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Abstract

In recent decades, there has been a significant reduction in mangrove vegetation cover. Anthropogenic
activities are increasingly affecting this ecosystem, even in protected areas. This study aimed to assess the
impact of logging on the floristic composition and structure of mangrove vegetation in the Sanaga river
estuary. The study was conducted in six mangrove areas of the Douala-Edea National Park. Plots measuring
25m x 25m were established every 20m along open transects perpendicular to the main tidal channels to
inventory all species. Trees with a circumference greater than 15cm were identified and their heights were
measured in each plot. The number and circumference of all stumps were also identified. The impact of
logging was characterised by stump abundance, number of associated species, and density of Acrostichum
aureum and Nypa fruticans. Seven of the eight characteristic mangrove species of the African Atlantic coast
were encountered, with the exception of Conocarpus erectus. Out of the six investigated sites, three were
slightly disturbed and three were moderately disturbed. The Shannon-Weaver diversity index ranged from
1.13 to 1.88, while the mean abundance varied from 400 + 67.9 to 656 + 90.5 ind. ha'. The mean diameter
ranged from 7.8 + 6.7 to 22.5 + 11cm, and the mean height of trees ranged from 4.8 + 2.8 to 17.5 + 8.2m.
Many young individuals are being exploited (diameter of the stumps less than 10 cm) . Human activities have

impacted the structure of the mangroves, with logging being the main cause of degradation of this ecosystem.

*Corresponding Author: Ndongo Din P din.ndongo@yahoo.com
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Introduction

Deforestation is a significant problem faced by
developing countries, resulting in permanent
alterations to their ecosystems. The combination of
high population growth and poverty is driving people
to occupy low-cost open spaces, intensifying pressure
on resources and contributing to the modification of
many natural habitats, such as mangroves (Din et al.,
2017). Mangroves have traditionally been the
foundation of local livelihoods and provide essential
ecosystem functions, goods, and services (Getzner
and Islam, 2020; Afonso et al., 2021). They play a
critical role in the economy and ecology of coastal
communities (Rizal et al., 2018; Kathiresan, 2021),
fighting against coastal erosion and protecting
surrounding populations from damage caused by
cyclones, tsunamis, and hurricanes (Asari et al,
2021). Mangrove ecosystems are crucial for
maintaining biodiversity and fighting global warming
by absorbing atmospheric CO. (Ndema-Nsombo et

al., 2016; Johnson et al., 2020; Kathiresan, 2021).

However, their area is steadily declining due to
anthropogenic activities and environmental changes
(Asbridge et al., 2015; Friess et al., 2019; Avila-Flores
et al., 2020). The destruction of mangroves is often
caused by their use for aquaculture, agriculture, rice
cultivation, uncontrolled wurbanisation, excessive
logging, and oil activities (Friess et al., 2019; Spalding

and Leal, 2021; Asante et al., 2023).

In Cameroon, the expansion of the port of Douala,

firewood and timber exploitation, charcoal
production, sand collection, rapid demographic
growth leading to the construction of huts,
anarchic urbanization of adjacent areas, creation of
and absence of
depleted

mangroves (Nfotabong-Atheull et al., 2013; Din et

villages and fishing camps,
appropriate legislation have further
al., 2017; Emane et al., 2021; Lontsi et al., 2023).
Local people traditionally cut down mangrove trees
close to dwellings for firewood. However, the
felling of mangrove trees becomes harmful when it
becomes a lucrative timber exploitation activity for
populations who rely on it as their main source of

income (Din et al., 2008).

Human activities constantly disturb mangrove
ecosystems, leading to dysfunction. In some cases, the
vegetation leads to the

initial degradation

proliferation of Acrosthicum aureum, Nypa
fruticans, and associated species such as Hibiscus
tiliaceus or Phoenix reclinata when the environment

is favourable.

The mangroves of the Sanaga River primarily house
fishing camps, and the various fishing-related
activities impact the ecosystem's evolution. The
accumulation and interaction of impacts from
exploitation systems with divergent rationalities may
exacerbate risks. This is especially concerning given
the combination of various anthropogenic activities
and climate change, which have a significant impact
on the ecosystem (Alongi, 2015; Wilson, 2017; Bryan-
Brown et al., 2020). The purpose of this work is to
evaluate the impact of logging on the evolution of
mangrove vegetation in the Sanaga river estuary, in
order to prepare a management plan for the Douala-
Edea National Park.

Material and methods

Study area

This study was conducted in the mangroves of the
Douala-Edea National Park, which is located between
3°14' and 3°50' north latitude and 9°34' to 10°03' east
longitude. The study focused on six fishing camps
(Bolondo, Mbiako, Youme I, Youme II, Yoyo I and
Yoyo II) in the Mouanko District (Fig. 1).

Fig. 1. Location of study area adapted from (Ajonina

and Chuyong, 2011)

The area experiences abundant rainfall, with annual
precipitation ranging from 3000 to 4000 mm. The

months of December and January are relatively dry,
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with less than 50 mm of rainfall. Monthly
temperatures in the area range from 24°C to 29°C
year-round (Ajonina and Chuyong, 2011). Mangroves
grow in loose, muddy, and sandy-loamy substrate.
The locality is watered by two main rivers (Sanaga
and Kwakwa) and an arm of the Atlantic Ocean. The
tide follows a semidiurnal pattern, with high tides

reaching a height of about 2 meters.

Fishing is the dominant and most practiced activity in

the area. Agricultural activities and house
construction have a limited impact. Logging practices
vary by location, and the collected wood is primarily

used for cooking and smoking fish.

Data collection

Field data was collected during different campaigns at
low tide. At each site, a one-meter wide transect was
opened perpendicular to the main tidal channels.
Plots of 25m x 25m with a 20m interlude were
established on both sides of each transect, and an
inventory of all plant species within these plots was
conducted. Trees with a circumference greater than
15cm were measured for height and circumference,
while the number of stumps and their circumference
were recorded. Circumference measurements were
taken for the genus Rhizophora at 30 cm above stilt
roots (Kauffman and Donato, 2012) and for other
species at 1.30 m from the ground. A 150 cm tape
measure or a decametre was used if the circumference
of the tree was greater than 150 cm. Tree heights were
measured using a Suunto brand clinometer (Essome-

Koum et al., 2017).

Data analysis

Identification of plants

The number and biological type of each species were
noted. All species identified in the sampled plots have
been classified into two categories: characteristic

species and associated species (Tomlinson, 1986).

Structural parameters
The diameters of trees and stumps were calculated
from field data using classical formulas D=C/m.

Analysis of the vegetation was based on the following

biological growth indices (Cintron and Novelli, 1984):
number of individuals (Ni), abundance (A), density
(D), and basal area (BA).

Diversity

The study sites' diversity was expressed through three
indices: the Margalef specific richness index (Mg), the
Shannon-Weaver specific diversity index (H'"), and the
Pielou index (J) (Ludwig and Reynolds, 1988). These
ecological community indices were calculated using

PAST software version 2011.3.05.

Impact assessment

To characterise the impact of logging, four situations
were considered. It is important to note that these
factors were considered in order to characterise the
impact of logging and not to make any subjective
evaluations.

Firstly, the ratio (R) of the number of stumps to trees
was used to determine the intensity of logging.
Secondly, the density of Acrostichum aureum (DA)
clumps was used to assess the dominance of A.
aureum in different sites.

Thirdly, the density of Nypa fruticans stems (DN)
was used to determine the level of invasion of the
environment by this species.

The aim of this study was to determine the impact of
logging activities on the environment, specifically on
the development of species other than true mangrove
species. To achieve this, the number (N) of associated
species was recorded.

Depending on the local situation, each variable was
scored from o0 to 5, with scores based on the
percentage:

<10 = 0 was considered Negligible

10 - 20= 1 was considered Very low

20 - 30= 2 was considered Low

30 - 40 = 3 was considered Moderate

40 -50= 4 was considered High

> 50 = 5 was considered Very high

For the fourth variable, which is the number of
associated species, the scores are given as follows

0 = No associated species

1 = Very low (Presence of one associated species)

2 = Low (Presence of two associated species)
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3 = Moderate (Presence of three associated species)
4 = High (Four associated species present)
5 = Very high (Presence of more than four associated

species)

The Anthropogenic Disturbance Index (ADI) for each
site was determined by calculating the sum of scores
for several variables, including the presence of more
than four associated species, according to Blanco-
Libreros and Estrada-Urrea's (2015) method. The
values of each variable were then calculated and
summarised:

ADI=R+DA+DN+N

The Anthropogenic Disturbance Index (ADI) ranges
from o0 to 20, indicating the level of degradation of the
mangrove. The assessment includes three levels: low,
moderate, and high, based on the ADI value at each
site.

A value of 0 < ADI < 6 indicates low degradation,

6 < ADI < 12 indicates moderate degradation

ADI > 12 indicates high degradation.

Statistical analysis

A grouping analysis was performed to determine the
degree of similarity (Bray-Curtis) between sites based
on their floristic composition using PAST software
version 2011.3.05. Cluster analysis ranks the total
composition of the community in the six mangrove
sites. The dendrogram shows connections between
classes and the level of similarity. The Wilcoxon test
made it possible to compare the structural parameters

between the different sites.

Results

Floristic composition and distribution

Nine genera, comprising a total of eleven (11) species,
have been identified and classified into seven (07)
families (Table 1). Of these, one species was
herbaceous (Acrostichum aureum), two (02) were
palms (Nypa fruticans, Phoenix reclinata), five (05)
were trees (Avicennia germinans, Laguncularia
racemosa, Rhizophora harrisonii, Rhizophora
mangle, Rhizophora racemosa), and the remaining

three (03) were shrubs (Dalbergia ecastaphyllum,

Drepanocarpus lunatus, Hibiscus tiliaceus). The
Rhizophoraceae family was the most represented with
03 species of Rhizophora, followed by the Arecaceae
and Fabaceae families, each with two species. Finally,
four families consisted of a

single species

(Acanthaceae, Combretaceae, Malvaceae,
Pteridaceae). Rhizophora harrisonii and R. racemosa
were present in all surveyed localities. Additionally,
Laguncularia racemosa, Phoenix reclinata, and
Rhizophora mangle were only present in Yoyo II,
Mbiako, and Bolondo respectively. Out of the eleven
recorded species, Mbiako had the highest number
with 09, followed by Yoyo II with 08 species, Bolondo
with 06 species, Youme II with 05 species, and the
lowest number of 04 species was observed in Youme I

and Yoyo 1.

Bolondo Mbiako Youmel| Youmell Yoyol Yoyo Il

Individuals per hectare

- N w o ()] (2] ~

o o o o o o o
o o o o o o o o

Localities

Fig. 2. Tree’s abundance in different localities

Structural parameters of trees

The abundance at the sites showed significant
variation (t = 2.2014; p = 0.0312). Youme II had the
highest mean abundance (656 = 90.5 ind. haw?),
followed by Yoyo II (632 + 33.9 ind. ha), Mbiako
(536 + 56.6 Ind. ha), Yoyo I (520 + 56.6 ind. ha),
Bolondo (480 +. 22.6 ind. ha), and finally Youme I
(400 % 67.9 ind. ha) with the lowest abundance (Fig. 2).

Table 2 shows the variation of structural parameters
across different sites. The minimum height was
lowest in Youme II (2.5 m) and highest (27 m) in
three localities (Bolondo, Youme II, Yoyo I). The
mean height was highest in Yoyo I (17.4 £ 0.8 m),
followed by Bolondo (14.2 + 2.7 m), Yoyo II (7.3 + 1.4
m), Mbiako (6.7 + 1 m), Youme I (6.8 + 0.6 m), and
Youme II (4.7 + 0.4 m).
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Table 1. Distribution of species in the different sites. N = Number of individuals; D = density (%)

Species Family Life Localities

form Bolondo Mbiako YoumeI YoumelIl  YoyolI  YoyolIl

N D N D N D N D N D N D

Acrostichum
aureum Linn.
Avicennia
germinans Acanthaceae Tree 21 288 10 8.3 9 10.6 2 07 7 58 1 0.7
(Linn.) Stearn

Dalbergia

ecastaphyllum Fabaceae Shrub o o) 9 7.4 o) o) 0 o) o) o) 11 8.3
Taub.

Drepanocarpus

lunatus G.F.  Fabaceae Shrub o o) 3 2.5 o) o) o) o) o) o) 6 4.5
Meyer
Hibiscus
tiliaceus Linn.
Laguncularia
racemosa Combretaceae Tree o0 (o} (o} 0 0 0 0 0 (o} 0 4 3.0
Gaertn.

Nypa fruticans

(Thurnb.) Arecaceae Palm 7 9.6 7 5.8 0 0 180 60.6 57 46.7 o0 0
Wurmb
Phoenix
reclinata Jacq.
Rhizophora
harrisonii Rhizophoraceae Tree 10 137 22 182 16 188 34 114 21 17.2 26 19.5
Leechman
Rhizophora
mangle Linn.
Rhizophora
racemosa Rhizophoraceae Tree 23 315 35 28.9 25 294 46 155 37 30.3 48 36.1
Meyer

Total 73 100 121 100 85 100 297 100 122 100 133 100

Pteridaceae Herb 6 8.2 27 223 35 412 35 11.8 O 0O 32 241

Malvaceae Shrub o 0] 6 50 O 0 0 0] 0] 0] 5 3.8

Arecaceae Palm o o) 2 1.7 o) o) 0 o) o) o) o o

Rhizophoraceae Tree 6 8.2 0] o] 0] 0] 0 0 0] 0] o o

Table 2. Structure parameters measurements in the studied localities

Parameters - Localities
Bolondo Mbiako  YoumeI  Youme II Yoyo I Yoyo II
Min 3 2,8 2,8 2,5 4 3,2
Height (m) Max 27 22 23 27 27 25
Mean 14,2 + 2,7 6,7+1 6,8+0,6 4,7+0,4 17,4 + 0,6 7,4 + 1,4
Min 5,2 5 4,8 4,8 5,5 4,8
Diameter (cm) Max 92,4 58,9 63,7 64,6 48,4 47,8
Mean 18,8 + 3,4 12,2+ 2 11,4 04 7,7 £ 1,4 22,3 +4,2 11,4 + 2,2
Mean basal area (m2ha-) 14,9+ 6,1 6,5+2,7 4,1+0,7 3,2 +1,3 21,1 + 10 6,6 +2,8

Table 3. Diversity indices of the different sites. NS = Number of species; NI = Number of individuals; Mg =

Species richness index of Margalef; H = Shannon-Weaver index; A = Simpson index; J = Pielou index.

Localities NS NI Diversity indices
Mg H A J

Bolondo 6 73 117 1.63 0.22 0.91
Mbiako 9 121 1.67 1.88 0.19 0.85
Youme I 4 85 0.68 1.28 0.30 0.92
Youme II 5 297 0.70 1,13 0.42 0.70
Yoyo I 4 122 0.62 1.19 0.34 0.85
Yoyo 11 8 133 1.42 1.64 0.24 0.79

The diameter of the trees ranged from 4.8 cm to 92.4 The mean diameter was smallest in Youme II (7.7 +
cm. The tree diameters ranged from 92.4 cm in 1.1 cm) and largest in Yoyo I (22.3 + 4.2 cm). In Yoyo
Bolondo to 4.8 cm in Youme I, Youme II and Yoyo II. II, Youme I, Mbiako, and Bolondo, the mean
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diameters were 11.3 + 2.2 ¢cm, 11.4 + 0.1 ¢cm, 12.2 + 2
cm, and 18.8 + 3.4 cm, respectively. The mean basal
area for trees in different sites was measured. Youme
II had the smallest mean basal area of 3.2 + 1.3 m2ha-
1 while Yoyo I had the largest covered area of 21.1 +
10 m2ha. Bolondo had a mean basal area of 14.9 +
6.1 m2ha?, followed by Yoyo II (6.6 + 2.8 m2ha),
Mbiako (6.5 + 2.7 m2ha), and Youme I (4.1 + 0.7

m2ha-).

mC1(5sD<10)
=C2(10= D <20)
C3(20 =D <30)
C4(30=< D <40)
mC5(40= D < 50)
=C6 (D 2 50)

Number of individuals

1”I| I ||
o M . D L R W

Bolondo Mbiako Youme | Youme Il Yoyo | Yoyo Il
Localities

Fig. 3. Distribution of diameter classes in the site

Youme |
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Youme
biako

Yoyo!
Yoyoll

0.95
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!

Similarité de Bray-Curtis

0.70+

0.65

0.60

Fig. 4. Dendrogram showing the similarity between
study sites

m Avicenia germinans

Bolondo Mbiako

m Rhizophora spp

Number of stumps
5 o

o

o

Youme | Youme Il Yoyo | Yoyo Il
Localities

Fig. 5. Number of stumps per species and per site

The distribution of diameter classes across the
various sites was irregular, as shown in Fig. 3. Not all
diameter classes were represented, with only Bolondo
and Mbiako having all diameter classes. Bolondo and
Yoyo I exhibited a bell-shaped structure. In Bolondo

and Yoyo I, Class 2 (10 < D <20 cm) and Class 3 (20 <

D < 30 cm) had the highest number of individuals,
with 24 and 27 individuals respectively. The Mbiako,
Youme I, Youme II, and Yoyo II sites had an L-shaped
distribution and were dominated by individuals of
class 1. At Youme II, three diameter classes were
identified.

Mangrove diversity assessment

The studied mangrove stands have a relatively low
species richness overall. The Shannon-Weaver index
(H") had values below 2, ranging from 1.13 to 1.88.
The Margalef species richness index (Mg) ranged
from 0.62 to 1.67, while the Simpson dominance
index ranged from 0.19 to 0.42, with the highest value
found in Youme II. The Pielou index (J) was generally
high, ranging from 0.7 in Youme II to 0.92 in Youme I
(Table 3).

The cluster analysis in Fig. 4 shows a clear separation
of the study sites into groups with similar species
composition and number of individuals. The
dendrogram identifies two main groups: group 1
includes Bolondo, Youme I, Youme II, and Yoyo I
with a similarity of over 65%, while group 2 includes
Mbiako and Yoyo II with a similarity of 80%. At a
higher level of separation, the analysis showed that
the floristic composition and number of individuals
were very similar between Bolondo and Youme I, as

well as between Youme II and Yoyo I in group 1.

Impact of logging activities

The number of stumps varied across the different
sites. The highest number of stumps was found in
Yoyo I (28 stumps), followed by Bolondo (16 stumps),
Youme II (15 stumps), Mbiako (8 stumps), and Yoyo
II (7 stumps). However, there were no stumps in
Youme I. The species of the genus Rhizophara had
the most stumps. Rhizophora stumps were present in
all sites where stumps were found, except for the sites
of Bolondo and Mbiako, which also had stumps of

Avicennia germinans (Fig. 5).

The stumps obtained were classified into six diameter
classes. Interestingly, the fifth class (40 < D < 50 cm)

had no individuals. The highest number of individuals
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were found in class 2 (10 < D < 20 c¢m) in Mbiako,
Youme II, Yoyo I and Yoyo II. Bolondo was the only
site where the sixth diameter class (D > 50 cm) was
present, and this site was dominated by stumps of the

first diameter class (D < 10 cm) (Fig. 6).

mIY

Bolondo Mbiako Youme |Youme Il Yoyo | Yoyoll
Localities

W
o

N
a

N
=}

=C6 (D 2 50)
mC5 (40 <D < 50)
C4 (305 D <40)
C3(20= D <30)
mC2(10<D <20)
uC1(D<10)

Number of stumps
s @

Fig. 6. Stump diameter distribution per site

When

categorical variables, stumps were found to be more

assessing degradation among different
prevalent at Yoyo I. The Youme I site was dominated
by clumps of A. aureum, while Nypa fruticans was
more prevalent at Youme II and Yoyo I. In terms of
associated species, Mbiako had the highest number of
species. The evaluation of mangrove degradation,
based on variable scores affected by logging, revealed
that among the six sampled sites, the Anthropogenic
Disturbance Index (ADI) was higher at Yoyo I (8) and
lower at Youme I (4), depending on the extent of
damage. This index enabled the identification of three
(03) slightly degraded sites (Bolondo, Youme I and
Yoyo II) and three (03) moderately degraded sites
(Mbiako, Youme II and Yoyo I) (Table 4).

Table 4. Assessment of the level of degradation of the various sites. R = Ratio of stump number to tree (%); DA =
Density of A. aureum (%); DN= Density of N. fruticans (%); N’ = Number of associated species; ADI =

Anthropogenic Disturbance Index

Parameters Localities
Bolondo Mbiako Youme I Youme II Yoyo I Yoyo II

Ratio of stump to tree (%) 26,7 11,9 0 18,3 43,1 8,9
Density of A. aureum (%) 8,2 22,3 41,2 11,8 0 24,1
Density of N. fruticans (%) 9,6 5,8 0 60,6 46,7 0
Number of associated species 0] 4 0] o] 0] 3

R 2 1 (o} 1 4 0

DA (o} 2 4 1 (o} 2
Variables DN o) o) o) 5 4 0

N 0 4 0 o] o] 3

ADI 5 7 4 7 8 5
Degradation level Low Moderate Low Moderate Moderate Low
Discussion and growth of other species. In sites with more

The inventory conducted in the plots enabled the
identification of seven characteristic species and four
associated species, as reported by numerous authors
for the mangroves of Cameroon (Nfotabong-Atheull
et al., 2013; Essome-Koum et al., 2017; Emane et al.,
2021). The characteristic species were Acrostichum
aureum, Avicennia germinans, Laguncularia
racemosa, Nypa fruticans, Rhizophora harrisontii,
Rhizophora mangle, and Rhizophora racemosa. The
associated species recorded were not specified. The
plant species found in the studied areas Dalbergia
ecastaphyllum, Drepanocarpus lunatus, Hibiscus

tiliaceus and Phoenix reclinata.

At Youme II and Yoyo I, Nypa fruticans was the

dominant species, which prevented the establishment

Acrostichum aureum clumps, such as Mbiako and
Yoyo II, several accompanying species were present.
It is important to note that the dominance of N.
fruticans in some areas may have contributed to the
lack of diversity in plant species. However, the
presence of Acrostichum aureum is associated with
environmental degradation and may promote the
growth of non-mangrove species.

Abundance generally expresses the average
competition in the stand (Favrichon et al., 1998). It is
an important variable used to assess the maturity of
the vegetation. In this study, abundance ranged from
400 * 67.9 to 656 + 90.5 ind. ha*. With the exception
of Bolondo and Yoyo I, where the vegetation appeared

to be mature, the other sites studied had vegetation
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consisting mainly of young individuals, although the
level of degradation is low or moderate. The
differences in abundance observed in the mangrove
areas of the Sanaga estuary are a result of human
activities. The exploitation of mangrove resources,

especially wood, hinders the growth of large trees.

Abundances obtained in the Sanaga estuary fell
within the range frequently found in Cameroon
mangroves, including the Rio del Rey estuary
(Essomeé-Koum et al., 2017) and some mangroves of
the Cameroon estuary (Emane et al., 2021), where
abundances ranged from 225 to 1536 ind. ha™.
However, Darmarini et al. (2022) reported that the
total abundance of mangrove trees on the Lubuk
Damar coast of Indonesia ranged from 10 to 225 ind.
ha.

The basal areas in this study ranged from 3.2 + 1.3 to
21.1 + 10 m2ha?' and varied between sites. The
variability of these basal areas could be attributed to
the structure of the vegetation. Not all species exhibit
the same growth pattern. Low basal areas correspond
to young or juvenile stands, while high basal areas
suggest a mature stand (Ondo, 2006; Essome-Koum
et al., 2017; Emaneé et al., 2021). The sites Youme I,
Youme II, Yoyo II, and Mbiako, which are composed
of young individuals, have smaller basal areas
compared to the Bolondo and Yoyo I sites, which
consist of more mature vegetation. According to
Ndema-Nsombo et al. (2015), the mangroves in the
Rio del Rey estuary have low basal area values
ranging from 0.38 m2ha to 1.48 m2ha. However,
the basal areas in this study are similar to those
obtained by Sreelekshm et al. (2018), who recorded
the highest basal area of 20.19 m2ha? in the

mangroves of the southwestern Indian coast.

The distribution of diameter classes was non-uniform
across all sites, with some classes missing. Notably,
larger classes did not always have fewer individuals
than smaller classes, as seen in Yoyo I where the third
diameter class (20 < D < 30 cm) had more individuals
than the first two classes. With the exception of
Bolondo and Yoyo I, the sites studied had trees of

small diameter and low height. Only Mbiako

exhibited an L-shaped normal distribution. The
distribution of diameter classes in the mangroves of
the Sanaga River reflects a forest that has been
disturbed. It is believed that this disturbance is linked
to the various activities carried out by the local
population.

crucial parameter for

Species diversity is a

determining the ecological characteristics of
mangroves, forest stands, and the level of succession
or stability of a community. Mangrove forests with
high diversity tend to exhibit greater community
stability than those with low diversity (Setiawann,
2019). The diversity of mangroves in the Sanaga
estuary remains relatively low. Margalef's species
richness indices range from 0.62 to 1.67, and
Shannon-Weaver's diversity index ranges from 1.13 to
1.88, confirming the low diversity of African Atlantic
mangroves, as pointed out by Din and Baltzer (2008).
This could be linked to a definition that does not
allow for an objective analysis of the evolution of the

flora in all regions.

Logging activities were effective in all sites based on
stump numbers, with accentuated effectiveness in
Yoyo I. Timber exploitation involved all diameter
classes. Wood was used for various purposes,
including timber, fish smoking, poles, fences for
dugout canoes, and gardening, as reported by several
authors (Solly et al., 2018; Findi and Wantim, 2022).
The distribution of trees is likely a consequence of
logging, although the ADI has two levels of
degradation (low and moderate). Regular logging
does not allow for the development of large trees, as is
the case at the Mbiako, Youme II, and Yoyo II sites,

where most trees are small and have small diameters.

With the exception of Bolondo, the other sites studied
are dominated by Acrostichum aureum or Nypa
fruticans. The Mbiako and Yoyo II sites, where A.
aureum is partially dominant, are composed of
associated species whose development seems to be
linked to the presence of this fern following the
degradation of the environment. Logging activities in

mangroves can increase floristic diversity by
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promoting the establishment and development of
associated species, but this can come at the expense of

true mangrove species.

Conclusion

The Sanaga estuary mangroves exhibit low diversity,
with only eleven species and seven characteristic
ones. Rhizophora racemosa is the most dominant
species. Excessive logging has impacted the diversity
of these mangroves, as the wood was used for
smoking fish and construction. The sites that have
disturbed

environment, with small trees and clumps of

been exploited generally have a

Acrostichum aureum, as well as many associated
species. Logging has caused degradation of the
environment, which has led to the development of A.
aureum and a senescence phase of the mangrove,
characterized by the relative abundance of associated

species.
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