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Abstract

Ecological restoration is considered like the practical and sustainable management option for degraded mangroves.
The ecological status of reforested mangrove areas (RMAs) in Douala-Edea National Park (DENP) is not well
understood, despite extensive restoration projects. This study aims to estimate standing biomass and litterfall
production in three RMAs located in Bolondo and Yoyo II. In each RMA and it natural vegetation, five 10m x 10m
permanent sampling plots (PSPs) were established. Thirty PSPs were established equally in RMAs and natural
vegetation. Height and diameter measurements were recorded, and allometric equations were used to estimate
above-ground biomass (AGB) and below-ground biomass (BGB). In addition, 150 litter traps (1m x 1m) were evenly
distributed across the PSPs to collect monthly litterfall, which was dried, sorted, and weighed. Mean abundances,
diameters, and heights were: 4000+200 ind./ha, 1.2+0.5 cm, and 1.8+0.3 m; 3280+238.74 ind./ha, 2.58+0.85 cm,
and 5.64+1.87 m; 2160+240.83 ind./ha, 2.93+1.4 cm, and 3.34+1.26 m for 3-year, 6-year and 11-year RMAs
respectively. AGB, BGB, and annual litterfall biomass were: 11.98+0.76 kg/ha, 13.88+1.3 kg/ha, and 40.78+7.42
g/m?2/year for 3-year RMAs; 61.18+2.16 kg/ha, 55.19+1.92 kg/ha, and 397.75+75.79 g/m2/year for 6-year RMAs;
and 55.25+2.93 kg/ha, 47.8+1.31 kg/ha, and 576.23+106.75 g/m2/year for 11-year RMAs, respectively. These values
correspond to approximately 12.31+2.19, 52.08+1.6, and 46.26+1.1 kgC/ha of total carbon sink and 18.27+3.48,
179.09+4.44, and 259.3+8.89 kgC/ha/year of total annual litterfall carbon sink. Although 6-year RMAs showed
higher AGB and BGB than natural vegetation, the values remained lower overall. In contrast, 11-year RMAs

exhibited higher annual litterfall production, indicating progress towards ecological balance.

*Corresponding Author: Ndongo Din P4 din.ndongo@yahoo.com
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Introduction

Globally, mangroves cover an area of 137,000 km2
(Spalding and Leal, 2021). These tropical coastal
forest ecosystems are renowned for their high
biomass productivity and carbon sequestration
capacity (Alongi, 2011; Chowdhury et al., 2023). On
average, a minimally disturbed mangrove sequesters
1087+584 MgC/ha (Sasmito et al., 2020). The
conservation of mangroves is crucial for the well-
being of local human communities and the fight
against global warming (Din et al., 2016; Kathiresan

et al., 2021).

However, mangroves are under threat from both
natural and human-induced pressures, leading to a
reduction in vegetation cover (Golberg et al., 2020;
Emane et al., 2021). Between 1996 and 2016, the rate
of deforestation of mangroves was estimated at 4.3 %
(Spalding and Leal, 2021). During the period of 2000-
2012, almost 1646 km?2 of the world's mangrove area
disappeared. Along its western Atlantic coast,
Cameroon has 1113 km2 of mangroves (Hamilton and
Casey, 2016). Over the last two decades, these
mangroves have been subject to increased
anthropisation, which has led to a considerable
decrease in vegetation cover (Din et al.,, 2017). The
mangroves in Douala-Edea National Park (DENP) are
also affected by this issue. According to Ajonina and
Usongo (2001), the annual regression rate of these
mangroves was estimated to be 53 ha before 2000.
Similarly, Findi and Wantim (2022) observed a
regression rate of 58.38 % between 2011 and 2015
using satellite image analysis. For at least three
decades, these mangroves have been the primary
source of firewood used for smoking fish in various
fishing camps and surrounding households (Ajonina,

2008).

In response to this ecological disaster, various options
for mangrove conservation have been implemented
worldwide, including restoration. = Mangrove
restoration refers to a set of human actions aimed at
re-establishing ecological processes that accelerate
the recovery of forest

structure, ecological

functioning, and biodiversity to levels typical of

climax forest (Elliott et al., 2013). According to
Worthington and Spalding (2018), over 190,147 km?2
of mangroves were restored globally by 2018. In
Central Africa, Ajonina et al. (2016) reported that
over 500 ha of degraded mangroves were reforested
before 2017. Reforestation of degraded mangroves in
Cameroon officially began in 2009 and continues to
this day. In 2023, Planete-Urgence’s NGO
implemented the planting of 40,000 seedlings in the
mangroves of Bolondo fishing camp village located in
DENP, with the involvement of governmental
organizations and other partners (Planete-Urgence,
2023).

Mangrove restoration projects face numerous
obstacles worldwide, often resulting in partial or
complete failure (Lopez-Portillo et al., 2017;
Worthington and Spalding, 2018; Ellison et al., 2020;
Lhosupasirirat et al., 2023). These failures not only
cause ecological damage but also result in significant
financial losses, with the average cost of restoring one
hectare in Central Africa estimated at US$ 3200
(Ajonina et al., 2016). Lee et al. (2019) identified the
absence of a comprehensive database for monitoring
and assessment restoration projects as a major

obstacle to mangrove restoration efforts.

There is a lack of information on the structure and
functioning of restored mangrove areas along the
African Atlantic coast (Zabbey and Tanee, 2016). To
our knowledge, in Cameroon, there is only one
specific study on mangrove restoration which is
limited to determining the main abiotic factors that
influence the growth of seedlings in nurseries
(Boubakary et al., 2019). No published scientific
study has yet been conducted on the monitoring and
assessment of standing biomass and litterfall
production of reforested mangrove areas in the
DENP. However,

reforested areas would be crucial for safeguarding

quantifying the biomass of

mangroves in the DENP and for improving climate
change mitigation strategies (Malik et al., 2020).
Furthermore, it is essential to incorporate the
monitoring of objectively verifiable indicators of

ecosystem functioning, such as litterfall production
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into any restoration project (Dahdouh-Guebas and
Cannicci, 2021). To contribute improvement of
mangrove restoration projects in DENP, this study
aims to assess the impact of mangrove reforestation
through the estimation of both standing biomass
carbon stock and litterfall production of three
reforested mangrove areas with reference to their

respective adjacent good natural stands.

Materials and methods

Study site

The study site is located in the mangrove areas of the
Douala-Edea National Park (DENP), which lies
between latitudes 3°14’ N-3°50’ N and longitudes
9°34’ E-10°03’ E. Mangroves occupy 39202.2 ha of
the DENP, or 14.91% of its surface, and belong to
mangroves of the Cameroon Estuary (Fig. 1). The
research was conducted in the mangrove areas
adjacent to two fishing camps (Bolondo and Yoyo II)
in the Mouanko district (Fig. 1). The climate is
equatorial and belongs to the Cameroonian domain.
It is characterised by a short dry season (December to
February) and a long rainy season (March to
November with peak rainfall in September). The
annual mean temperature is around 26.7°C (Ngo-
Massou et al., 2016). Additionally, the tide follows a
semi-diurnal pattern. Five characteristic mangrove
species (Avicennia germinans (Linn.) Stearn, Nypa
fruticans (Thurnb.) Wurmb, Rhizophora harrisonii
Leechman,

Rhizophora mangle Linn. and

Rhizophora racemosa Meyer) are abundant,

associated with two other species (Ficus sp. and

Raphia sp.) (Ajonina, 2008).

Fig. 1. Location of studied sites (Modified from

Ajonina and Chuyong, 2011).

Data collection

Study design

Data were collected in three reforested mangrove
areas (RMAs) of different ages in two fishing camp
village: Bolondo (one RMA of 6 years old) and Yoyo 2
(one RMA of 3 years old and other of 11 years old). In
each RMAs, 5 Permanents Sampled Plots (PSPs) of
100 m2 (10 m x 10 m) were installed. In addition, 5
PSPs were established in the natural vegetation
adjacent to each RMA to serve as a reference. A total
of 30 PPEs were installed, 15 in the three reforested
areas and 15 in the adjacent natural vegetation. The
reference sites were chosen based on the studies
conducted by both Bosire et al. (2006) and
Wang'ondu et al. (2014) in the Gazi Bay of Kenya,
Ferreira et al. (2015) in Jaguaribe River in Brazil,
Pradisty et al. (2022) in the Perancak River in

Indonesia.

Measurements

All fieldwork was conducted during low tide. In each
PSP, plant species were inventoried and height was
determined either by using a graduated stick or a
Suunto PM-5360-degree clinometer. Diameter at
breast height (DBH) was measured using a Vernier
caliper for young trees and a forestry diameter tape

for older trees.

Litterfall collection

Litterfall refers to all organic debris from plants that
decompose on the surface of the ground. To estimate
litterfall production, five litter traps of 1 m2 (1 m x 1
m) were installed in each PSP (Pradisty et al., 2022)
(Table 1). The traps were made using polyester sieves
with a pore size of 0.5 mm and they were set up to
collect as much litterfall as possible from each PSPs.
Two installation methods were used in the field
depending on the average height of the individuals:
(1) for the 5 PSPs in which the height of individuals
was less than 3 m, traps were suspended by stakes at
an average height of 1.5 m from the ground (Fig. 2A);
(2) for the other 25 PSPs in which the height of
individuals was more than 3 m, the five litter traps

were suspended on branches of the trees (Fig. 2B).
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Table 1. Main information about PSP and litter traps
Site Sampled Vegetation  Area (ha) Initial theorical density of Age Number Number of
area type reforested mangroves of vegetation of PSP litter traps
(individuals/ha) (in years)
Bolondo Bol-Plant1 Reforested 0.6 3333 6 5 25
Bol-Nat1  Natural ND - ND 5 25
Yoyo II Yoy-Plant1 Reforested 1 2500 11 5 25
Yoy-Nat1 Natural ND - ND 5 25
Yoy-Plant2 Reforested 2 4444 3 5 25
Yoy-Nat2 Natural ND - ND 5 25
Totals 6 2 - - - 30 150

Bol: refers to the name of the Bolondo study location; Nat: indicates natural stands; ND: Not Determined; Plant:

indicates reforested stands; Yoy: refers to the name of Yoyo II study location.

Fig. 2. Installation of litter traps in PSPs: A. for
individuals less than 3 m high (traps indicated by

arrows); B. for individuals more than 3 m high

Fig. 3. Litterfall treatments: A. Collection of samples

in the field, B. Oven drying, C. Twigs weighing, D.

Flowers weighing

The collection was conducted monthly for a period of

12 months, from October 2020 to September 2021.

Biological samples were collected, labelled, and stored
in plastic zip bags before being transported to the
The samples were then
in A4 paper labelled

accordingly, and oven-dried at 70°C until a constant

laboratory (Fig. 3A).

repackaged envelopes,

mass was achieved (Fig. 3B). The average drying time
was 72 hours. The plant parts were dried and sorted
into flowers, leaves, twigs, and seed-fruits. They were
then weighed using a Zhi Heng Digital Jewelry Scale,
model ZH-8256, to the nearest 0.01 g (Fig. 3C-D).

Data analysis

Vegetation structure

The study utilized data from plant species inventories
and individual measurements to calculate several
vegetation indices in accordance with (Kauffman and
Donato, 2012). These indices include Abundance (A),
Densities (D), basal area of woody species i (STi),
average diameter (dm), average height (Hm), and
Complexity Index (CI). To compare the vegetation
structure, individual diameters and heights were
divided into 5 classes. The diameter classes were (in
cm): <3, [3-5[, [5-7[, [7-10[and >10 while the height
classes were (in m): <3, [3-5[, [5-7[, [7-10[and >10.

Estimation of standing biomass and carbon stock of
reforested mangrove areas

In Permanent Sampling Plots (PSPs), three biomass
compartments estimated:
biomass (AGB), below-ground biomass (BGB), and

litterfall production (refer to section 1.2.2). The

were above-ground

standing biomass value was calculated as the sum of

above-ground and below-ground biomass

(Kamruzzaman et al., 2017).
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Allometric equations

AGB and BGB rates of each individual PSP were
estimated using the following specific allometric
equations:

AGB (Fromard et al., 1998):

A. germinans: AGB = 0.14(DBH)24;

Rizhophora spp.: AGB = 0.1282(DBH)2%;

BGB (Komiyama et al., 2008):

General equation: BGB = 0.199xp©-899 (DBH222), p:
For A.
germinans: pA: 0.661 g/cms3; for Rhizophora spp.: pR

wood density of considered species.

=0.883 g/cms.

The selected allometric equations were based on the
diameter ranges of the sampled individuals in
reforested areas, which are similar to those used for
their design. To estimate biomass per hectare, the
PSP-derived values were extrapolated. Carbon stocks
for above-ground, below-ground, and litterfall were
estimated by multiplying AGB, BGB, and litterfall
production by their respective carbon concentration
coefficients: 0.5, 0.39, and 0.45, as outlined by

Kauffman and Donato (2012).

Statistical analysis

Statistical tests, including ANOVA and t-tests, were
conducted to compare parameter values between
(RMAs) and their

natural

reforested mangrove areas

corresponding  adjacent vegetation.
Descriptive statistics and significance tests were
performed using the 'R Commander' package of R
software version 4.1.3. Histograms and biomass
variation curves were generated using Excel 2013.
The study considered RMAs of various ages and their
corresponding adjacent natural vegetation in the form
of treatments, with their PSPs considered as

replicates.

Results and discussion

Status of vegetation of RMA

Composition plant species and density

In the sampled areas, a total of three species from two
genera and two families were identified. Two species

of the Rhizophoraceae family, Rhizophora mangle L.

and Rhizophora racemosa Meyer, were found in the
Reforested Mangrove Areas (RMAs), while Avicennia
germinans (L.) Stern (Acanthaceae) and R. racemosa
were identified in the adjacent natural vegetation. All
sampled areas, except for Bol-Nati, were
monospecific. The study found that the abundances of
RMAs were 4000+200 ind./ha, 3280+238.74 ind./ha
and 2160+240.83 ind./ha for the 3-year, 6-year and
11-year mangrove stands respectively. These
abundances showed a negative trend with respect to
the ages of vegetation, mean diameters, mean heights
and complexity indices (Table 2). This trend could be
explained by a progressive increase in competition
between individuals for environmental resources,
which would lead to a reduction in woody individual
abundance over time. The abundance of RMAs
decreases with the age of vegetation in the Gazi Bay in
Kenya and in the Rufiji Delta in Tanzania, as observed

by Kairo et al. (2008) and Monga et al. (2022).

Distribution of diameters and heights

The mean diameters of individuals were 1.20+0.5 cm,
2.58+0.85 cm, and 2.93+1.4 cm for RMAs aged 3
years (Yoy-Plant2), 6 years (Bol-Plant1), and 11 years
(Yoy-Plant1), respectively (Table 2). The Student's
statistical test showed no significant difference
between the diameters of individuals in the RMAs
Bol-Plant1 and Yoy-Plant1 (Table 2). The majority of
individuals in the RMAs were concentrated in the <3
cm class (Yoy-Plant2 (100%), Bol-Plant1 (63.63%),
and Yoy-Plant1 (59.09%)) (Fig. 4). Concerning the
higher extremity, only individuals from adjacent good
natural stands had representatives in last two

intervals.

The heights of individuals in Yoy-Plant2, Bol-Planti,
and Yoy-Plant1 were 1.840.3 m, 5.64+1.87 m, and
3.34 £1.26) m, respectively (Table 2). The Student's t-
test did not reveal any significant difference between
the heights of individuals in the RMAs Bol-Plant1 and
Yoy-Plant1. The distribution of height classes shows
that the individuals of RMAs had heights below 10 m

(Fig. 5).
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Fig. 5. Distribution of height classes

On average, individuals from the adjacent natural
stands were taller than those from the corresponding
RMAs (Table 2). This is likely due to the older age of
the adjacent vegetation compared to the reforested
vegetation. Notably, the average height of individuals
in the 6-year-old RMA (Bol-Plant1: 5.64+1.87 m) was
greater than that of the 11-year-old RMA (Yoy-Plantz:
3.34+1.26 m). The results obtained in this study differ
from previous ones, which could be due to the use of
different plant species for reforestation at the two
sites. The mean height and diameter of individuals in
the 3-year-old RMA are similar to those found in a 3-
year-old R. racemosa RMA in Kono Creek, Nigeria

(Zabbey and Tanee, 2016).

The increase in height and diameter of individuals of
the same species is correlated and is a function of the
RMA's age. The finding is comparable to the seedling
growth in Perancak estuary in Bali, Indonesia
(Pradisty et al., 2022). In the same RMA of
Rhizophora mucronata Lam. in Kenya, the mean
heights of individuals were 4.70+0.20 m and
8.40+1.10 m at 8 and 11 years, respectively (Bosire et

al., 2006; Kairo et al., 2008). The complexity index

values did not vary proportionally with the age of
vegetation in the reforested areas. However, the index
values of the reforested areas (Yoy-Plant2 (0.40x10"
3), Bol-Plant1 (3.54x1073) and Yoy-Plant1 (1.14x1073))
were lower than those of their respective adjacent
(Yoy-Nat2 (76.1x103), Bol-Nat1
(390x103) and Yoy-Nat1 (32.95%103)).

natural stands

Standing biomass and carbon stock

Above-ground biomass (AGB) and below-ground
biomass (BGB)

The above-ground biomasses (AGB) of the RMAs did
not strictly vary with the age of the vegetation
although the smallest value was for the youngest
RMA (Table 3). The one-tailed Student's t-test with
the same variance showed no significant difference
between AGB and below-ground biomasses (BGB) of
6-year-old and 11-year-old RMAs (p> 0.05).

The respective AGB and BGB of adjacent good natural
kg/ha and
1289.07+422.02 kg/ha), Bol-Nat1 (6857.94+563.07

stands (Yoy-Nat2 (2653.13+608.91
kg/ha and 2907.77+1111.95 kg/ha) and Yoy-Nat1
(575.64+57.72 kg/ha and 362.78+73.72 kg/ha) were
higher than those of the RMAs (Yoy-Plant2
(11.98+0.76 kg/ha and 13.88+1.3 kg/ha), Bol-Plant1
(61.18+2.16 kg/ha and 55.19+1.92 kg/ha) and Yoy-
Plant1 (55.25+2.93 kg/ha and 47.8+1.31 kg/ha)
(Table 3). Additionally, statistical test revealed a
significant difference at the 5% threshold in biomass

between the two vegetation types.

The age of the vegetation is positively correlated with
the total standing biomass of RMAs in Douala Edea
National Park (DENP). This correlation can be
explained by the difference in diameter between
individuals of the two types of vegetation sampled, as
stem diameter growth is also positively correlated
with vegetation age. This observation is similar to that
of Hieu et al. (2017) in Vietnam and Monga et al.
(2022) in Tanzania. Monga et al. (2022) obtained
total carbon biomass values of 13.65; 20.13; and 57.53
MgC/ha for 5-, 15-year-old RMAs,

respectively. In contrast, Ferreira et al. (2015)

10-, and

estimated a biomass of 60.43 Mg/ha for a 5-year-old
R. mangle RMA in Potenji estuary in Brazil.
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Table 2. Specific composition and structure parameters of the vegetation of the sampled areas
Site Sampled Vegetation Age Specific D (ind./ha) BAi(m2) dm(cm) Hm (m) CI
area type (years) composition
S Bol-Plant1 Reforested 6  R.racemosa 3280 19.03x1073 a2 58 b5.64 3.54x1073
£ +238.74 +0.85 +1.87
<  Bol-Nati Natural ND R. racemosa 2060 462.57x103  15.95 15.27 390x1073
A A.germinans  +610.74 151.30x103  +11.13 +4.79
Yoy-Plant1 Reforested 11 R.mangle 2160 15.56x1073 22,93 b3.34  1.14x1073
+240.83 +1.4 +1.26
—  Yoy-Nat1 Natural ND R.racemosa 5920 113.38x1073 4.46 4.93  32.95%10°
S +630.08 +2.16 +2.36 3
§ Yoy-Plant2 Reforested 3  R.racemosa 4000 5.55%1073 1.2 1.8 0.40x1073
+200 0.5 +0.3
Yoy-Nat2 Natural ND R.racemosa 4260 316.98%x1073 8.48 5.58 76.1x1073
+952.89 +4.74 +2.44

BA: Specific basal area; CI: Complexity Index; D: Density; dm: Average diameter; Hm: Mean height; ND: Not

Determined. For the parameters dm and Hm, areas with identical letters did not show significant differences
between them at the Student's t-test at the 5% threshold: a (p = 0.63), b (p = 0.49).

Table 3. Biomass and carbon stock of study sites

SiteSampled Vegetation Age AGB (kg/ha) BGB (kg/ha) Total (kg/ha)

area type (years) Biomass Carbon Biomass Carbon stock Biomass  Carbon
stock stock

— Yoy-Plant2 Reforested 3 11.98 5.99 13.88 6.31 25.86 12.31
S +0.76 +0.37 +1.3 +2.17 +1.86 +2.19
z Yoy-Nat2 Natural ND 2653.13 1326.56 1289.07 502.73 3942.21 1829.3
s +608.91 +304.45 +422.02 +164.58 +1029.7 +468.51
S Bol-Plant1 Reforested 6 261.18 30.56 b55.19 21.52 116.32 52.08
g +2.16 +0.85 +1.92 +0.75 +3.62 +1.6
< Bol-Nat1 Natural ND 6857.94 3428.97 2907.77 1134.03 9765.71 4563
M +563.07 +281.54 +1111.95 +433.66 +1658.73  +£707.76
— Yoy-Plant1 Reforested 11 a55.25 27.62 b47.8 18.64 103.05 46.26

S +2.93 +1.4 +1.31 +0.51 +2.05 +1.1
§ Yoy-Nat1 Natural ND 575.64 287.82 362.78 141.48 938.43 429.31

+57.72 +28.86 +73.72 +28.75 +130.07 +57

ND: Not Determined. For a given parameter, the areas with identical letters did not show significant differences
between them at the Student's t test at the 5% threshold: a (p = 0.84), b (p = 0.93).

The biomass values of above-ground and below-ground
of a 12-year-old R. mucronata RMA in the Gazi Bay,
Kenya were 106.7+24 t/ha and 24.9+11.4 t/ha
respectively, as reported by Bosire et al. (2008). These
values are significantly higher than those of the 11-year-
old R. mangle RMA in DENP. The difference in biomass
between the two ages can be attributed to the species
used for reforestation and the evaluation method
employed, as explained by Kairo et al. (2008). The
greater biomass of the natural vegetation in RMA at
DENP suggests that the RMAs have not yet fully restored

the functional properties of the pre-existing ecosystem.

Biomass and carbon stock of litter fall in the sample area
Litter fall composition
In all sampled vegetation, litterfall was composed of:

branches, leaves, flowers and seeds.

Table 4 shows the annual distribution of the different
components in the sampled plots. It can be seen that the
proportion of dry leaf biomass is higher in the sampled
areas irrespective of the stand type and age of the RMA.
For the RMAs, the proportions of leaves were 93.08%
(Yoy-Plant2), 95.93% (Bol-Plant1), 80.61% (Yoy-Plant1),
while those of the corresponding natural vegetation
were: 67.84% (Yoy-Nat2), 82.43% (Bol-Nat1), and
90.97% (Yoy-Nat1) (Fig. 6). In contrast, the proportion
of dry fruit-seed biomass was zero only for the 3-year-
old RMAs. In this and many other studies on litterfall
production from mangroves, the proportion of leaves
was dominant (Ntyam et al., 2014; Wang'ondu et al.,
2014; Mchenga and Ali, 2017; Kamruzzaman et al.,

2019; Pradisty et al., 2022).
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Table 4. Components and production of litterfall in three reforested areas of different ages and in their

respective adjacent vegetation

v S Q Litterfall Average total annual production Average monthly
»n o8 o <§ = 5 ] @.,_g components (g/m2/year) biomass production
2 255888 NS Dry biomass carbone stock  (g/m2/month)
 8LRE I 282
g §¢ SR E
= 3
X 0= ~ Flowers 1.20 £0.4 0.54%0.09 0.10+0.22
SN 3 Fruits/seeds 0 0 0
;NU § 3 ] Leaves 37.96+6.46 17.08+2.77 3.23+1.25
2 = 2 Twigs 1.62+1.52 0.73+0.63 0.135+0.09
§ N & & Total 40.78+7.42 18.27+3.48 3.47+1.32
8 ~ ~ Flowers 122.10+59.62 54.94+25.04 10.17+6.45
S g 3 Fruits/seeds 01.44+111.94 41.15+£49.25 7.62+14.22
: g ND R Leaves 630.57+£83.19 283.76+37.41 52.55+16.16
Z
% 5~ 2 Twigs 85.37+30.63 38.42+12.86 7.11+£8.49
& Total 0209.48+203.38 418.2749.5 77.45+22.12
I~ = ~ Flowers 12.61+£9.37 5.68+4.02 1.05+0.65
LS 2 Fruits/seeds 1.47+3.12 0.66+1.43 0.1240.08
;& X 6 R Leaves 381.56+65.98 171.7+29.69 31.80+10.04
g;, 3 ‘;@ 2 Twigs 2.11+£2.62 0.95+1.15 0.18+0.00
s - = & Total 397.75£75.79 179.09+4.44  33.15+10.14
3 o Q ». Flowers 13.39+2.78 6.03+1.27 1.12+1.51
© <3 5 a g g.Fruits/seeds 88.27+14.03 39.72+6.43 7.36+14.57
'2; g ND ® g 5 S Leaves 595.91+11.96 268.16+5.32 49.66+20.14
E, 5~ ’ g S Twigs 25.36+8.43 11.41+3.77 2.11+3.44
% R Total 722.93+28.34 325.32+11.67 60.25+26.89
» o Flowers 40.09+20.19 18.0449.06 3.38+2.85
@I % -, Fruits/seeds 49.23+48.78 22.15+21.52 4.1%£5.9
N 3 11 9 Leaves 464.51+50.64 209.03+22.88 38.71+13.87
§ § %Twigs 22.40+16.35 10.08+7.17 1.88+1.35
§ = ~ Total 576.23+£106.75 259.3+8.89 48.07+£19.62
2 ?gFlowers 15.65+3.88 7.04+1.68 1.30+0.53
§ g 2 Fruits/seeds 11.69+6.85 5.26+3.11 0.97+4.79
'2 g ND & Leaves 654.39+75.38 204.47+30.89  54.53+18.29
g 2, S Twigs 37.58+4.47 16.91+1.98 3.13+5.66
R Total 719.31+£70.89 323.60+8.43 59.93+19.51
ND: Not Determined.
Total annual Litter fall production (Yoy-Plant2 (0.4 t/ha/year), Bol-Plant1 (3.97

The dry litter fall biomass varied in the same
direction as the age of the RMAs: Yoy-Plant3
(40.78+7.42 g/m2/year), Bol-Plant1 (397.75+75.79
g/m2/year), Yoy-Plant1 (576.23+106.75 g/m2/year).

t/ha/year), Yoy-Planti (5.76 t/ha/year)) where in this
range, except for the 3-year-old RMA (Yoy-plant2).
These litterfall productions show that these two

ecosystems would contribute to the restoration of

The litterfall biomasses of the RMAs were ecosystem functionality (Bosire et al., 2008).
significantly lower than those of the respective Furthermore, the litterfall production of the 11-year-
natural vegetation: Yoy-Nat2 (929.48+203.38 old RMA (Yoy-Planti) showed no significant

g/m2/year), Bol-Nat1 (722.93+28.34 g/m2/year),
Yoy-Nat1 (719.31+70.89 g/m2/year). Furthermore,
Turkey HSD multiple comparison tests between the
average monthly dry litterfall production between the
different pairs of RMAs and their respective adjacent
good natural stands showed a significant difference.

Litterfall production in mature mangroves worldwide
has been estimated to be between 2 and 16 t/ha/year
(Ntyam et al., 2014). The results obtained in this work

difference from the adjacent good natural stands.
This result is similar to that observed for R.
mucronata RMA older than 11 years in the Gazy Bay.
As litterfall production is an important ecological
function of the vegetation, these two mangrove
stations would function similarly in their respective
ecosystems. This would imply that the productivity of
the reforested areas would be able to match that of
the natural stands from a certain age under

favourable conditions (Wang'ondu et al., 2014).
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Fig. 8. Comparison of litterfall dry mass between

reforested mangrove and their respective adjacent

good natural stands

Monthly litterfall production and factors of variation
Similar to the annual production, the monthly dry
litterfall biomass varied with the age of the
plantation. Fig. 7A shows that on the one hand, the
variation of the dry litterfall biomass is similar
throughout the year in the 3- and 6-years old RMAs
and, on the other hand, the older RMA showed the
higher dry litterfall biomass. Furthermore, there was
a significant difference between the monthly dry
biomass values for RMAs of different ages (F = 38.86;
P = 2.38291x107°9). In contrast, the dry biomass

values for the natural vegetation of each RMAs

respectively showed very similar variations over time
and their dry biomass values were not significantly
different at the 5% threshold (F= 2.49; P= 0.098)
(Fig. 7B).

The comparison of mean dry litterfall biomass values
between each RMA and its respective adjacent good
natural stands shows that the dry litterfall biomasses
of the adjacent good natural stands were higher than
those of the RMAs (Fig. 8). However, the mean
monthly dry litterfall biomass values of the 6-year-old
RMA (Bol-Plant1) were similar to those of its adjacent
good natural stands (Bol-Nat1), but the one-way
Student's t-test with different variances showed a
significant difference between these two sets of values
at the 5% threshold (t= -3.37; p = 0.0022).
Furthermore, the one-way Student's t-test with equal
variances showed that there was no significant
difference between the monthly biomass means of the
two plots Yoy-Plant1 (11 years) and Yoy-Nat1 (t= -
1.516; p = 0.0716).

The superposition of the monthly variations of dry
biomass presented in Fig. 8 and the annual variation
of the seasons in the locality allows to show that dry
biomass of litterfall decreases with increasing rainfall.
Furthermore, maximum litterfall production was
recorded during the dry season (November 2020 to
February 2021), while minimum production was
recorded during the months of heavy rainfall (June
2021 to August 2021) with the exception of Yoy-Nat1
PSP in which there was a significant fall in twigs

during June 2021 (Fig. 9A).

The litterfall production of the RMAs of the DENP
varied with both age and season. The litterfall
production in the RMAs of DENP increases with
decreasing rainfall, which is similar to the
observations made in several other mangroves,
including the Perancak mangroves in Bali, Indonesia,
Sundarbans in India, and Zanzibar mangroves in
Tanzania (Mchenga and Ali, 2017; Pradisty et al.,
2022). This could be explained by the fact that there
is a reduction in freshwater supply in estuary which is

accompanied by an increase in the salinity of the
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environment and the plants adapt to this saline stress
by losing leaves and some branches to reduce water

loss (Ntyam et al., 2014).
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Fig. 9. Monthly variation in dry biomass of litterfall
components: A. Branches; B. Leaves; C. Flowers; D.

Fruits-seeds.

The dry twig biomass collected for the 3- and 6-year-
old RMAs was discontinuous and very low throughout
the year (Fig. 9A). In contrast, the biomass of twigs in
the 11-year-old RMA was higher than in the other two
RMAs and remained consistent throughout the year.
Additionally, its variation closely resembled that of
adjacent natural stands. The annual variation in
exhibited
characteristics to that of the twigs, except for the

fruit/seed dry  biomass similar

of maximum and minimum biomass

collection (Fig. 9A-D).

months

The dry biomass of collected leaves and flowers was
continuous throughout the year in the respective
adjacent good natural stands and in the 11-year-old
RMA (Fig. 9B-C). The biomass of collected flowers
was negligible throughout the year in the 3-year-old
RMA, while the biomass variation in the 6-year-old
RMA was similar to that of its adjacent natural stands
(Fig. 9C). Leaf biomass production was continuous
throughout the year for all PSPs, and it was the
dominant component of litterfall composition (Fig.
9B). Mangrove litterfall production worldwide is
generally influenced by air temperature, insolation,
rainfall, forest succession stages (i.e. pioneer plants,
young forests, mature forests), forest management
(e.g. selective pruning or harvesting), and
anthropogenic disturbance (e.g. coastal development)

(Kamruzzaman et al., 2019; Pradisty et al., 2022).

Conclusion

The estimation of standing biomass and litterfall
production of three reforested mangrove sites of DENP
showed that Rhizophora was the plant genus used for
reforestation in the sampled RMAs. The average
height,
production were positively correlated with the age of the

diameter, standing biomass, and litter
reforested areas. As the areas aged, litter production
approached that of the adjacent natural vegetation.
Reforestation of the disturbed mangrove of the DENP
would be a significant ecological success indicator for the
short term. This would make a significant contribution
to the safeguarding of these ecosystems. However, it is
important to note that the allometric equations used in
this study were developed based on vegetation data that
are not originate from the African Atlantic coast.
Developing original allometric equations for these
ecosystems would improve the accuracy of the estimates.
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