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Abstract: The mangroves in Egypt are halophytic trees growing in the upper part of the intertidal zone on the
Red Sea shores, lagoons, and on coasts sheltered. The current study was able to determine that suitable
environmental conditions that necessary to support mangrove silviculture and restoration. In the current study,
we used the Verified Carbon Standard (VCS) as a greenhouse gas (GHG) crediting program to calculate the
long-term expected average of carbon stock for potential mangrove (Avicennia marina) silviculture and
restoration for (10, 30, 40, and 50 years to harvest cycle of carbon stock) and we estimated the expected
average of soil organic carbon (SOC), and carbon sequestration (tCo2/ha) for 10 years of A. marina mangrove
silviculture. The results showed that the expected average of total carbon sequestration (tCo2) per hectare
recorded 1261.11, 23497.66, and 59214.21 tCo2/ha for 10, 30, and 50 years respectively. Moreover, the
estimate of net GHG emission reductions or removals (tCO2e) for the potential mangrove silviculture and
restoration activities recorded 3407.42 and 316583.63 tCO2e for 10 and 50 years respectively. Additionally, the
expected average total of soil organic carbon (SOC) was recorded at 121.7 t/ha after 10 years of mangrove
silviculture. In the current study, since the results of restoration activities may vary within the environmental
condition and management regime, an assessment of the efficiency of restoration activities in different scenarios
is necessary. Thus, our focus should be extended from developing the regulatory framework of carbon
accounting to improving management and policy in mangrove restoration as forest carbon stock enhancement.

This holistic effort would increase the benefit of mangrove ecosystem services for communities.
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INTRODUCTION

Mangroves have long been recognized for the broad
range of ecosystem services they provide (Spalding et al.,
2010; Shepard et al., 2011). More recently, mangroves
received attention for their capacity to store large
volumes of carbon (Pendleton et al., 2012). On average,
mangroves contain three to four times the mass of carbon
typically found in boreal, temperate, or upland tropical
forests (Donato et al., 2011).

Conservation of mangroves is considered a
potentially low-cost option for reducing CO2 emissions
(Pendleton et al., 2012). A large area of mangroves in the
world, protecting mangroves achieves emissions
reductions at a lower cost than reducing emissions
elsewhere in the economy (Siikaméki et al., 2012).

Designing and evaluating market mechanisms for
mangrove conservation requires several spatially explicit
scientific inputs, including information on the mangrove
area susceptible to deforestation, carbon in mangrove
biomass and soils, annual carbon sequestration, the
emissions profiles of mangroves converted to other uses,
and the opportunity cost of protecting mangroves
(Siikamaki et al., 2013). A growing number of
researchers have recognized the need for more and better
science and are calling for continued research on the
potential to include mangrove conservation in climate

change policy (Pendleton et al., 2012). Donato et al.,
(2011) estimate that soil carbon comprises 49-98% of
carbon in mangrove forests.

The mangroves in Egypt occupy about 525 hectares
(Zahran and Willis, 2009). Mangrove formations along
the Egyptian shoreline are formed mainly of A. marina, a
salt-excreting species (Afefe et al., 2019); except for a
few locations near the Egyptian-Sudanese border area,
where R. mucronata coexists along with A. marina
(PERSGA, 2004).

The aim of the work is to estimate the net GHG
emission reductions or removals (tCO.e) in Egypt for
future mangrove silviculture and to give the opportunity
to transfer this knowledge to other countries in the Red
Sea region. In the current study, we reviewed different
literature to describe the suitable locations and
environmental factors for mangroves along the Egyptian
Red Sea Coast based on the geological setting of the area
such as soil, topography, and digital elevation models.

METHODS
The Study Area

The mangroves in Egypt occupy about 525 hectares
(ha) distributed in 28 different locations along the
Egyptian Red Sea coast, and the Gulf of Agaba (Zahran
and Willis, 2009). The mangroves of Egypt consist of
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Avicennia marina, except for a few stands in the southern
Egyptian-Sudanese border area where Rhizophora
mucronata coexists along with A. marina (PERSGA,
2004). (Figure 1).

Data Analysis and Reporting

The primary data underpinning this paper was
collected depending on articles, reports, books, and
reviews of different literature to describe the suitable
locations and environmental factors for mangroves along
the Egyptian Red Sea Coast based on the geological
setting of the area such as soil, topography, and digital
elevation models.
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Climate Analysis

DIVA-GIS is software for geographic data analysis of
geographic information systems (GIS), and BIOCLIM is
a bioclimatic prediction system using surrogate terms
(bioclimatic parameters) to approximate energy and
water balances at a given location and can produce up to
19 bioclimatic parameters based on the climate variables
maximum temperature, minimum temperature, rainfall,
solar radiation, and pan evaporation (Nelson et al., 1997).
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Fig. 1. Map locations of the two mangrove species stands along the Red Sea and Gulf of Agaba in Egypt.

The Verified Carbon Standard (VCS)

The Verified Carbon Standard (VCS) is the world’s
most widely used greenhouse gas (GHG) -crediting
program (VCS, 2011). It drives finance toward activities
that reduce and remove emissions, improve livelihoods,
and protect nature. VCS projects have reduced or
removed nearly one billion tons of carbon and other
GHG emissions from the atmosphere. Use the following
equation to calculate the long-term average GHG benefit
(VCS, 2022):

LA = Z’IIY=0PEt_ BE;
n

Where: LA = The long-term average GHG benefit;
PEt = The total to-date GHG emission reductions and
removals generated in the project scenario (tCO2e).
Project scenario emission reductions and removals shall
also consider project emissions of CO2, N20, CH4, and
leakage.

BEt = The total to-date GHG emission reductions and
removals projected for the baseline scenario (tCO2e); t =
Year; n = Total number of years in the established time
period.

Use the following equation to calculate the long-term
average change in carbon stock.

Lo - 2t PC— BC,
n

LC = The long-term average change in carbon stock

PCt = The total to-date carbon stock in the project
scenario (tCO2e)

BCt = The total to-date carbon stock projected for the
baseline scenario (tCO2e)

t = Year; n = Total number of years in the established
time period
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RESULTS AND DISCUSSION

There have been a number of studies on site
suitability for establishing mangrove silviculture and
restoration (Macintosh et al., 2002; Ren et al., 2008;
Walters, 2000; and Bhat and Suleiman, 2004). In each of
these studies, the same basic criteria necessary for the
successful establishment of mangrove silviculture were
the same as those identified in this paper, namely, Air
temperature, water salinity and temperature, tidal and
wave energy, soil type and factors, and stability and
flood risk. Monsef and Smith (2008) found that a number
of barren sites had an excellent potential for establishing
mangrove silviculture. There many studies including
Ramsey and Jensen (1996); Coleman et al. (2008); and
Azlan and Othman (2009) have used remote sensing,
satellite imagery, and using heads-up hand digitizing off
a computer monitor for mapping mangroves and
locations of suitable sites for mangrove silviculture and
restoration.

Moreover, Afefe et al, (2019) divided the
environmental aspects of mangrove growth in Egypt into
four groups: (1) Geomorphological aspects of Red Sea
lagoons, bays, and islands; (2) Water characteristics; (3)
Climatic conditions and (4) Man-made modifications.

The current study is in accordance with those of
Walters (2000); Bhat and Suleiman (2004); and Ren et
al. (2008) who identified six environmental factors that
are necessary to determine if a coastline is capable of
starting and maintaining mangrove silviculture are: (1)
water salinity, (2) flash flood potential, (3) water
temperature, (4) air temperature, (5) tidal and wave
energy, and (6) soil type and stability, and these
environmental boundaries in mind, our approach was to
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determine where, if anywhere, on the Red Sea Coast of
Egypt these environmental requirements were met.

Suitable Climate, Topography, and Boundaries

Through a review of the previous literature, we found
that, from a geographical point of view, the Egyptian
mangroves are divided into the Sinai mangroves, and
mangroves growing on the Egyptian-African Red Sea
coast (PERSGA, 2004).

Suitable Climatic conditions:

Mangrove plants do not adequately develop when
annual average temperatures are below 19°C, which
corresponds with the seawater isotherm of 20°C during
the coldest period of the year (Alongi, 2002). While
mangrove plants are intolerant to freezing temperatures
both air and water temperatures may never decrease
below 0°C. Optimal temperatures for mangroves are not
only limited by cold temperatures but also by high
temperatures because they hinder tree settling.
Photosynthesis of most mangrove species sharply
declines when the air temperature exceeds 35°C (Moore
etal., 1973).

However, for the domestic case: Mangrove is a
tropical formation and its best growth occurs in high
temperatures. It seems that individual trees and shrubs,
especially of the salt-excreting species like A. marina,
withstand to some extent dry and hot climates. Mangrove
formations along this shoreline are formed mainly of A.
marina, a salt-excreting species. The mean maximum
temperature is 32.2 ° C yearly and 37.5 °C in summer
months (Paramaraj, 2004). Similar observations were
reported by Scholander et al. (1962) along the Red Sea
coast.

Table 1.
The average values of "19" bioclimatic variables for the study areas
Bioclimatic Variable Safaga Qusier Wadi El-Gemal Elba
Annual Mean Temperature 23.8 24.9 25.6 26.2
Mean Monthly Temperature Range 10.3 9.4 111 12
Isothermality (2/7) (* 100) 44.3 43.9 48.7 51.5
Temperature Seasonality (STD * 100) 481.9 452.7 444.7 435.7
Max Temperature of Warmest Month 344 34.6 36.2 375
Min Temperature of Coldest Month 11.2 13.3 13.4 14.2
Temperature Annual Range (5-6) 23.2 21.3 22.8 23.3
Mean Temperature of Wettest Quarter 25.1 26.5 24.2 24.8
Mean Temperature of Driest Quarter 18.2 19.4 29.6 20.8
Mean Temperature of Warmest Quarter 29.3 30 30.5 31
Mean Temperature of Coldest Quarter 17.4 19.1 19.9 20.6
Annual Precipitation 2 2 9 15
Precipitation of Wettest Month 1 1 5 10
Precipitation of Driest Month 0 0 0 0
Precipitation Seasonality (CV) 233.5 233.5 189.6 229.1
Precipitation of Wettest Quarter 2 2 7 14
Precipitation of Driest Quarter 0 0 0 0
Precipitation of Warmest Quarter 0 0 0 0
Precipitation of Coldest Quarter 0 0 1 2
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The study of climate was important to see the changes
in temperature and precipitation during the last years in
the study area. Climate data was obtained from the
Worldclim bioclimatic database, which houses 19
summary variables of precipitation and temperature for
the 1950-2000 time periods (Hijmans et al., 2005). The
average values of the "19" bioclimatic variable for the
most important mangrove areas at the Egyptian Red Sea
are recorded as shown in Table 1.

Suitable Geomorphological forms:

Mangrove vegetation is absent from the
Mediterranean and the northern parts of the Gulfs of
Suez and Agaba, being present only along the Red Sea
coast of Egypt from Hurghada southwards as well as at
Ras Muhammed at the southern extremity of the Sinai
Peninsula (Figure 2). Avicennia marina is the dominant
mangrove but Rhizophora mucronata occurs in a few

Fig. 2. The three main geomorphological forms of

mngroves in Egypt (Afefe, 2021a; Google Earth, 2024).

<

stands in the most southerly part of the coast (Zahran and
Willis, 2009). According to Saenger (2003) and
Anonymous (2006), the total area occupied by the
mangrove vegetation in Egypt is about 525 ha (1250
feddans) in sites with different areas distributed along the
shoreline of the Red Sea and its islands and the Sinai
Peninsula.

Through reviewing different literature (Fouda and
Gerges, 1994; and Afefe, 2021a) on features and
topography of the Red Sea coastal area in the Egyptian
mangrove stands, we found that the mangroves in Egypt
growing in three main geomorphological forms in
different stands of mangroves at Egyptian Red Sea and
South Sinai coastline (Figure 2). Moreover, Zahran and
Willis (2009) reported that the usual habitat of the
mangrove of the Egyptian Red Sea coast is the shallow
water along the shore, especially in protected areas:
lagoons, bays, coral, or sand bars parallel to the shore.

_
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Legend: (A): A mangrove community growing on an extensive inter-tidal flat (Marsa Shaab, South Shalatine - Gebel Elba);
(B): An example of a mangrove community growing in an enclosed bay, protected by a coralline ridge (23km South of
Safaga); (C): A mangrove community growing in a channel (Ras Mohammed, South Sinai)

In a few localities, A. marina grows on the terrestrial
side of the shoreline, and in one locality (delta of Wadi
Gemal) the bushes are partly covered by sand hillocks.
This situation is apparently due to the silting of the
shoreline zone originally occupied by the mangrove
(Figure 3), and the structure of the mangrove vegetation
on the Red Sea coast of Egypt is simple — usually a single
layer of A. marina. In localities where R. mucronata is
included, this forms a stratum towering over that of A.
marina (Zahran and Willis, 2009). According to EEAA
(1998); Zahran and Willis (2009); and Afefe (2021a) we
designed a diagram of coastal morphological features:
sharm, marsa, bay, islands, and submerged reefs in
mangroves ecosystem (Figure 4).

Marsa (e.g. ) Shalateen

Bay (e.g. ) Abu Soma, El

Fresh Water Resources:

Moreover, freshwater seems to be a controlling factor
in mangrove growth, since a previous study in Qatar
(Batanouny, 1986) concluded that mangrove growth sites
must receive fresh water from inland, either as overland
flow or as underground seepage and the rainwater plays
another role in mangrove growth: it washes salts secreted
on the leaves. The source of surface water all over the
Eastern Desert (where the mangroves) is the rainfall on
the chains of the Red Sea Mountains, where the
mountain rains may feed the wadis of the Eastern Desert
with considerable torrential flows (Hassib, 1951) (Figure
5).

Sharm (e.g. ) El loli, Wadi El
Hurghada Gemal

Fig. 3. Diagram of coastal morphological features: charms, marsas, and bays (Afefe, 2021a) using Google Earth (2024).
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Fig. 4. Cross-sectional diagram of marine and terrestrial survey and transect zones (Afefe, 2021a) using Google Earth

(2024).

Legend: A = supra tidal zone; B = intertidal zone; C = reef flat; D = reef edge;
E = reef wall; F = coral patches; G = submerged reefs and H = islands
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Figure 5. Map of water streams and flows wadies and locations of mangroves (Red plots) at the Egyptian Red Sea Coast

Water Temperature, Speed and
Measurements
Water Salinity

Many studies were examined to understand the
adaptations, ecophysiological processes, and
morphological characteristics of A. marina trees growing
in a per-arid area on the Red Sea coast of Egypt
(Teraminami et al., 2013; Matsuo et al., 2016; Afefe et
al., 2019; and Afefe et al., 2021). The study of Afefe et
al. (2020) suggested that Rhizophora mucronata is a
highly salt-tolerant species, which maintains its salt

Salinity

balance like a true halophyte though its growth is
retarded at very high salinity. Moreover, they reported
that A. marina is relatively more tolerant and adapted to
salinity, low rainfall, and extreme temperature conditions
than R. mucronata and this explains the larger local
distribution (in Egypt) of A. marina than R. mucronata.
Mangroves grow under extreme environmental and
climatic conditions such as high salinity, temperature,
and radiation (Moorthy and Kathiresan, 1999). The
Avicenniacaeae appear to be more tolerant to salinity
stress than the Rhizophoraceae (Hutchings and Saenger,
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1987). For instance, Avicennia marina trees seem to
grow well up to 75% seawater, with a hypothesized
growth inhibition at higher salinities due to high sodium
chloride (NaCl) concentrations in the tissues (Clough,
1984). However, seedlings of A. marina exhibited
various growth responses under different salinity regimes,
with the highest growth recorded at 50% seawater (17
ppt). The lowest overall growth was found in seedlings of
A. marina raised under 0 ppt salinity, which was even
lower than the growth of seedlings raised in 100%
seawater (35 ppt) (Downtown, 1982; and Ghowail et al.,
1993). These studies suggest that even within a species,
salt tolerance changes depending on life stage, with
seedlings being potentially more sensitive to salt stress
than mature trees. In comparison, Water stress may be
the main effect of high salinity on the growth of the
Rhizophoraceae (Clough, 1984). However, the seawater
salinity ranging from 41.04 to 43.95 ppt in the south of
the Red Sea mangrove (Gebel Elba) as an area
considered hyper-arid (EEAA, 2018), and the mean water
salinity of all measurements was 40.01 ppt in Gulf of
Agaba (EEAA, 2009), with total mean of EC for A.
marina 38.74 ds/m and 40.62 ds/m for R. mucronata
(Afefe et al., 2020).

Water temperature

The continuous fluctuations in the temperature of sea
water in mangrove areas at the Gulf of Agaba reached
12.75 °C during the same day while the minimum water
temperature recorded reached as low as 17.07 °C and the
maximum recorded 30.69 °C, with the average water
temperature reached 22.63 °C (EEAA, 2009).

Water current speed and direction

Temporal variations in the speed of the water flow at
the mangrove area, and the flow of seawater to and back
from the mangrove area are significantly related to tidal
cycles and inundation regimes. The maximum water
current speed recorded was 24 cm/s during spring tide,
while there was absolutely no water movement in some
instances, and the mean water current speed was 6 cm/s
during the study of the mangrove environment at the
Gulf of Agaba (EEAA, 2009).

The daily seatidal needs for mangrove

The daily tidal range averages 0.6m in the northern
part of the Red Sea. This is augmented by a seasonal
evaporation effect of an estimated 0.5m between summer
and winter (Edwards, 1987). For future mangrove
silviculture and restoration, the tidal data can be derived
using the free tidal prediction program WXTide32 to
select the potential silviculture stations along the
Egyptian Red Sea. The tide data for a potential location
can be extrapolated based on a weighted inverse distance
method, and the depths measured during the field survey
were then corrected to datum, i.e. lowest astronomical
tide, based on these tidal values (Vanderstraete et al.,
2002).

<

Suitable Soil Factors

The mangroves grow in soil with high sand content,
low silt and clay fractions, and low calcium carbonate
content (Bhat et al., 2004). In Australia, mangroves grow
in soils with a wide range of soil textures, from coarse
sand to fine alluvial soils, heavy clays, and peats, but
most soils have soil salinity near that of the tidal water
(Clough, 1984).

The mangroves are not restricted to specific soil
conditions although each community tends to show a
niche relation to certain soil variables. Hence, several soil
properties could serve as indicators for community-type
differentiation (Ukpong, 1995). For example, higher
acidity (pH-values) prevails in soils associated with
Rhizophora communities than in Avicennia communities.
Rhizophora has an extensive fibrous root system that
forms thick peat-like mud, which lowers the pH after
decomposition (Hart, 1962).

Through a review of the literature on the Egypt
mangrove, we found that the soil of A. marina mangrove
contains 4.5-19.5% calcium carbonate whereas that of R.
mucronata is highly calcareous, containing up to 80% of
its weight of calcium carbonate. The tidal mud of the
mangrove vegetation of the Red Sea coast is usually grey
or black, and often foul-smelling (Kassas and Zahran,
1967).

Afefe et al. (2019) reported that the soil mineral
composition for A. marina mangrove recorded a higher
value for Na+ (8.22%) and Cl- (7.9%), and the K+ a
higher value recorded (1.4 %) and recorded 0.81% and
0.33% for Ca++ and Mg++ respectively. While the soil
mineral composition for R. mucronata recorded a higher
value for Na+ (6.7%) and (7.23%) for Cl-. While, the
mean values for K+, Ca++, and Mg++ ions were noted as
0.64%, 2.13%, and 0.31 % respectively.

Additionally, EEAA (2009) reported that R.
mucronata stands to have the lowest salinity, silt, pH,
and Na, but the highest of sand and CaCo3. Where, A.
marina had the highest values of silt, clay, pH, K, and Na.
Additionally, R. mucrorata contained higher ash content
(28.2%) than A. marina (18.8%). The higher values were
associated with Cl, Mg, Ca, and Na. The organic carbon
content of mangroves ranges from 0.3% to 2.2% and pH
ranges from 8.5 to 9.0. A notable difference between the
tidal mud colonized by A. marina and that by R.
mucronata is the low content of calcium carbonate in the
former (4.5-19.5%) as compared with the calcareous
mud (80%) in the latter (Zahran and Willis, 2009).

Moreover, According to Afefe et al. (2019), the mean
soil bulk density (SBD) was recorded 1.16 g cm™ for
both mangrove species, and the soil organic carbon
(SOC) content recorded 34.95 g C kg™ for the both
mangrove species, and the total mean SOC content was
statistically higher in A. marina stands (39.66 g C kg ™)
than R. mucronata stands (33.15g C kg™?). On the other
hand, El-Khouly and Khedr (2007) stated that the habitat
of R. mucronata is characterized by low soil salinity, silt,
and pH values, compared with that of A. marina that
grows in more saline habitats and had the highest value
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of silt. Plots of the association growth of R. mucronata
and A. marina showed intermediate values for most of
the studied soil variables. The results suggest that while
abiotic environmental conditions may account for the
absence of R. mucronata in high saline mud soils along
the Red Sea coast of Egypt, but also the tolerance of each
species to each particular is also more important in the
formation of mixed growth of both species.

However, According to Afefe et al. (2019), the
mangroves showed variations between the mangrove
species in mineral composition at different locations,
wherein all the locations of mangrove, Na+ and Cl+ ions
were dominant than K+, Ca++, and Mg++ ions, and both
ordination techniques indicated that electric conductivity,
CaCO03, K, Ca'", Cl, Na' and Mg", were the most
important parameters determining the distribution of the
two of mangrove species (A. marina and R. mucronata)
pattern at the Egyptian Red Sea coast.

Estimated the expected net GHG emission
reductions or removals (tCOze) for potential
silviculture and restoration of mangroves in
Egypt

There are many opportunities to introduce science
into policy in addressing climate change adaptation and
mitigation related to the mangrove ecosystem. The
emissions from mangrove forest degradation and
mangrove conversion are ongoing but currently not well
accounted for in the national GHG (greenhouse gas)
inventory (Afefe, 2021a). The current study highlights
the importance of strengthening GHG inventory by
further involvement of mangrove carbon of potential
mangrove silviculture and restoration into carbon forest
accounting. GHG emission from mangroves can be
estimated from carbon stock changes in carbon pools that
comprise several compartments (ie. above and below-
ground biomass, and soils) (Kauffman and Donato, 2012).
The removal or conversion of mangroves to other land
use could have significant consequences for marine
ecosystem primary production and contribute to
substantial CO2 emission, ie greenhouse gas (GHG), to
the atmosphere (Pendleton et. al., 2012).

Afefe et al., (2020) reported that the average biomass
per hectare of Egypt mangroves recorded 74997.1 and
22536.8 kg for A. marina and R. mucronata, respectively,
and the total organic carbon content for mangroves of
Egypt (525 ha), recorded 17.73 Gg C for biomass and
5.97 Gg C year for soil, with a total of 23.7 Gg C of
organic carbon content storage in mangroves ecosystem
in Egypt.

In the current study, since the results of restoration
activities may vary within the environmental condition
and management regime, an assessment of the efficiency

along the Egyptian Red Sea and Gulf of Aqaba Coastthe literature

of restoration activities in different scenarios is necessary.
Thus, our focus should be extended from developing the
regulatory framework of carbon accounting to improving
management and policy in mangrove restoration as forest
carbon stock enhancement. This holistic effort would
increase the benefit of mangrove ecosystem services for
communities.

In the current study, the primary mangrove vegetation
data of Egyptian mangroves was collected depending on
the results of Afefe et al. (2019).

In the current study, we used the Verified Carbon
Standard (VCS) Programme as a greenhouse gas (GHG)
crediting program (VCS, 2022) to calculate the long-term
average carbon stock for potential mangrove silviculture
and restoration in Egypt for planting A. marina mangrove,
with an average of 786 tree/ha (for 10, 30, 40, and 50
years to harvest cycle of carbon stock) (Tables 2, 3).

In year one, the project begins with clearing the land.
In the following years, carbon is sequestered as
aboveground biomass from silviculture and restoration
activities. The final column shows the to-date GHG
emission reductions and removals in the project scenario.
The annual change in GHG benefit is the additional GHG
emissions reduced or removed each year in the scenario.

A review of the available literature on silviculture and
restoration of mangroves shows mixed successes of
restoration efforts (Ellison, 2000), even though it has
been said that mangrove wetlands are easy to restore and
create (FAO, 1994). Whereas the lost mangrove plant
species can be returned (Kairo, 1995), a restored forest
may or may not function as the original pre-disturbed
system (McKee and Faulkner, 2000). This is especially
true where there is no natural model, simple or complex,
on which to base the recreated mangrove stand (Field,
1998). In East Africa, information on earlier mangrove
plantation practices is scanty. Reference is made to
mangrove planting in Lamu, Kenya, after the trees were
clear-felled during the First World War (1914-1918) by
the Smith and McKenzie Company (Roberts and Ruara,
1967). In Tanzania, attempts to replant mangroves in the
abandoned saltpans of the Tanga district failed probably
because of environmental factors (e.g. soil salinity and
acidification) as well as poor species selection (Semesi
and Howell, 1992). Moreover, Abd-El Monsef et. al.
(2013) identified the suitability value ranges for the
environmental parameters of mangroves on the southern
Saudi Arabian Red Sea Coast these environmental
requirements were met, and the results included: Air
temperature: ranged from 8 to 47 °C; Water temperature
ranged from: 22 to 34 °C; Water salinity ranged from: 36
to 3.8%; Wave and tide energy: low; Flash flood
potential: low; Soil type: sandy to sandy loam.
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Table 2.

The expected average of carbon sequestration and net GHG emission reductions or removals for mangrove silviculture of A.

marina mangrove after 10, 30, 40, and 50 years

. Estimated net GHG emission
Year Carborgtgggyheas)tratlon Tgéﬂgﬁ;?;bhoan reductions or r(;r;ovals (tCO2e) /
1 22.61 22.61 0.00
2 42.10 42.10 22.61
3 66.97 66.97 64.71
4 90.50 90.50 131.67
5 107.11 107.11 222.18
6 125.89 125.89 329.29
7 152.05 152.05 455.18
8 182.57 159.95 584.62
9 213.94 171.85 725.09
10 257.37 190.40 872.07
Total - 10 Years 1261.11 1129.43 3407.42
11 294.07 203.57 1038.93
12 337.75 230.63 1225.88
13 429.65 303.76 1437.74
14 529.31 377.25 1715.34
15 580.69 398.12 2062.08
16 682.42 468.48 2428.82
17 761.67 504.30 2853.87
18 935.29 641.22 3321.47
19 1220.31 882.56 3919.02
20 1307.13 877.48 4709.68
21 1364.49 835.18 5487.50
22 1406.76 826.08 6271.30
23 1425.77 743.35 6995.64
24 1435.76 674.09 7659.75
25 1471.00 535.71 8160.22
26 1528.05 307.74 8410.91
27 1580.05 272.92 8631.84
28 1644.61 280.12 8847.40
29 1658.84 252.08 9085.24
30 1642.95 217.18 9318.32
Total-30Year 23497.66 10961.27 106988.37
Total-40Year 40715.67 12283.43 206577.39
Total-50Year 59214.21 12943.97 316583.63

Table 3.

The expected average of soil organic carbon (SOC), aboveground biomass (AGB), and belowground biomass (BGB) for
potential silviculture of A. marina mangrove for 10 years [with an estimated average of 786 tree/ha and 6.08 cm of diameter
at breast height (DBH) for 10 years consistent growth]

AGB SOC

Year (kg/ tree) BGB (kg/tree) (t/ha)
1 2.88 3.85 12.17
2 6.21 6.06 24.34
3 11.59 9.84 36.51
4 16.14 14.50 48.68
5 18.61 15.99 60.85
6 22.98 17.38 73.02
7 28.72 22.67 85.19
8 37.42 29.31 97.36
9 46.03 36.41 109.53
10 62.74 45.24 121.70
30 878.12 482.43 365.10
50 1077.66 579.73 608.5
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Fortunately, through a cooperative project between
the Ministry of Agriculture and Land Reclamation, the
Egyptian Environmental Affairs Agency, and the
International Tropical Timber Organization (ITTO)
silviculturing and rehabilitation of mangrove plants (A.
marina and R. mucronata) in representative sites of the
shoreline of the Red Sea of Egypt have been successfully
conducted (Anonymous, 2006). About 50 feddans have
been cultivated with these two mangrove species, and
rehabilitation of about 5 feddans has been also conducted
from 2003 to 2007 through the project of ITTO (EEAA,
2009). However, mangrove forestation is proceeding at a
large scale in Bangladesh, India, and Vietnam principally
to provide protection in typhoon-prone areas as well as to
generate economic benefits for the poor coastal
communities (Saenger and Siddique, 1993). For the
conservation of mangroves, the sustainable management
of the mangrove and floral biodiversity in the Red Sea
coastal area requires stopping the severe human impacts
that lead to eliminating certain plant populations and
modifying the complex plant communities into simple
fragile ones (Afefe, 2020; Abbas et al., 2016; Afefe et al.,
2016; and Afefe, 2021b). Where, the major threats to
mangroves in Egypt are the exploitation for coastal
development (as removal for constructing hotels, roads,
and other infrastructures), firewood, camel feed, and
timber by human beings, this leads to a great loss of
mangroves (Afefe, 2021a).

CONCLUSION

The current study is in accordance with those of
Macintosh et al. (2002); Ren et al. (2008); Walters
(2000); and Bhat and Suleiman (2004) they identified six
critical environmental factors that are necessary to
determine if a coastline is capable of starting and
maintaining mangrove silviculture are: (1) air
temperature, (2) water temperature (3) water salinity, (4)
tidal and wave energy, (5) flash flood potential and (6)
soil type and stability.  The present study field
observation with the literature review found that the
mangroves in Egypt growing in three main
geomorphological forms included a mangrove
community growing on an extensive inter-tidal flat; in an
enclosed bay, protected by a coralline ridge; and growing
in a channel. Moreover, Afefe (2021a) reported that there
are four groups for environmental aspects of mangroves
in Egypt including Climatic conditions;
Geomorphological aspects of Red Sea lagoons, bays, and
islands;  Water  characteristics, and  Man-made
modifications.

On the other hand, Siikamaki et al., (2012) developed
the first spatial estimates of global mangrove soil carbon,
using country and regional-level mean estimates of soil
carbon concentrations derived from the literature. While
this provides an important first step, the estimates do not
capture the fine-scale variation in mangrove soil carbon
concentrations and, therefore, the fine-scale variation in
potential benefits from mangrove conservation in

along the Egyptian Red Sea and Gulf of Aqaba Coastthe literature

different locations. The current study agrees with Jardine
and Siikamaki (2014) that a key challenge in assessing
the carbon benefits of mangrove conservation is the lack
of rigorous spatial estimates of mangrove soil carbon
stocks. Unlike other tropical forests, for which the bulk
of carbon storage is in biomass, mangrove carbon is
primarily stored in the soil.

In the current study, since the results of restoration
activities may vary within the environmental condition
and management regime, an assessment of the efficiency
of restoration activities in different scenarios is necessary.
Thus, our focus should be extended from developing the
regulatory framework of carbon accounting to improving
management and policy in mangrove restoration as forest
carbon stock enhancement. This holistic effort would
increase the benefit of mangrove ecosystem services for
communities. Knowledge of mangrove species zonation
is essential in determining suitable areas for different
species. Where, it is difficult to generalize planting sites
for successful mangrove restoration, as this will depend
on local environmental conditions and the species to be
planted. Therefore, urgent need to evaluate the success of
rehabilitation trials of mangroves that are implemented
along the Red Sea coast to contribute to the success of
current and future conservation activities for mangroves.
The study calls for devising effective management
strategies for monitoring and conserving the degraded
mangrove cover. Monitoring and effective management
strategies can help in maintaining and conserving the
degraded mangrove cover and assessing site suitability
for restoring mangroves.
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