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Abstract

Blue carbon refers to the carbon captured by oceans and coastal ecosystems. The carbon captured by living
organisms in oceans is stored in the form of biomass and sediments. Blue carbon is considered to be a modern
trend to reduce emissions of carbon dioxide in the atmosphere and mitigate climate change. The aim was to
understand the characteristics and nature of this ecosystem. Data on various parameters including sediment hydro
chemical properties, vital nutrients and organic matter were determined across eight different sectors that were
divided on the basis of age and density of mangrove forest. The study showed that sectors in the studied mangrove
forest of El-Souda—West Island Kingdom of Saudi Arabia with older and denser trees gave more significant
information on hydro chemical properties than sectors with younger trees. Weak relationship was found between
the degree of alkalinity and the growth of mangroves. The distribution of dissolved oxygen values was irregular
between the sectors. The results of vital nutrients showed that the highest values of nitrates were recorded in sector
7 and 8. Absence of organic pollution in the study area that was attributed to organic rich sediment that gets
accumulated in the mangrove roots. In general the values of vital nutrients below the international limit. A strong
relationship was observed between the organic content of the sediment (organic carbon oxidized, organic carbon,
total, organic matter), and the density of mangroves. The study revealed the role of benthic organisms especially
cancers in enriching the sediment organic matter beside the impact of the tide, and the nature of the soil, and the
proximity and distance from the sea.
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1. Introduction

Carbon Blue or what is known as Blue Carbon represents one of modern ideas to reduce emissions of carbon
dioxide CO; in the atmosphere, thus limit climate change (Sedjo & Sohngen, 2012). This emphasizes the need to
maintain reservoirs of organic carbon reduced in the sediments of wet lands environments whether mangrove
forests or salt marshes or sea grass. All these have the ability to capture, store and sequestering carbon dioxide in
the sediments for hundreds or even thousands of years (Tripati et al., 2009). This is an extraordinary repository of
carbon in the world. Today mangrove forests represent the largest sinks of carbon in the world where store carbon
15-times more than the rest of the wet land and absorbed it for thousands of years (Margareth, 2011). However,
recent studies have proven the retreat of mangrove forests by up to 35% of the total area of mangrove in the world
(Rezende et al., 2006). Where Margareth (2011) estimated rate of decline in the range of 30% -50% over the last
fifty years and Daniel et al. (2012) recorded a reduction of 10% -15% of the total volume of the world's mangrove
forests. Mangrove forests are hot spots for biodiversity, they provide important and valuable ecosystem functions,
including a large carbon sink capacity (Duarte et al., 2008; Duarte, 2009). Nelleman et al. (2009) reported that
mangrove trees have the highest productivity of any forest ecosystem, but this tree (and the other blue carbon
habitats) are being rapidly destroyed at a higher rate than tropical forests ecosystem, but this tree (and the other
blue carbon habitats) are being rapidly destroyed at a higher rate than tropical forests (Spalding et al., 2010). Albert
et al. (2012) indicated that in areas of high use and high population density, the cutting of mangroves causes a
substantial loss of carbon from the aboveground biomass component. Therefore, maintain mangroves, and
restoring growth is very important for its effectiveness in shorthand, and store and sequesters carbon in the form of
deposits which will reduce the effects of climate change in the globe. This study was assigned in order to shed light
on the properties of sediments member of the community mangrove on the island of Souda west of Saudi Arabia as
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a case study. The aim was to understand the characteristics and nature of this ecosystem with a high potential for
interaction with the natural environmental conditions, and the ability to interact with low human interference.

2. Materials and Methods
2.1 Study Area

The island of El-Souda western Saudi Arabia is located on the Red Sea coast (south of the city of Jeddah) between
latitudes 20° 34" 48” - 20° 35’ 24” and longitudes 39° 34" 12”7 - 39° 37’ 48” (Figure 1). The coast area consists of
bays protected surrounded peninsula from the north and south forming a peninsula known locally as El-Souda
island. This made an area protected from the waves which allowed the growth of mangroves in these coasts. It
consist of sandy beaches punctuated by a number of bogs salt flat surface, and exposed to water immersion tide
making it connected with the sea in the case of high tide.

The sand covering remaining parts of the coastal plain, mixed in some locations with gravel and limestone or coral
in other areas which makes the appearance of the coastal plain sandy reg, except for areas that hurt the valleys
coming from Mount Sita and the Valley Dam. The soil in the study area consist of a mixture of soils crude sandy
desert sand torripsamments form beach dominant feature of her, and soils raw sand wet udipsamments westward,
and soil epidural normal saline Solorthids (Map General of the soil, scale 1: 250.000, 1986), especially in the areas
of bogs. The study field showed that soil texture ranging from silt Celtic to silt sandy by proximity and distance on
the scope of mangroves in general.

Location of Study Area
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Figure 1. Location of the study area of ElI-Souda — West Island Kingdom of Saudi Arabia

2.2 Field Data Processing

To achieve the objectives of this study, the research was designed on several phases, which includes the
monitoring of all environmental phenomena of the study area, whether literary survey data and field survey, which
divided into several stages:
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1. A preliminary field survey was made to the study area, in which the forest site was divided into (8) sectors
preview. These sectors where delineated on the basis of the variation between the different sites. The site
description representing the eight sectors was shown in Figure 2.
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Figure 2. Site preview segments in the study area showing the eight observation sectors of El-Souda — West Island
Kingdom of Saudi Arabia

2. The data were collected across the eight sectors during three visits to the field. First data collection was done on
14/02/2013, on which 32 soil samples were collected devoted to the measurement of the physical properties of the
soil. The second was on 25/04/2013, with 16 water samples were collected to measure Hydro chemical
characteristics of the mangrove environment. The third was on 23/7/2013, with 24 samples were collected for
organic deposits in the various sectors of the preview devoted to the measurement of organic carbon.

3. Sediment samples were analyzed according to (Walkley & Black, 1934) in a laboratory soil stage of data
processing. whereas maps and satellite images were processed through the analysis of visual space satellite
American (IKONS) for the year 2012, especially when studying the sites of mangroves, and intervention sites
human in the region.

4. The implementation phase of operations classification and statistical study of the relationship between the
variables.

3. Results and Discussion
3.1 Hydro Chemical Properties of the Water Mangrove community in El-Souda Island

The results in (Table 1) reflected the values of hydro chemical indicators of water mangrove community in the
study area and it can be concluded that:

pH values in the side of alkali ranged between 8.05 - 8.29 (Figure 3). This indicates the presence of some alkaline
salts, which are mostly salts of calcium carbonate. Where the sector 8 recorded lower ratio (8.05), and is due to the
increase in the amount of organic waste falling from mangrove plants. This was in agreement with the results of
(Marchand et al., 2011).
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The rates of salinity values in the preview segments ranged between 40.97% - 42.58%. Sectors 5 and 7, had the
highest values, but mostly similar to concentrations of salinity in the waters of the Red Sea. However compared to
the global average of 32 to 37% salinity, it was higher. This may be attributed to the outskirts of coastal salt marsh,
which may affect the increasing salinity of the water during the tsunami.

Table 1. The average values (+ SD) of the properties Hydro chemical mangrove community water in eight sectors
of El-Souda — West Island Kingdom of Saudi Arabia

Property Unit  Sector 1 Sector 2 Sector 3 Sector 4 Sector 5 Sector 6 Sector 7 Sectaor 8
pH — 8172041 811038 8194043 8082040 8162041 820046 812041  8.05:0.39
Salinity %  41.012487 41.0144.96 40.99+4.08 41.0124.92 40.97+4.10 41.02+4.51 42.58+4.26  41.08+3.69
Alkali
(c Zg‘e) mg/l 1451595  160€19.2  150£153  150+18.6  135+13.77 14041736  215427.09  150+15.32
alLUs
Dissolved
1ssotve mgll 3152028  3.155026 5504051  5.15£046  6.15£0.52  6.05£0.57  6.20£0.56  6.20%0.51
Oxygen (DO)
Biochemical
() en
e mgll >5:0.65  >50.63  >5£0.56  >5£0.54  >5:050  >5:051  >5:0.53  >5:052
requirement
(BOD)
chemical
oxveen mgll  >15:0.176  >1540.174 >15:0.168 >15:0.160 >15:0.162 >15:0.154 >15:0.153 >1540.155
requirement
(COD)
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Figure 3. The pH values in eight sectors of the preview of El-Souda — West Island Kingdom of Saudi Arabia

The proportion of alkaline (CaCOj;) ranged from of 135 mg /1 to 220 mg/I1. Sector 7 recorded the highest values due
to the nature of the limestone rocks that underlie the sector.
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Figure 4. Salinity averages in eight sectors of preview of El-Souda — West Island Kingdom of Saudi Arabia
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No strong links between the degree of alkaline and mangrove trees grow was found in this study and this is
contrary to what is stated in the study of Pablo and Leonor (2006).

The study indicated that the information on hydro chemical be more pronounced in sectors preview with oldest and
most dense trees such as Sector 7 and 8. While the young sectors like Sector 5 don’t give clear information on
hydro chemical and existence of a any relationship between the properties of water hydro chemical, and among
mangroves. This is consistent with the study of Marchand et al. (2011), which indicate that the young mangroves
do not give evidence clear geochemistry information like mangrove elderly who usually accompanied by a lot of
organic debris, and decrease the amount of pH.

The results showed that the distribution of values of dissolved oxygen (DO) irregular between sectors of the study
area, ranging from 3.15 mg/l to 6.20 mg/l. Sectors 7 and 8 recorded the highest values due to the activity of
photosynthesis, and high turbidity of the water. The poor dissolved oxygen DO was found in sector 1 and 2. This
may be due to the sang region benthic animals, especially cancers and frequent respiratory roots in addition to
shallower water depth (Figure 7). In addition to the proximity of both the open sea reduced the amount of dissolved
oxygen. This is in agreement with the study of Marchand et al. (2011), who refers to the role of benthic organisms
in the oxygen consumption and increase the organic load.
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Figure 5. Averages degree of alkaline CaCO; (mg/1) in eight sectors preview of El-Souda — West Island Kingdom
of Saudi Arabia
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Figure 6. Dissolved oxygen (DO) in eight sectors of the preview of El-Souda — West Island Kingdom of Saudi
Arabia

Figure 7. Shallower depth of water and frequent respiratory benthic fauna roots in the sector "(1 and 2) of
El-Souda—West Island Kingdom of Saudi Arabia. (a: respiratory roots; b:Organic sediment carbon & c:: mineral
nutrition of respiratory roots)

The results of the index Needing biochemical oxygen BOD, and Needing chemical oxygen COD is less than the
limit sensitivity methods that have been used in the estimation of organic pollution which recorded low values <5
mg/L - <15 mg/L in all sectors of the index BOD and COD, respectively, which confirms region free of
environmental pollution.

3.2 The Properties of Vital Nutrients to the Mangrove Community in El-Souda Island.:

The vital nutrients dissolved chemical compounds in natural water are considered the main source of nutrition for
organisms in the aquatic environment. Table 2 showed the values vital nutrients to water mangrove community in
the study area. From this table, it can be concluded that:

The values of ammonia-nitrogen (NH4-N) ranged between 0.02 to 0.54 mg/L, which are low and located in its
entirety within the permissible limits internationally (0.005 - 6.2 mg/L). This corresponds to what was stated in the
report of the Committee on Environmental Monitoring of Lake Brolos (2012). The low rates values of
nitrate-nitrogen (NO,-N), 0.001-0.006 mg/L, in most preview sectors were less than the allowable limits
internationally ranging between (60 - 5 mg/L).
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Table 2. Averages the values (+ SD) of the characteristics of vital nutrients to water mangrove community in eight
sectors of El-Souda — West Island Kingdom of Saudi Arabia

Property Unit Sector 1 Sector 2 Sector 3 Sector 4 Sector 5 Sector 6 Sector 7 Sector §

(NH4-N) mg/L 0.385+0.034 0.24+0.019  0.335+0.037 0.31+0.276 0.14+0.012  0.125+0.011  0.31+0.026 0.1+0.008

(NO2-N) mg/L 0.005£0.0004 0.004+0.0003 0.0025+0.00023 0.0025+0.0002 0.002+0.0002 0.001+0.00007 0.0035+0.0003 0.002+0.0002

(NO3-N) mg/L 0.15+£0.011  0.2+0.016 0.65+0.053 0.65+0.049 0.75+£0.058  0.95+0.077 1.35+0.109 1.4+0.109
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Figure 8. The average vital nutrients in eight sectors of ElI-Souda—West Island Kingdom of Saudi Arabia

The study showed that the distribution of values of nitrate - nitrogen (NO3-N) is a regular in the study area, ranging
from 0.1-1.4 mg/L, recorded high in Sector 7 and 8 as a result of a rich public waste organic, which is in the mildly
without limit internationally. This confirms the study area free of organic pollution and the lack of sources of
pollution discharged into the waters of Lake Souda Island. This is consistent with the results of a study of Awari
and Mulla (2010).

3.3 The Characteristics of Sediment Organic Mangrove Community of El-Souda — West Island Kingdom of Saudi
Arabia

The analysis of the following results based on the measuring of the amount of organic carbon stored in the
sediments of mangroves, both organic carbon oxidized and dissolved degeneration partly O.C or organic carbon
dissolved fully forming organic matter OM in addition to the analysis of the content of organic carbon, total TOC
stored in the sediments of mangrove. Thus, the amount of inorganic carbon in the sediments, such as salts,
carbonates does not enter within this analysis, Table 3 and Figure 9 concluded that:

Table 3. Mean values (+ SD) of the properties of organic sediment in eight sectors in the mangrove community of
El-Souda — West Island Kingdom of Saudi Arabia

%
Sector Organic matter Total organic carbon Oxidized organic carbon
oM TOC 0.C
0.8234+0.099  0.47240.061 0.353+0.034 1
0.584+0.064  0.339+0.034 0.254+0.023 2
0.180+0.018  0.105+0.012 0.078+0.008 3
0.492+0.057  0.285+0.028 0.214+0.026 4
0.311+£0.035  0.180+0.020 0.135+0.013 5
0.172+0.015  0.990+0.129 0.075+0.007 6
0.793+0.095  0.560+0.067 0.345+0.038 7
1.365+0.172  0.792+0.125 0.584+0.007 8
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Figure 9. Mean values of various organic sediments in eight sectors of El-Souda — West Island Kingdom of Saudi
Arabia

The sector 6 and sector 3 recorded the lowest rate of organic carbon oxidized OC of 0.74% and 0.078%,
respectively. This is due to the lack of decline in mangrove fully in sector 6 and the deterioration of its growth
significantly in Sector 3. Sector 8 highest recorded percentage of organic carbon oxidized amounted of 0.593%,
due to the density of vegetation of the Mangrove, and the accompanying biological activity of animals benthic, and
the increase the volume of organic waste in this sector. This is consistent with Nagelkerken et al. (2008), Furukawa
et al. (1997), who found a wide variation in distribution of dissolved organic carbon OC between mangrove
sediments, lake water and sediments of mangrove free.

Sector 1 record high percentage of organic carbon oxidized amounted to 0.353%, due to the activity of immersion
and recede, and the accompanying exchange of nutrients vital with the sea, and the large benthic fauna especially
cancers of different kinds Kristensen et al. (2011).

The values of total organic carbon (TOC) in the various sampling showed low average significantly in sector 6
(0.099%), while the percentage of 0.792% was recorded in sector 8, suggesting the existence of a significant
relationship between the abundance of total organic carbon and an abundance of mangroves trees, accompanied
with the activities of different biological in the sediment area. This is consistent with Rajesh et al. (2011), who
pointed out that the accumulation of carbon in the plant accompanied by the accumulation in the sediment in the
form of organic carbon. The existence of an exchange of materials between the sediments of mangrove and water
adjacent coastal was observed (Stefano et al., 2008; Rajesh et al., 2011), which emphasize the role of crabs, and
benthic organisms in sediment transport organic, and the effect of the tides in revenue and export of organic carbon
to and from the sediment. This may explain the reasons for increase in the rate of total organic carbon TOC
(0.472%) in sector 1 of the study area (Figure 7).

Organic matter in the soil was found to be low in Sector, 3 and 6 ranged between 0.171-0.180%, respectively,
while the highest percentage of organic matter (1.37) in the sediments of sector 8. This may be due to the intensity
of mangrove tree growth and density of plant waste, and the accompanying different biological activities of
benthic animals (Figure 10). This is consistent with Alfredan (2006) and Aaron (2008), who refers to the need to
maintain biodiversity bottom mangrove forest.

Comparing the results of soil analysis by proximity and then from a pool of mangroves Figure 11, and their
relationship to rates of dissolved organic carbon OC, the results of total organic carbon were clear with high
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relationship between the nature of the soil texture and organic sediment values, so that the greater smoothness
sediment soil increased rates of organic carbon in its various forms in general, and was clearly shown in soil
samples down mangrove-dominated textures silt - Celtic, especially in Sector 7 and 8, and this is consistent with
the results of a study (Najeeb et al., 2010), which indicated that soft sediment is more absorption of organic
materials than coarse sediment.

Figure 10. Models of benthic organisms in the sediments of mangrove member of the community of El-Souda —
West Island Kingdom of Saudi Arabia., plant biodiversity (a&b)
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Figure 11. The strength of the soil in eight sectors of the preview by dimension and proximity to the scope of
mangrove of El-Souda — West Island Kingdom of Saudi Arabia

This study also, showed that the mineralization and storage of organic carbon was higher in mangrove
communities highest lake (parts distant from the entrance to the lake) than gatherings mangroves near the
entrance of the lake. This is similar to the findings of Rajesh et al (2011).
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