American-Eurasian J. Agric. & Environ. Sci., 6 (3): 328-340, 2009

ISSN 1818-6769
© IDOSI Publications, 2009

Present Status and Degradation Trends of Mangrove Forests on
the Southern Red Sea Coast of Saudi Arabia

Loutfy I. El-Juhany

Prince Sultan Reseach Centre for Environment, Water and Desert,
King Saud University, P.O. Box 2454 Riyadh 11451, Saudi Arabia

Abstract: Present status of mangrove forests along the southern Red Sea shores m Saudi Arabia were
studied in terms of their structure, hazards that threaten them, mdications of their degradation and, the required
conservation through an elaborated inventory comprises different phases. For the purpose of inventory, from
"Al-Moussam" at the southern border point of Saudi Arabia to the Southern Jeddah Cornish north was
considered as the southern Red Sea coast. Mangrove forests were inventoried in two large areas, Jazan region
and Asir and Maklkah Al-Mokrramah regions. Sampling frame was designated depending on stratified random
sampling, where 6 and 9 sites were randomly chosen in Jazan and, Asir and Makkah Al-Mokrramah regions,
respectively. The mventory showed that these mangrove forests are scattered groups consist mainly of
Avicennia marina with only few groups of Rhizophora mucronata. Tree density was higher m Jazan region
than in Asir and Maklcah Al-Molkrramah regions but, the size of trees were greater in the former than the later.
Although the inventoried area in Asir and Maklcah Al-Mokrramah regions was approximately double that in
Jazan region, however, the total stem volume m the former was only 57% of that in the later. The growth of the
trees 1s very poor because they have been subjected to many anthropogenic and environmental stresses such
as sand drifting, extensive exploitation, discharging wastewaters in the sea, disposing rubbish on the beaches,
camel grazing, replacing by other activities such as large scale shrimp farming, die-back of trees and others.
Restoration of mangrove forests in Saudi Arabia 1s essential and should start immediately through strict
wterferences that stop degradation firstly then through adopting comprehensive and extended national projects
including conservation and reforestation measures as appropriate.
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INTRODUCTION

Mangrove forests are the characteristic littoral
plant formations of tropical and subtropical sheltered
coastlines; they generally are trees and bushes growimng
below the high-water level of spring tides [1]. There are
approximately 70 species of true mangroves of which
some 65 contribute significantly to the structure of
mangrove forests. The total area of mangroves in the
world is 181,399 sq km, with 79 mangrove species are
found in the world [2]. Approximately 15 species occur in
South-East Asia, approximately 15 species occur in Africa
and approximately 10 species occur in the America [3].
Areas of mangrove forests in Asia are found in Pakistan,
India, Bangladesh, Myanmar, Thailand, Cambodia,

Vietnam, Malaysia, Plulippines and Indonesia. In addition,
some mangrove forests occur in most other countries
located between Arabian Peninsular in the west and Japan
1n the east. About two fifth of all mangrove forests in the
world 1s in Asia [4].

Mangrove forests in Saudi Arabia are found in the
form of fragmented stands in many tidal areas onthe
Red Sea and the Arabian Gulf coast, scuth of latitude
26° north. They consist mainly of Avicennia marina
(Forssk.) Vierh. trees. On the coast of the Red Sea,
Avicenna marina is accompanied by a few examples of
Rhizophora mucronata Lam., while on the Saudi Arabian
Gulf Rhizophora nuicronata 13 very rare [5]. Mangrove
forests along the Red Sea coast of Saudi Arabia are
scattered groups spread from the southern borders with
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Yemen Republic to "Duhbah"” in the north. They do not
grow as luxuriously as most other tropical mangroves
due to conditions of high salinity, poor soil textures, low
precipitations and low nufrient concenfrations [6, 7]
Their distribution is not continuous [8] and in general
their growth is very poor as compared to deltaic areas in
the world [2].

In the past, mangroves along the whole Red Sea
coast of Saudi Arabia were dense but nowadays such
dense growth occurs only in the southern section [10].
Environmental conditions in the RSGA Region (Red Sea
and Gulf of Aden), such as temperature and salinity, are
near the upper limits for mangrove existence, which makes
them very sensitive to disturbance and can hinder their
ability to recover [11].

The present status of mangrove forests in Saudi
Arabia suggests that they have been subjected to various
gorts of disturbances that affected their growth,
distribution and the quality of their trees. Some of these
disturbances are classified as physical factors such as
sand movement but the most effective factors including
extensive exploiting by the locals in the past. In addition,
there were destructive practices to both marine and
terrestrial environments through the last three decades
such as drainage sewage on the sea, throwing away the
wastes on the seashores and the misuse of these areas
with the abzence of any kind of management for these
forests. PERSGA [11] asserted that mangroves in Red Sea
and Gulf of Aden are prone to degradation and remowval
from a multitude of developmental and exploitative
activities. They are destroved by land-filling and cleared
for the construction of shrimp ponds. They are cut for
firewood and for construction. Grazing by camels reduces
the height of mangrove frees, their productivity and their
reproductive capacity. The report of the latest survey of
79 stands of mangrove in the Red Sea and Gulf of Aden
region mentioned that 74% of them are damaged and
shrinking rapidly [12]. Indeed, the cumulative effecis of
natural and anthropogenic pressures make mangrove
ecosystem along the Red Sea coast of Saudi Arabia one
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of the most threatened environmental ecosystems in the
couniry. However, there was no conservation actions
have been carried out on the ground. The major efforts to
conserve the mangrove areas are contained in national
and regional action plans; however, the implementation of
these plans iz proceeding at very variable rates [11].

The present study aims to clarify the present status
of the mangrove forests along the southern part of the
Red Sea coastin Saudi Arabia in terms of their structure,
hazards that threaten them and indications of their
degradation and, the potential conservation. This study
was carried out through elaborated inventory and resulted
in large data. Hopefully, the informati on included herewith
can assess in preparing conservation programmes toward
saving this significant natural resource.

MATERIALS AND METHODS

Study Area: The present inventory focused on the
mangrove forests on the Red Sea coast from the southem
border of Saudi Arabia in Jazan region to the South
Cornish of Jeddah City. This comprises the whole coast
of Jazan region (in addition to Farasan archipelago) and
the whole coast of Asir region and a part of Makkah
Al-Mokrramah region (province) (Fig. 1). The whole
inventoried area accounted for 48273 km® and lies
between 16° 25 and 21° 16 North latitude and, between
39° 08 and 42° 09 East longitude. The area in which
mangrove forests were studied hag1099.79 km long.
The area wags divided into two sections from the south to
the north comprises Jazan region as the first section with
320.47 km long and, Asir region and the southern part of
Makkah Al-Mokrramah region as the second one with
779.33 km long (Fig. 1). The area of mangrove forests
inventory in Jazan region starts from "Al-Moussam" at
the southern border point of Saudi Arabia (16 25 N) to
the remotest northern point of Jazan Region at
"Rag-Massoud” (17" 33" N). The other area of the
inventory congsists of the coast of Asir region and a part
of the coast of Makkah Al-Mokrramah region and

(t)

Fig. 1: Locations of Jazan (a), Agir (b) and Makkah Al-Mokrramah (c) regions (province) within the political map of
Saudi Arabia (the Kingdom has thirteen provinces)
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starts from "Al-Gihmah" at the remotest southern point of
Asir region (17 48 N) to the Scuthern Jeddah Cornish
(21" 16 E). This dividing approach was adopted to meet
the hopefully anticipated rehabilitation of the mangrove
forests in these regions as it could be carried out
according to admimstrational concept.

TInventory: The inventory of mangrove forests on the
southern Red Sea coast of Saudi Arabia was carried out
depending on field work (ground survey). Tt comprises the
mangrove commuruties on the southern Red Sea coast
starting from "Al-Moussam" (16 25 N) at the southern
border point of Saudi Arabia with Yemen Republic
the north to the Southern Cornish of Jeddah
city (21" 16 N). The area of each inventoried site and

towards

consequently those of the two mam sections of the whole
area were obtained by the courtesy of The Space
Research Institute, King Abdulaziz City for Sciences and
Technology, Riyadh, Saudi Arabia. This work was
achieved using remote sensing through digital images
were obtained from Spot-4 Satellite for 2004 and analyzed
using the Normalized Difference vegetation index (NDVT).

Determination of Sampling Units: The number of
sampling units needed for carrying out the inventory was
determined using the equation that suggested by Shiver
and Borders (1996) [13] as the following:

n=4N 3%/ B, N+ 45%
where:
n = number of needed units,
S, = standard error of mean,

B,,=allowable error,
S? = variance and,
N = total number of sampling units m the population

Sampling Design: Sampling design depends
stratified random sampling (i. e. samples were chosen
randomly within each site). Because the inventoried area

o1l

1s large and not homogeneous, it was divided mto sites.
In each site containing mangroves within the area of
wmventory, the number of the sampling umts (plots) was
defining according to the area of the whole site,
species existed, tree density, position of the mangrove
commurmties in relation to seawater and, the topography
of the seaside.

Before
measurements, we recorded mangrove species, tree
growth characteristics (flowering and fruiting status) and
tree destruction patterns. Following the procedures
explaned m Cmtron and Schaeffer-Novelli [14] and

Field Measurements: commencing field
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Kairo et al. [15] coordinates of each plot centre were
recorded using GPS device (Global Positioning System).
In each plot (10 x 10 m) established perpendicular to the
sea shore, the number of trees was counted, tree density
was calculated as stem per ha, total main stem height,
stem diameter at breast height (1.3 m) of all standing
living trees within the plot were measured. Total tree
height was measured using a telescopic hypsometer while
diameter was measured by a stainless steel tree caliper.
The stem volume of each tree was only roughly estimated
by multiplying the basal area (cross-sectional area) by the
total height, which was then multiplied by 1 to adjust for
the error in assuming cylinder geometry [16]. Number of
seedlings in each plot was also counted.

Sampling Frame: The present inventory comprises the
mangrove forests from the southern far point of Saudi
border at "Al-Moussam" by the Red Sea coast to the
last pomt of the northemn borders of Jazan region at
"Ras-Massaud." As the mangrove forests of Saudi Arabia
in general are scattered groups spread on the Red Sea
coast, this section was divided into five groups (sites)
(in addition to Farasan Island as one site); each included
several plots representing the sampling frame with
28 plots (Table 1).

Similarly, the sampling frame of the northern section
(comprises Asir and Makkah Al-Mokrramah regions) was
divided into nine groups (sites) included 37 plots
(Table 2). The sampling frame of the whole inventoried
area included 15 sites represented by 65 sampling plots.

Data Treatment: The collected data was analyzed using
SAS computer programme [17]. Mean and sum of each
variable (number of trees, number of species, stem
diameter, stem height and stem volume) m each plot and
in each site were calculated.

RESULTS

Results of Mangrove Inventory: The whole area
inventoried accounted for 1099.79 km long and covered an
area of 4, 827, 3 Km’. The actual area of mangrove forests
covered an area of 36.15 km’. 35.33% of this area was in
Tazan region {12.77 Km?), while the rest (64.67%) was in
Asir and Makkah Al-Mokrramah regions (23.38 Km?®).
These figures were calculated from the digital data of
Spot-4 Satellite for 2004 using the Normalized Difference
vegetation index (NDVT), which was carried out by the
Space Research Institute, King Abdulaziz City for
Sciences and Technology, Riyadh, Saudi Arabia.
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Fig. 2: Mangrove inventory areas on the southern Red Sea coast including Jazan region, section (1), Asir and Makkah
Al-Molkaramah regions, section (2), with latitudes and longitudes

Table 1: Location and coordinates of the sampling plots of mangrove inventory in Jazan region

Coordinates
Site Plot no. Plot location Latitude (N} Longitude (E)
Al-Sihaie 1 Al-Sihaie-1 162511 42 46 28
2 Al-Sihaie-2 1629 00 4246 47
3 Al-Shatamrah 16 34 14 424705
4 El-hasahees beach 163529 4243 14
Al-Magaad 1 North Magaad 16 40 05 42 44 08
2 Khour Goag 164117 42 43 50
3 Al-Thahabain 1641 34 4243 02
4 Khour Al-Thahabain 1642 37 4242 52
Al-Madhaya 1 Al-Madhaya-1 16 44 07 4241 35
2 Al-Madhaya-2 1645 00 4241 33
3 Al-Madhaya-3 16 44 28 4241 20
4 Mersa Al-Madhaya 1643 53 424217
5 Al-Buez beach 164720 424031
Ra's Al-Tartah 1 Ras Al-Tartah-1 170222 422322
2 Ras Al-Tarfah-2 1702 26 422315
3 Ras Al-Tarfah-3 170242 422311
4 Ras Al-Tarfah4 1708 38 42 23 06
5 Ras Al-Tarfah-5 171018 42 22 25
6 Al-Gouze 1709 13 42 26 00
Baish- Al-Semirat 1 Baish-1 (Ashiaeb) 172117 421951
2 Baish-2 172011 421915
3 Baish-3 (Al-Humaisah) 172716 4218 24
4 Baish-4 (Beer Aukmsh) 172715 421739
5 Al-SBemirat-1 (Al-Jarah) 173221 4212 09
6 Al-Semirat-2 (Ras Massud) 173343 42 09 30
Farasan Island 1 Al-Gandal 164739 42 06 31
2 Shoura beach-1 1648 34 4204 13
3 Shoura beach-2 1649 25 4204 21

Table 2: Number of sampling units, number of trees and seedlings and their percentage of total Jazan and tree density in the mangrove forests in Jazan Region

No. and percentage of trees

No. and percentage of seedlings Area of the site

Tree density
Site No. % {stem ha ™'} No. % km? % of total region area
Al-Sihaie 43 14.43 1075 37 11.67 0.36 2.82
Al-Maga'ad 13 4.36 325 53 16.72 0.54 4.23
Al-Madhaya 61 2047 1220 87 27.44 2.62 20.50
Ras Al-Tarfah 106 35.57 1767 55 17.35 6.45 5047
Baish-Al-Semirat 44 14.77 733 84 26.50 2.80 21.90
Farasan Island 31 10.44 1033 1 0.32 Not included
Total Region 298 100 1025.5 317 100 12.77 100
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Table 3: Location and coordinates of the sampling plots of mangrove inventory in Asir and Makkah Al-Mokrramah regions

Coordinates

Site Plot no. Plot location Latitude (N) Longitude (E)
Al-Gihmah 1 Sharm El-Taanah 17 48 34 415227
2 Jabal El-Ragabah 174841 41 5327
3 Meghazzal 17 58 25 414111
4 Al- Gihmah beach-1 1800 01 41 4032
5 Near Jabal Wasm 18 00 01 41 4039
6 Al- Gihmah beach-2 18 01 05 414011
7 Al-Meshahedeen 1803 17 413907
Al-Berk 1 Dahban-1 18 04 08 413608
2 Dahban-2 18 06 14 413501
3 Dahban-3 18 09 17 413417
4 Zahran beach 181720 413126
5 Al-Mahajeen 1820 31 412811
6 Suban 1826 04 412712
7 Emeg 1827 15 412701
Al-Gunfuthah South 1 Um El-Houar-1 182918 412526
2 Um El-Houar-2 1828 10 41 2530
3 Al-Jemiat 18 50 35 41 14 52
4 Al-Wadih beach-1 1902 39 411025
5 Al-Wadih beach-2 1902 13 41 0944
Al-Gunfuthah North 1 Hemeg beach-1 191315 413212
2 Hemeg beach-2 1914 35 4103 26
3 Abulnour 1918 13 4101 28
4 Al-Malawhah-1 193029 405815
5 Al-Malawhah-2 1932 30 405616
Ras-Mehesin 1 Al-Thahab-1 1936 16 4048 30
2 Al-Thahab-2 19 44 33 4048 30
3 Mersa Al-Masaeed 193705 404843
4 Ralam El-Zawahir 19 47 36 404517
Ras Um-Rubaise 1 Ras Um-Rubase-1 1947 23 403832
2 Ras Um-Rubase-2 1945 37 4041 08
3 Ras Um-Rubase-3 19 45 37 4042346
4 Ras Um-Rubase-4 19 44 39 403839
Al-Rakah 1 Al-Rakah-1 200221 4026 00
2 Al-Rakah-2 2003 24 402507
Al-Laith North 1 Khour El-8 oudah 203241 393723
2 Al-Shiabah 2044 59 393021
Jeddah South Cornish 1 Southern Jeddah Cornish 211616 390811

Jazan Region: According to the sampling frame of the
present inventory, Jazan region comprises six sites
included 28 sampling plots in which trees were measured.
The number of the sampling plots in the region ranged
between three in Farasan Island and six in both Ras
Al-Tarfah and Baish-Al-Semirat (Table 1). The main
mangrove species found in all sites and plots of Jazan
region is Avicennia marina apart from two community of
Rhizophora mucronata occurred in two sampling plots
in Baish-Al-Semirat and Farasan Island; at a rate of
4.55 and 12.90% of the total number of trees in both
sampling plots, respectively. In addition to these there is
a small community on the far end of Ras Um Rubaise in
Makkah Al-Mokrramah region.
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208 trees were measured m all the sampling
plots and ranged between 13 trees in Al-Maga'ad
and 106 trees i1n Ras Al-Tarfah. 317 seedlings
were found all the sampling plots
ranged between one and 87 seedlings in Farasan
Island and Al-Madhaya, respectively (Table 2). Tree
density in the sites ranged between 325 and
1767 trees ha™' in Al-Maga'ad and Ras Al-Tarfah,
respectively; with a mean of 1025.5 trees ha™" for the

in and

whole Jazan region (Table 2).

The area of mangrove m Jazan region ranged
between 0.36 and 6.45 Km? in Al-Sihaie and Ras Al-Tarfah,
respectively; represented 2.82 and 50.47 per cent of the
total mangrove area in Jazan Region.
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Table 4: Number of trees, number of seedlings and their percentage of total area and tree density in Asir and Makkah Al-Mokrramah regions

No. and percentage of trees

No. and percentage of seedlings

Area of the site

Tree density
Site No. % (stem ha™) No. % km? % of region area
Al-Gihmah 82.0 6.51 1367.0 82.0 31.78 7.22 31.21
Al-Berk 231.0 1833 2888.0 47.0 18.22 6.55 2831
Al-Gunfuthah south 43.0 341 1433.0 30.0 11.63 1.40 6.05
Al-Gunfuthah north 287.0 22,78 5740.0 41.0 15.89 1.30 5.62
Ras-Mehesin 95.0 7.54 23750 44.0 41.00 1.31 5.66
Ras Um-Rubies 110.0 873 2750.0 1.0 0.39 0.35 1.51
Al-Rakah 66.0 5.24 3300.0 13.0 5.04 1.00 4.33
Al-Laith North 39.0 3.10 1950.0 0.0 0.00 4.00 17.29
Jeddah South Cornish 307.0 24.37 30700.0 0.0 0.00 0.25 0.02
Total Regions 1260.0 100.00 5833.7 258.0 100.00 23.38 100.00

Table 5: Mean diameter, height, volume of mangrove trees and total tree volume of trees within in the sampling sites of Jazan region

Mean tree diameter Mean tree height Mean tree volume Tatal tree volume
Site (cm tree™!) (mtree™!) (m? tree™") (m’ site™!)
Al-Sihaie 6.76 2.24 0.016 0.690
Al-Magaad 14.57 512 0.107 1.492
Al-Madhaya 879 413 0.044 2.681
Ra's Al-Tarfah 7.53 3.70 0.023 2.454
Baish- Al-Semirat 17.62 6.54 0.187 8.248
Farasan Island 9.46 4.85 0.060 1.978
Region 10.79 443 0.073 17.543

Table 6: Mean diameter, height, volume of mangrove trees and total tree volume of trees within in the sampling sites of Asir and Makkah

Al-Mokrramah regions

Site Mean tree diameter (cm tree™) Mean tree height (mtree™)  Mean tree volume (m?’ tree™!)  Total tree volume (m’ site™)
Al-Gihmah 7.82 2.94 0.0206 1.6914
Al-Berk 7.82 2.90 0.0165 3.8000
Al-Gunfuthah south 5.39 1.59 0.0070 0.2991
Al-Gunfuthah north 3.55 1.46 0.0035 1.0082
Ras-Mehesin 6.14 2.28 0.0136 1.2943
Ras Um-Rubaise 5.69 2.78 0.0079 0.8732
Al-Rakah 3.24 1.51 0.0016 0.1041
Al-Laith North T.76 3.39 0.0245 0.9537
Jeddah South Cornish 2.95 0.50 0.0002 0.0562
Region 5.60 2.15 0.0114 10.0802

Asir and Makkah Al-Mokrramah Regions: Asir and
Makkah Al-Mokrramah regions comprise mne sites
included 37 sampling plots in which trees were measured.
The number of the sampling plots ranged between one in
South Jeddah Cormish and seven in both Al-Gihmah and
Al-Berk (Table 3).

Avicennia marina was the dominated species
in all sites of the region except in Ras Um-Rubaise
where a small community of Rhizophora mucronata
occurred.

1260 trees were measured in all the sampling plots
and ranged between 39 trees in Al-Laith North and 307
trees in South Jeddah Cornish.

258 seedlings were found in the sampling plots
and ranged between none in both Al-Laith North
and South Jeddah Cormsh and 82 seedlings in
Al-Gihmah, respectively (Table 4). Tree density in the

sites ranged between 1367 and 30700 trees ha™' in
Al-Gihmah and South Jeddah Cormish, respectively
with a mean of 5833.7 trees ha™ for the whole inventoried
area in both regions (Table 4).

The area of mangrove n Aswr and Makkah
Al-Mokrramah regions ranged between (.25 and 7.22 Km?®
1n South Jeddah Cornish and Al-Gunfuthah, respectively;
represented 0.02 and 31.21 % of the total mangrove area
1n these Regions, respectively (Table 4).

Tree Dimensions and Stem Volume: In Jazan Region, the
mean diameter of mangrove trees ranged between 6.76 cm
in Al-Sihaie and 17.62 ¢cm in Baish-Al-Semirat, with a mean
of 10.79 em for the whole region. While mean tree height
ranged between 2.24 m in Al-Sihaie and 6.54 m in Baish-
Al-Semirat, with a mean of 4.43 m for the whole region
(Table 5).
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Rhizophora wmiicronata trees in Baish-Al-Semirat

" and

have stem diameter and height were 7.75 cm tree™
6.50 m tree™
Island have 5.5 cm tree™ and 4.23 m tree ' as averages,

respectively.

as averages, while those in Farasan

Total tree volume in the sites ranged between 0.69 m’
in Al-Sihaie with amean of 0.016 m’ tree ™ and 8.248 m’ in
Baish-Al-Semirat, withamean of 0.187 m?® tree ™. Total tree
volume in the region as a whole accounted for 17.543 m’,
with a mean of 0.073 m” tree ' (Table 5).

In Asir and Makkah Al-Mokiramah regions, the mean
diameter of mangrove trees ranged between 2.95 cm in
Southern Jeddah Cornish and 7.82 ¢m in both Al-Gihmah
and Al-Berk, with a mean of 5.60 cm for the whole region.
While mean tree height ranged between 0.50 m in South
Jeddah Cormsh and 3.39 m in Al-Laith North, with a mean
of 2.15 m for the whole region (Table 6). Total tree volume
in the sites ranged between 0.0562 m’ in Scuthern Jeddah
Cornish with a mean of 0.0002 m® tree” ' and, 3.8000 m’ in
Al-Berk, with a mean of 0.165 m® tree™. However, the
maximum mean tree volume was that in Al-Laith North
(0.0245 m’ tree™") (Table 6). Total tree volume in the region
as a whole accounted for 10.0802 m’®, with a mean of
0.0114 m® tree”' (Table 6).

DISCUSSION

The present mventory of mangrove forests on the
southern Red Sea coast of Saudi Arabia showed that they
are valuable natural resource offered many benefits and
services to the local and regional environment. This
mventory focused on two parts of the southern Red Sea
coast of Saudi Arabia. Firstly, the distance from the
southern far point of Saudi border at "Al-Moussam" to
the last point of the northern borders of Jazan region at
"Ras-Massaud”, in addition to Farasan Island. Secondly,
the distance from Al-Gihmah; the first district belongs to
Asir region and adjacent to Jazan region up to South
Jeddah Cornish in Makkah Al-Molkarramah region. As the
mangrove forests of Saudi Arabia in general are scattered
groups spread on the Red Sea coast and differ in their
dimensions, each part was divided into groups (sites) in
which some sampling plots were randomly chosen.

The main mangrove species found in the whole
mventoried area was Avicennia marina Forssk. Vierh.,
with only three small communities of Rhizophora
mucronata Lam. in Farasan [sland and Baish-Al-Semirat
(Jazan region) and Ras Um Rubaise (Makkah Al-
Mokrramah region). This result concurs with the finding
of Price et al. [18] that along the Saudi Arabian Red Sea
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coast significant stands of Avicennia marina occur while
Rhizophora mucronata 1s much less widespread than
Avicennia marina. Presidency of Meteorology and
Envionment [19] stated that Rhizophora mucronata,
found only at six sites. They are found in such areas as
broad coastal plains, protected shores, over shoals and
spits and m lagoons. This may be because Avicennia
marina is a hardy species that grows in extreme climate
conditions. Tt is the only species of mangroves which can
tolerate desert climate [20], such as that prevalent in
western Saudi Arabia [21]. Rouphael et al [22]
mentioned that species of mangrove also have specific
requirements that influence their
distribution. For example, Avicennia is more tolerant of
high saline conditions (60- 65%c) than Rhizophora.
Barratt ef al. [23] suggested that this 1s one reason why
Avicennia dommates the northern Red Sea coast of
Yemen where the interface between fresh and salt (sea)
water oceurs inland of the coast.

environmental

In an attempt to find out the causes of the existence
of specific species composition in a mangrove stand,
Alongi [24] stated that "for mangrove forests, stand
composition and structure are the result of a complex
interplay of physiclogical tolerances and competitive
interactions leading to a mosaic of interrupted or arrested
succession sequences in response to physical/chemical
gradients and changes in geomorphology.”

The actual area of mangrove forests covered an area
of 36.15 km? (3615 ha). 35.33% of this area was in Jazan
region (12.77 Km?), while the rest (64.67%) was in Asir and
Makkah Al-Mokrramah regions (23.38 Km?®). In this
regard, Saenger [5] mentioned that the estimated area of
mangroves on the Red Sea shore 1s about 200-6 000 ha.
It seems that he was talking about the whole Red Sea
shore in Saudi Arabia. Presidency of Meteorology
and Environment [19] reported that Saudi Arabia's
Red Sea coast on the west stretches to approximately
1760 kilometers, while its eastern coast on the Gulf covers
650 kilometers, including 35 sq. km of mangroves.

The number of trees measured in Asir and Makkah
Al-Mokrramah regions was more than four times as much
as that measured in Jazan region. This was a result of the
increase 1n the number of sites n the former comparing
with that in the later. The length and area of the
inventoried sites in Asir and Makkah Al-Mokrramah were
2.5 and 1.8 times as much as those in Jazan region,
respectively. Approximately, fourth of the number of trees
measured in Asir and Makkah Al-Mokrramah regions was
in South Jeddah Cornish site only. However, the number
of seedlings found was higher mn Jazan than in Asir and
Makkah Al-Mokrramah regions.
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Tree density in the inventoried sites ranged
between 325 and 1767 trees ha ' and between 1367 and
30700 trees ha™ in Jazan and Makkah Al-Mokrramah
regions, respectively. Mandura ef af. [6] mentioned
that the density of trees in Midaya (in Jazan region) was
25 trees per 100 m* (=2500 trees ha™"). The density of
Avicennia marina varied from 11 plants/1000 m’
(110 trees ha™") at Tabal Wasm (near Al-Quhma) [18]. This
figure seems very low comparing with that obtained in the
present study for Al-Gihmah site which was 1367 trees
ha™ as an average of the tree density of six sampling
plots, ranged between 500 and 3100 trees ha™'. This
discrepancy may be a result of the variation in the chosen
sites for measurements or the method of carrying out the
inventory. In general, the figures show that there is an
mcrease 1n the density towards the north. This result 1s in
accordance with the finding of PERSGA/GEF [25] that the
density of Avicennia marina showed a general decrease
southward, possibly because the mcreased plant size and
shading towards the south allows growth of fewer plants
per unit area.

The size of mangrove trees was larger in Jazan region
than that in Asir and Makkah Al-Molaramah regions.
The means of stem diameter and height of the trees were
10.79 cm tree™" and 4.43 m tree™ in Jazan region compared
with 5.60 cm tree” " and 2.15 m tree " in Asir and Makkah
Al-Molcrramah regions, respectively. Salinity may also be
a factor affecting mangrove height, as suggested by the
negative correlation between the two in a previous
study [18]. Mandura et al. [6] reported that tree height
was 1.03-3.31 m for the mangrove commumty i Midaya
(a site in Jazan region) which is much less than the figures
we obtained for the same site in the present study and

"and 4.13 m tree™ ' for mean stem

were 8.79 cm tree”
diameter and height, respectively. Avicennia marina trees
had an average of 6.9 cm tree™ and Red Sea mangrove do
not grow as luxuriously as most other tropical mangroves
due to high salinity, poor soil texture, low precipitation
and low nutrient concentration [6, 7].

Consequently, the observed variation m the size of
trees between Jazan region and Asir and Makkah
Al-Mokrramah regions may be a result of the increase
salimty level of the sea water in the later comparing with
the former. Unfortunately, there is no even a single river
m the entire Saudi Arabian Red Sea coast region.
However, instead a number of wadis occur in the area.
These are ephemeral rivers which collect water from
adjacent mountains during occasional rains and flash-
floods and bring it to the plains and eventually to the
seashores, along with the alluvium. The southern region

335

is rich in such wadis. All the mangrove stands are located
close to the opming of dramnage channels of these wadis
[6]. PERSGA [26] stated that while mangroves are found
scattered along much of the Red Sea coast, the major
concentration is in the southern Red Sea where factors
such as increased sediment create an enviromment more
conducive to their development. The extent of a particular
mangrove stand, in general, is related to the number of
wadis feeding 1t [6]. Por et al. [27] suggest that in Sinai
(Egypt) salinity is probably the main factor restricting the
number of mangrove species.

Wood volume of tree stem ranged between 0.016 and
0.187 m’ tree ! in Jazanand, between 0.0002 and 0.0206 m?
tree”" in Asir and Makkah Al-Mokrramah regions. The
highest tree volume in Jazan was that in Baish-Al-Semirat
with 8.248 m’ (137.47 m’ha™"), representing about half
the total volume of the region. In Asir and Makkah
Al-Mokiramah regions, Al-Laith North site has the
highest tree volume with 0.0245 m’ tree™"; this may due to
its larger trees comparing with those in the other sites.
The mean stem diameter and height of the trees 1n this site
were 7.76 cm and 3.39 m tree™’, respectively. Price ef al.
[18] reported that the largest mangrove stands were
observed at five locations mcluded Al-Quhma where
plants of 5-7 m high were recorded. Moreover, Saenger [5]
mentioned that the tallest mangrove trees (6 m height) are
located in Al Qahmah. In the present study, the mangrove
trees in Al-Gihmah site had mean stem diameter and
height were 7.82 cm tree ™ and 2.94 m tree™', respectively.
The mean tree volume in this site was 0.0206 m® tree™", but
the greatest total tree volume mn Aswr and Makkah
Al-Mokrramah regions was that in Al-Berk site which
accounted for about 38% of the total tree volume of the
regions.

The mean stem volume of the mangrove trees in
Tazan sites was more than six times as much as that in Asir
and Maklcah Al-Molaramah regions. This is a result of the
existence of small size trees in more than one site in Asir
and Makkah Al-Mokrramah regions such as those in
Al-Gunfidah (south and north), Al-Rakah and Jeddah
South Cornish, whose mean tree volumes were 0.007,
0.0035, 0.0016 and 0.0002 m® tree . On the other hand, in
Jazan region, although tree density was low, the trees
were large, however. For instance, the stem diameter of
mangrove trees i Jazan sites ranged between 6.76
and 17.62 cm tree™ in Al-Sihaie and Baish-Al-Semirat,
respectively.

Degradation of Mangroves: Tt was noticed from the
present inventory of the mangrove forests on the Red Sea
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coast of Saudi Arabia that they are small fragmented
communities. They look degraded in most sites, with low
tree density m general. The status of trees i terms of
growth 1s poor and the natural regeneration 1s very weak.
The status of the present extent of mangrove communities
suggests that they have been subjected to different
anthropogenic and environmental stresses. There are
many causes for such degradation comprises the increase
in human population and negligence. Mangroves were the
first to be cleared (because of their uselessness), filled in
and used for rubbish dumps. Tn the past several decades,
habitat destruction through human encroachment has
been the primary cause of mangrove loss [28]. This puts
mangrove forest like all tropical resources under severe
pressure [2]. Thus, mn the long-term, destruction and
degradation of mangroves will seriously affect marine
fisheries, increase coastal erosion and the impacts of
the sea on the land and lead to degradation of adjacent
habitats. Such losses are far greater, in the long rum,
than any profits to be gained from commercial and
industrial projects causing mangrove degradation [25].
Development of coastal recreational facilities and coastal
villages and shrimps aquaculture along the southern Red
Sea coast have contributed to the
Arabia's Coastal mangroves [19)].

decline of Saudi

Causes and Indications of Degradation: Sand drifting 1s
one of the natural environmental stresses that affect the
growth of the mangrove forests on the southern Red
Sea coast of Saudi Arabia. This can be seen obviously n
Ra's Al-Tarfah and Ras Um-Rubaise in Jazan and Makkah
Al-Mokrramah regions, respectively. PERSGA/GEF [25]
reported on adverse effects of sand drfting upen
mangrove stands in the Red Sea and Gulf of Aden
(including Saudi Arabia). They asserted that mass
mortality in considerable parts of the mangrove stands
appears to be a serious problem along the coasts of the
Region. Death to the uppermost and outermost branches
(‘top dying’) 15 common among trees in many severely
disturbed mangrove areas in the Region. The predominant
cause of this appears to be localized modifications in the
topography of the coastal area. These modifications
divert tidal water away from the mangroves, decreasing
water levels in the mangrove channels/lagoons and
reducing the area of mangroves inundated by tidal water
in the upper reaches of the stands. These modifications
were attributed to construction activities involving
dredging and sediment dumping on the shore and
excessive sedimentation by sand dunes that has buried
and closed some of the tidal channels through which
seawater flows into the mangroves. In many areas,
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degradation of the mangrove and terrestrial vegetation
has lead to reduced trapping capacity, allowing increased
movement of sand dunes from land.

The other factors that affecting the growth and
survival of the mangrove communities are the extensive
explottation by locals. These mclude the destructive
practices to both the marine and terrestrial environments
such as over cutting (in many sites), discharging wastes
in the sea(e. g South Jizan city, Farasan Tsland,
Al-Malawhah and Jeddah South Cornish) and disposing
rubbish on the beaches, in particular in the fishing Mersas
and Fishermen’s villages (e. g. Al-Madhayah, Baish-Al-
Semirat and Jeddah South Cornish). There 1s no doubt
that such practices cause environmental perturbation that
may affect many organisms' life. UNEP [29] reported that
the discharge of untreated sewage effluents produces
long-term adverse unpacts on the ecology of critical
coastal ecosystems 1n localized areas due to the
contribution of nutrients and other pollutants. The
potential effects of toxic substances in the marine and
coastal environments include the destruction of fish and
other wildlife leading to a loss of biodiversity, decrease in
productivity of mangrove [29].

The affected mangrove stands are dominated by
stunted, multistemmed trees. Branched, twisting and dead
preumatophores are common (PERSGA/GEF. 2004). These
features are obvious in the mangrove of south Jeddah
Corniche which is the smallest stand that has so far
reported on the red sea. All the plants of the stand are
Avicenna marina and do not have a clear tree form, but
are like bushes with trunks almost covered on all sides
by branches and foliages. However, this negative impact
on the stand 1s, at least in part, due to receiving
discharges of domestic sewage and industrial wastewater
from the nearby large treatment plant [30]. The stand is in
an area that has been subject to a high inflow of nutrients
from largely untreated sewage effluent for more than
20 years.

Moreover, Lauri and Gibson [31] asserted that over
time, environmental stress can kill large numbers of
mangrove trees. However, mangroves posse high
capacity to retain pollutants which probably attributed to
their anaerobic conditions, periedically flooded by tides
(which resulted in fluctuation of salinities) and high clay
and organic matter content [32]. Therefore, discharging
wastewater to the mangrove ecosystem may have a
beneficial effect on their productivity, particularly in areas
where nutrient status is low [33]. Part of this area has been
proposed as a Natural Reserve in NCWCD's System
Plan for Protected Areas, however, no conservation
measures have been taken [25].
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Large areas of mangroves are being cut and replaced
by other activities such as large scale shnimp farming
(e. g. Al-Sehaie and Al-Shuaibah). In the later, there are
presently local threats from small-scale cutting of
mangrove and grazing by camels, but plans to develop
shrimp farms in the future are a critical threat to the
mangrove. The area is not proposed for protection in the
NCWCD System Plan for Protected Areas [34]. Kairo et al.
[35] postulated that a major threat to mangrove wetlands
is their conversion to areas of aquaculture. Commercial

shrimp farms have been reported to cause devastation to
the coastal environment, particularly to mangrove habitats
that are often favoured for shrimp farms. However, Shrimp
farmmg does not have to pose an environmental
threat, provided that environmental precautions are
considered [25].

Mangrove communities are threatening by changing
the nature of the sea shores through excavating and filling
up (e. g Farasn Island, Al-Malawhah and Khor Abu-
Doudah). Mandura and Khafaji [36] reported severe
effects on the mangrove stand of Khor Farasan during the
establishment of a sea port in the Island which included
building up pier, mersa, car parks, boat and heavy duty
workshop, etc. Developments of coastal recreational
facilities and coastal villages have contributed to the
decline of Saudi Arabia's Coastal mangroves [19].

The worse and dangerous threat 1s the continuous
camel grazing (every day) in all the sites over all the whole
mangrove 1nventory areas. Camel grazing led to
destroying the growth of trees. If the browsed tree was
large it will loss most of its new growths; leaves and
twigs. Thereafter, the form of the tree will change from
spreading to umbrageous shape as a result of camel
grazing from lower part to the top of tree. If the tree was
small or still young it will become dwarf and weak and,
both the old and young or the large and small trees will be
subjected to pest infestation. Many insects were
observed on and around trees during the present
mventory. Camel grazing 1s an addition factor limiting the
extend mangrove development 1 the Red Sea, as it was
observed at the majority of the southern region causing
large areas have already been destroyed and degraded
[37. 38]. Grazing by camels 1s the primary agent in
degradation of accessible mangrove locations [39]. Die-
back cases were observed on Awvicennia marina trees in
different sites, while the entire death of trees was more
widely spread. Large trees were seen dead in many sites
of all the inventory regions (e. g. Al-Maga’ad, Baish Al-
Semirat, Al-Laith north).

Moreover, mcluding
temperature, salinity and rainfall also are important key

envirormental  factors,
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determinants that have a strong influence over the
growth, survival and distribution of mangroves [40].

The conservation and restoration of mangroves

have m recent years become a priority of many
government and non-government orgamzations [41,
1, 42, ef. 43). Unfortunately, there i1s no mangrove
conservation programmes or management plan have
been lunched so far in Saudi Arabia. However, some
efforts are being done through The National Commission
for Wildlife Congervation and Development (NCWCD).
Their activities include rehabilitation of some degraded
mangrove areas via growing seedlings in the nursery,
which mostly 1s located in sea water by the beach.
However, seedlings in the nursery are subjected to
encroachment by sea water and/or to pollution either from
industrial or municipal sources [44].
Restoration Required: The presented status and
degradation trends of mangrove forests i the southemn
Red Sea coast of Saudi Arabia suggests that an immediate
restoration action has to be taken over sooner not later.
This means returning the former mangrove forests area to
their previous status before degradation through planting
seeds and producing seedlings (artificial regeneration) or
encouraging natural generation. In severely degraded
ecosystems, regeneration of mangrove vegetation might
not oceur without human mtervention because natural
regeneration replies on naturally occurring propagules of
mangroves [28].

Stop mangrove degradation or at least mitigate the
adverse effects of the present misuse should be considers
a top priority. Therefore, protection of the degraded and
not degraded areas may be the first step to be carried out
through preventing all the encroachment upon mangrove
forests. This should goes along with
generation on the causes for the degradation of mangrove
forests and the need for its restoration that should be
done usmg the media and other available meanings.
Macintosh and Ashton [45] suggested that first priority
should be given to conserving the remaming areas of
natural mangrove forest, especially areas supporting
mature, seedling-bearing trees. In this regard, raising
mangrove nurseries for planting in the restoration areas
should be included in any restoration project. Sustainable
management programme through the approach of
silviculture should be implemented. Mangrove restoration
will be to preserve, enhance or maintain the original
functioning of the system [46] or, at least, its conjectured
original functioning [35]. Monitoring of restoration

awareness

projects 18 essential and will require to determining the
magnitude of recovery of naturally functioning mangrove
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ecosystems during and after restoration in terms of
species development, seedling growth and growth
characteristics. The final stage in examining mangrove
restoration 1s to assess the "success" of a restoration.
Success might be judged in terms of cost and speed of
recovery of facilitated mangrove systems versus those
left to regenerate their own [47]. Therefore, given the
present condition of the mangroves sound programmes
addressing mangrove rehabilitation and conservation are
urgently needed in the Region. These should focus on
sustainable use of the resources, protection from impacts
and threats that lead to mangrove degradation and
rehabilitation of degraded mangrove areas [25].

CONCLUSION

The mangrove forests on the Red Sea coast of Saudi
Arabia consist mainly of Avicennia marina with small
groups of Rhizophora mucronata trees. In general, they
are scattered groups and their growth is poor, with low
capacity of natural generation. They have been subjected
to different forms of stresses such as sand drifting,
extensive exploitation, discharging wastes in the sea,
disposing rubbish on the beaches, camel grazing,
replacing by other activities such as large scale shrimp
farming, die-back of trees and others. They are neglected,
degraded and threatening with more degradation in the
future unless they attract deserve and adequate attention
as a urique natural resource. Mangrove degradation must
be considered a major hotspot 1ssue. The efforts should
be directed to stop the factors that cause the degradation
and, put the areas under a sustainable forest management
authority works restoratior,
conservation and development of mangrove forests.
Thus, establishing a national mangrove management plan
is essential.

to takeover toward
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