lower estuary (P1, P2 and P3) and those in the upper zone (P6
and P7) (P<0.05). The lowest value of electrical conductivity
is 0.022 uS/cm in core P7 and the highest value 32.05 pS/cm
in P1 (Figure 6C). The TDS, presents a similar pattern with
salinity and conductivity, but varies between 0.01 mg/l in P7
and 16.03 mg/l in P1 (Figure 6D). The redox potentials (Eh)
range from -82.8 mV in P1 to 160.5 mV in P2 (figure 6E). The
soils regularly exposed to the air are well oxidized as show at
P2, P3, P4, P7 (Figure 6E).
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3.2.3. Chemical Characteristics of Sediments
The range of variation of chemical parameters of the sediments at all the stations of this study is presented in table 2.

Table 2. Range of variation of some chemical parameters in sediments (SD = Standard Deviation, Min = Minimum, Max = Maximum).

Range (cm)
Parameters 0-10cm 10-20cm

meanaSD Min Max mean3SD Min Max
TP (mg/kg) 648.71+122 514 823 625.14+144.14 485 856
TN (%) 0.3340.24 0.04 0.68 0.3140.24 0.04 0.65
S (mg/kg) 5.2043.70 0.68 10.56 5.4844.67 0.65 12.83
TOC (%) 4.7842.50 2.20 8.05 4.8942.86 1.80 8.61
TOM (%) 8.2744.47 3.66 14.05 8.428+4.92 3.10 14.64
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(i). Total Nitrogen

The TN contents varied from 0.04 (P2) to 0.68% (P5) with
an average of 0.336% in the 0-10 cm depth and between 0.04
(P3) and 0.65% (P5) with an average of 0.316% (10-20 cm)
(Figure 7A). Between the stations, the TN content shows a
very significant difference (P<0.01). The highest values are
observed in the stations of the intermediate zone (P4, P5, P6).
For each station, there is a significant difference (P<0.05)
between the values along the vertical profile.

(ii). Total Organic Carbon

The TOC contents varied from 2.13 (P3) to 8.05% (P5)
with an average of 4.78% (0-10 cm) and between 1.80 (P3)
and 8.61% (P4) with an average of 4.89% (10-20 cm). Total
Organic Carbon levels appear high in the Nyong estuary, but
the highest contributions are observed in the intermediate
zone (Figure 7B). Stations P4, P5 and P6 show significantly

different TOC contents than those observed in P1, P2, P3 and
P7 (P<0.05). The TOM content of the cores in the solid
phase of the sediments shows a similar pattern with the TOC
content. Its percentages vary between 3.10 (P3) and 14.64%
(P4) with an average of 8.28% (0-10 cm) and between 3.66
(P3) and 14.05% (P5) with an average of 8.43% (10-20 cm)
(Figure 7E).

(iii). Total Phosphorus

The TP contents obtained in the samples taken at the dif-
ferent sampling points varied from 514 (P3) to 823 mg/kg
(P4) with an average of 648.72 mg/kg (0-10 cm) and be-
tween 485 (P1) and 856 mg/kg (P4) with an average of
625.14 mg/kg (10-20 cm) (Figure 7C). TP showed a signifi-
cant difference (P<0.05) between the stations.

(iv). Sulphates
In the 0-10 cm depth range sulphates varied from 0.68 (P5)
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to 10.5 mg/kg (P4) with an average of 5.201 mg/kg. Then
from 0.65 (P5) to 12.83 mg/kg (P4) with an average of 5.48
mg/kg (10-20cm) (Figure 7D).

3.2.4. Exchangeable Bases (Potassium. Sodium.
Calcium and Magnesium)
As presented in Table 3, the exchangeable bases have de-
creasing average concentrations following the order Ca*
>Mg®* >Na" >K* The difference between stations and slices

is not significant when combining the concentrations of these
elements.

The Na* contents varied globally from 0.39 (10 - 20 cm) to
4.17 cmol+/kg (10 - 20 cm), the highest values are observed in
the intermediate estuary at P4 with 3.82 and 4.17 cmol+/kg
respectively in the surface and deep sediment slices (Figure
8A). For both core slices the difference is significant between
the two stations (p<0.05).

Table 3. Range of exchangeable bases in mangrove sediment (SD = Standard Deviation, Min = Minimum, Max = Maximum).

Range (cm)
Parameters 0-10cm
mean=SD Min
Ca?" (cmol+/kg) 5.9845.33 1.96
Mg?®* (cmol+/kg) 2.4632.22 0.46
K* (cmol+/kg) 0.6840.42 0.31
Na* (cmol+/kg) 1.86+1.28 0.48
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Figure 8. Evolution of exchangeable bases in mangrove sediments, (A) Total Nitrogen, (B) Total Organic Carbon, (C) Total Phosphorus, (D)

Sulphate, (E) Total Organic Matter.

The K+ values varied from 0.31 to 1.25 cmol+/kg in the

slice (0 - 10 cm), then from 0.22 to 1.58 cmol+/kg (10 - 20 cm).

The highest concentrations are observed in P4 followed by P2

and P5 (Figure 8B). An average of Exchangeable Potassium
was 0.6840.40 and 0.7240.50 cmol+/kg respectively for 0 - 10
cm and for 10 -20 cm, from one point to another the difference
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is significant (p<0.05).

The mean values of Mg?®* (surface slice) were 2.5842.40
cmol+/kg (next slice). The lowest levels were obtained at P3
with 0.46 (10-20 cm) and 0.56 cmol+/kg (0-10 cm), while the
highest levels were observed at P4, i.e. 5.95 cmol+/kg at the
surface and 7.15 cmol+/kg at depth (Figure 8C). The differ-
ence was significant (p<0.05) between stations in the cores
from downstream to upstream.

The overall means of the exchangeable Ca®* base was
5.9845.30 (0-10 cm) and 6.2646.16 cmol+/kg. The maximum
Ca? contents, 18.24 and 15.66 cmol+/kg were observed in P4
at the base and the superficial sediment slice respectively
(Figure 8D). The minimum values 0.96 and 1.12 cmol+/kg are
observed in P3 at the base and the surface layer respectively.

3.2.5. Nutrient Ratios (N/P; C/SO4. C/N; C/P)

These are among others: N/P, C/SO4, C/N and C/P (Figure
9). The values obtained in this study for N/P are between 0.65

20
® 010cm
18} ® 10-20cm

16m
14+ A
12+
10+

N/P
(S

ON & o ®
=
L
.

PP P2 P3 P4 P5 P6 P7

60

® 0-10cm
® 10-20cm
48}

a2} o * c
36 -

< 30}
24}

18
3 " :

12+

P1 P2 P3 P4 P5 P6 P7
Sampling points

<
1 o 10000

| o 8000

(P2) and 8.61 (P5) (0-10 cm) and between 0.81 (P3) and 9.14
(P5) (10-20 cm). Thus, for values of this ratio (N/P < 16), it
can be seen that nitrogen is the limiting element for the op-
timal growth of the plant species (Figure 9A).

The Figure 9D shows the evolution of the C/SO4 ratio in
the sediment along the estuary. The values obtained in this
study range from 0.19 (P1) to 11.83 (P5) (0-10 cm) and from
0.40 (P6) to 1.2 (P5) (10-20 cm).

The Figure 9C shows the evolution of the C/N ratio. The
values obtained in this study are between 11.70 (P5) and 55
(P2) (0-10 cm) and between 13.72 (P6) and 45 (P3) (10-20
cm). These values are higher than the classical Redfield yield
C/N = 106/6=6.625. The variation of the ratio shown in Figure
9B is the C/P ratio. The values obtained in this study range
from 35.889 (P2) to 102.03 (P5) with an average of 70.16
(0-10 cm) and from 36.88 (P3) to 109.70 (P5) with an average
of 73.82 (10-20cm).
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Figure 9. Diagram showing the nutrients ratio in mangrove sediments, (A) ratio N/P, (B) ratio C/P, (C) ratio C/N, (D) ratio C/SO4.

4. Discussion

4.1. Dendrometrical Structure of the Estuary
Mangrove

The dominant plant formations in the Nyong estuary man-

grove sample quadrats are Avicennia germinans and Rhi-
zophora racemosa. The height of the trees found there is
between 4.86 m and 13.46 m and the circumference is be-
tween 0.08 and 0.58 m. These dimensions are close to those
recorded in the Shark River estuary in Florida in the USA,
which has a rainfall (2000 mm/year) close to the coastal zone
through which the Nyong estuary passes [59-61]. The di-
mensions of the Nyong vegetation are even smaller than those
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found in the Bamosso mangrove (southwest coast of Came-
roon) where the average height is equal to 20.20 m and the
average diameter to 2.65 m [62]. This difference is due to the
fact that the south-western region of Cameroon has an oceanic
climate on the west coast and an equatorial coastal climate
characterized by two seasons with a long rainy season (March
to November) [60]. Secondly, in Bamosso, they develop on
soils that are rich in water and uncrystallised minerals due to
the large amount of organic matter. These soils also have an
abundance of humus and are well oxygenated [60-64]. The
forest vegetation of the Nyong estuary is evergreen, domi-
nated by mangroves and interspersed with shrubby grassland
in the upstream part of the estuary [65]. The most common
species, Rhizophora racemosa, is found in the lower estuary
and on the banks, while Rhizophora harrisonii is mainly found
in the middle of the area and other species occur in stunted,
shrubby forms such as Avicennia germinans and Phoenix
reclinata. Similar observations to those made in the coastal
zone of southwestern Nigeria [66, 67]. The result is all so
similar to that of Okanga et al. [68]. in the Gabon estuary.

4.2. Assessment of Physical and Chemical
Parameters of Mangrove Sediments

The cores collected in the Nyong mangrove consist of
heterogeneous sediments. The facies encountered are clays
(8.2%), silts (17.72%) and sands (74.08%), generally grey
(5/1) and yellow (8/8). This high sand content can be ex-
plained by the presence of sandy deposits (terraces,
strandplain ridges, chains) that line the entire length of the
river downstream from the Déhane Falls. The texture of the
sediments based on the average percentages of particle
composition revealed that the sediments belong to the
sandy-clay and sandy-silt texture, a texture observed in the
equatorial sub-climate estuaries as Burutu (Forcados River),
Opuama (Benin River) and Kurutie (Escravos River) [67].
Mangrove forests are usually closed and sheltered environ-
ments with low energy water, which favours the sedimenta-
tion of medium and fine particles [69, 70]. However, sedi-
ments containing higher sand particles in about 90 cm as in
this study could be attributed to sandy barrier beaches that are
sub-actual and modern [71].

Salinity is considered to be one of the factors limiting the
growth structure of mangrove trees [72, 73]. Along the estuary,
the salinity of waters pore in the mangrove wetland is much
lower than 35 PSU. They are below the critical values that
influence the complexity of the mangrove [74]. Along the es-
tuary, in the waters of the mangrove sediments, the pH levels
ranged from moderately acidic (5.2 - 6.8) to moderately basic
(7.1 - 7.5). The pH of waters pore of mangrove wetlands in
other tropical environments has shown similar values (acidic or
alkaline) to those observed in this study, ranging from 4.87 to
6.40 on the one hand and 7.40 to 8.22 on the other [75-78].

The mangrove sediments of the Nyong are characterised in
places as reduced with low redox values and oxidised with

high values. In stations P1 (-82.8 mV), P5 (-50 mV) and P6
(-52.28 mV) the Eh values are relatively low, which would be
justified by the position in the intermediate estuary with rhi-
zophora and avicennia showing a high root development [79].
In these sediments, the degradation of organic matter takes
place under anaerobic conditions, involving iron or sulphates
in the processes. Highly anaerobic conditions can lead to the
production of foul smelling sulphides [80, 81]. Sediments
regularly exposed to the air are well oxidised (P2, P3, P4, P7).
The Malende camp point in the downstream estuary (P2=
+160 mV) has strong hydrodynamics. It is a creek outlet,
followed by P3 (+48.30 mV), both oxygenated by wave
mixing. Point P7 (+30.28 mV) at Donenda has significantly
low Eh (P<0.005) compared to P2 and P3 as it is located in the
upstream estuary zone with low hydrodynamics due to dy-
namic tide only [82].

4.3. Variability of Nutrient Content in Mangrove
Sediment

Soil nutrients such as nitrogen and phosphorus play a very
important role in the photosynthetic yield of mangrove trees
[45]. Due to its high biomass production, mangrove ecosys-
tems are rich in organic matter [83]. The low levels of nitro-
gen with the average of 0.336% (0-10 cm) and of 0,316%
(10-20 cm) indicate undisturbed sediment. This is in contrast
with the mangrove environment, which is subjected to
wastewater discharges from households and industries [84,
85]. This non- perturbed character is also observed in the
phosphorus content with local values of 600 and 800 mg/kg
that allow the mangrove of the Nyong estuary to be classified
as a eutrophic system [86, 87].

In this study, the C/N ratio is between 10 and 15 for sedi-
ment layers from 0 to 20 cm at sampling points P4, P5, P6, P7,
except for P1, P2 and P3 located on the banks on either side of
the mouth. The range of C/N ratio, implies that the organic
input does not comes completely from marine sources. This
reflects a mixture of degraded debris from higher plants and
organic matter [88]. This organic matter has moderately high
levels (>12%) which is linked to the presence of decomposing
mangrove tissues from stems, roots and leaves [18, 89]. This
supply of organic matter also explains the high TOC levels
(>8%) observed in the middle estuary stations [90]. In this
mangrove, the heterotrophic habitat comparisons consist of
several species of crabs, molluscs, fauna inhabiting leaf litter
and detritus arthropods using this one as a source of food or as
shelter, reptiles, birds, bacteria and fungi [91]. These organic
carbon contents are also concentrated in the mangrove
swamps of the protected area in southwestern Nigeria. The
nature of such sediments is considered to be peaty, with po-
tential as a reservoir [82]. At stations P2 and P3, C/N > 40
with total nitrogen levels close to 0.1% reflecting the nitrogen
poverty at these sites. This could be due to the position of
these points in an area regularly flooded by waves. Conse-
quently, the litter that could accumulate there is exported by

35


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

Journal of Water Resources and Ocean Science

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

the waves. These sites are poor in organic matter and organic
carbon, and are dominated by sand (at least 74%). This result
is similar to that obtained at Yoyo and Manoka in the estuary
of Sanaga River in South West Cameroon coastal zone [18].

In general, along the Nyong estuary the N/P < 16 ratio re-
flects a low availability of nitrogen relative to phosphorus, as
the phosphorus is bounded to the stream substrate while ni-
trogen is bounded to litter that could be leached by the water
current [92]. The intermediate estuarine zone and the mouth
are sediment deposition environments as suggest by Chen and
Twilley [59]. The phenomenon of scavenging could explain
this higher concentration of phosphorus in the sediment than
nitrogen. This enrichment in phosphate is equally observe in
the C/P report which is comprise between 35.88 (P2) and
102.03 (P5) with an average of 70.16 (0-10 cm), then between
36.88 (P3) and 109.70 (P5) with an average of 73.82 (10-20
cm). This reflects the good growth of plant species in the
mangrove of the Nyong estuaries [93, 94]. The sediments of
the Nyong estuary are both hydromorphic organic and mineral
according to Olivry and Oslisly [60, 95]. They are sediments
under the rhizophoras and avicennia mangrove, characteristic
of acid sulphate sediments [57]. This would justify the low
values of the C/SO, ratio indicating high sulphate contents as
designated by the FAO classification [96]. Although both
organic carbon and organic nitrogen are released during
mineralisation, the clearly marked carbon concentrations in
the sediment beneath the rhizophora sites reflected a different
control, with mineralisation probably related to root exudation
or fine root degradation on the one hand, and a higher nec-
romass root biomass for rhizophora, compared to the higher
live root biomass for avicennia on the other [97].

Cation exchangeable bases are generally used to assess
soil fertility [98]. Indeed, this decomposition of the roots of
this mangrove species leads to a high production of sulphide
from soil compounds and sulphate from sea water, as shown
in the Tiko mangrove on the North Atlantic coast of Came-
roon [99, 100]. The Ca* values were found to be below 4
cmol+/kg in cores P1, P2 in the lower estuary and P6, P7 in
the upper estuary, thus revealing a critical level for fertility
[18, 101]. Locations where quadrats exhibited lighted can-
opies with scattered trees and a rather sandy and clayey
sediment. The Ca?* and Mg®" cations have higher average
values than Na" and K*. This decreasing order of macronu-
trients in mangrove estuary soils is similar to that observed

by Andrade et al. [102] in the S& Francisco estuary in Brazil.

The Na* values evolve in a decreasing way from the mouth
to the upstream of the river with a non-significant difference
between stations. Sediments in the downstream and inter-
mediate zones with high concentrations P2 (3.06 and 3.57
cmol+/kg), P3 (3.82 and 4.17 cmol+/kg) and P5 (2.35 and
2.04 cmol+/kg), indicate sediments classified as saline sodic
where the dominance of Rhizophora followed by Avicennia
has been noted [17].
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5. Conclusion

The investigations in this study show that in the Nyong
mangrove estuary several factors influence vegetation zona-
tion such as a response to geomorphological changes and a
physiological response to tidal gradients. The following con-
clusions can be drawn from this study:

1. The forest of the Nyong estuary is dominated by man-
grove trees in the saline tidal zone. The most common
species is Rhisophora racemosa, followed by
Rhisophora harrisonii in the brackish marshlands, and
then by shrub species such as Avicennia germinans and
Phoenix reclinata. The dynamic tidal zone is mainly
occupied by shrubby grasslands.

2. It appears that, although salinity is a limiting factor for
mangrove growth and development, it collaborates with
other factors in influencing the mangrove ecosystem.

3. Sediment texture is relevant to mangrove structural
development due to the dominance of sandy-clay and
sandy-silt textures. Several other factors contributing to
mangrove structuring such as pH, redox potential, nu-
trient salts reveal that it is important to examine in more
detail other aspects of the mangrove environment in
order to discover the importance of each of the variables
on plant structure.

4. Organic carbon and organic nitrogen levels, both of
which are released during mineralization, show strong
control by rhizophora zones where the sediment is rich
in carbon. Rhizophora had a higher root biomass and
root degradation than avicennia.

5. Macronutrient concentrations in the sediment evolve in
the order Ca2+ >Mg2+ >Na+ >K+. The Na+ values
from downstream to upstream revealed in sediments
classified as sodium saline with rhizophora dominating
followed by avicennia. there is a tendency for species
zonation according to soil fertility, dominated by rhi-
zophora which is strongly present in fertile soils.

6. Variations in salinity, grain size, redox potential and
nutrients from downstream to upstream of the estuary
could be at the origin of the population structure of the
Nyong. It is important and timely to conduct research to
improve the understanding of the biogeochemical pro-
cesses and dynamics of estuarine sediments that support
the stability of mangrove ecosystems.
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