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ABSTRACT 

In 1983 the authors visited the Jeddah Corniche. At thaT time mosT 
of The coasTal area of Jeddah City was nafliral and sandy beaches 
i.-ere presenT along the entire shore excepT aT limiTed location.')' Hhere 
the coastal road ifas construcTed aT The nonhern and middle parr of 
the city. In 1999, the authors revisited the coastal zone and noTiced a 
greaT variation. 111e Corniche extended furrher sourh. mosT of the 
naTural beaches are filled. remO\'ed or replaced by constnlcrions and 
resorrs. The reefflats were filled and the land was cut for the pl0pose 
of bealtt~ficarion and resort construction. Also. the sewage plants 
started dumping into the sea at some locations along the shore. The 
indusTrial discharges are poured into the sea. Therefore, it was 
neCeSSG1)' to assess the impact oj these acriviries on The near-shore 
marine environment ol! Jeddah. The Sllccess in implementing the 
national developmenT programs, alThough adds economic benefits to 

The nations, it exen a great load on the emJironmenT. The sTraTegy oj 
the sTudy based on two approaches. The first was to collect 
injonnation on the present staws of the near-shore marine 
environment, shore occupation and activities and to define the marine 
environment quality ol! Jeddah as reflected on the sediment 
composition. The second approach is to analyze the (:ol/ected 
infonnation. integrate them into one map using 'what is known as 
Geographic Injormation System or GIS and measure the impact of 
human activities on the marine environment off Jeddah. The result is 
a one-frame, multiple map. geographical(v linked data presenTation 
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that reveals the locations that are affected by human activities and the 
'iiZt of the impact. The present study has shown that the marine 
eCU:'Jystem off Jeddah City is greatly disntrbed by: 1) Constnlction 
pr"cesses of the coastal road. onshore facilities etc. 2) 
Reronjigllration processes of the shore including filling operations. 3) 
Sewage dumping. .J)Industrial wastes dumping to the sea at the 
sOl/them part of the city. 5) Shipment operations of industrial imports 
ar,d expons especially oil. 

The sludy revealed also. that there is a shrink in the coral cover 
off Jeddah betli'een the years 1986 and 2000. This decrease in coral 
corer is accompanied. undoubtedly. by decrease in the number of 
habitats dwelling the coral environment. 171e causes of slich decrease 
are the increase in water nlrbidity. depletion of dissolved oxygen 
resulting from dumping of municipal and industrial waSles and 
blooming ofalgal mats. 

]lVTRODlJCTI01'l 

Since the stress on the environment increases 'With the success in 
implementing the national development plans. It is obvious: from the 
achievements in implementing the national development plans in the Kingdom 
of Saudi Arabia (KSA) (U"NTIP/CSD, 1997), that the KSA has gone so far in 
iInplementing the development plans. As a result the rapid growth in industry, 
agriculture, urban, ..... etc, has exened a huge stress on the environment. The 
controversy DEVELOPIvIENT VERSeS ENVIRONNIENT is a major problem 
during the development stage of nations. And, KSA is no exception. 

Jeddah, the western coast major city of Saudi Arabia has grown very fast 
during the past decades in all aspects of life. The urban area is greatly 
increased. The indust!y, transportation, trade, ....etc, has been, and are being, 
developed so fast that its effect on the environment especially air and sea are 
vet:<· prominent. Therefore, it was necessary to assess -the present status of the 
manne envirorunent and detennine the degree of impact of development plans 
on the marine ecosystem off Jeddah. Studies on the marine environment off 
Jeddah and vicinity include those carried out by DurgaPrasadaRao & Behairy 
(1982), Osman (1982), El-Rayis et al. (1982), Dowidar (1983), Beltagi (1983), 
Behairy & EI-Sayed (1983), Meshal et al. (1983), BehaiI)' et al. (1983), £1­
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Sayed (1985), Basaham & EI-Shater (1994), Basaham (1998a,b), and EI-Sayed 
and Niaz (1999). All these studies are scattered and dealt with the 
environmental aspects individually. Non of these studies subjected to the 
impact of tourism and urban development on the marine environment. In the 
last two decades, the technique of satellite image processing and GIS, together 
with ground studies have been used to evaluate the status of the environment. 
This technique is used successfully to compose geographic information maps 
that hold all the variables of the environment in one easily identifiable frame. 
These maps could be used not only to identify the environmental problem but 
also to display the size and source of it. This may help in planning sustainable 
and environmentally safe development progranlS. The study's primary goal is to 
prevent further loss of marine environment and coastal biodiversity of the Red 
Sea, focusing on the near-shore marine environment along Jeddah City. This 
could be reached by viewing the sources and impacts of human activities on the 
marine environment off Jeddah and suggesting possible solutions. 

JEDDAH 
The Red Sea port of Jeddah, located mid-way along the Western coast of the 

Kingdom, is a bustling, thriving city and seaport. Its location on the ancient 
trade routes and its status as the seaport and airport for pilgrims visiting the 
Holy Cities of NIakkah and Madinah have ensured that Jeddah is the most 
cosmopolitan of all Saudi Arabia's cities. By the end of the 1970 (1391 AH), 
the population of Jeddah was estimated to be close to one million. By 1986 
(1406/07 AH), the estimated population was 1.4 million. With an estimated 
growth rate in excess of 100/0, the population by 1993 (l413/l4AH) had passed 
the tvvo million mark. The extraordinary growth of Jeddah, demanded by the 
Kingdom's development prognuns, has been achieved in a remarkably short 
period. (The eA'Pansion of the sea port's capacity is a case study of what can be 
achieved if the \.viti, the management and the resources are available.). At the 
same time. aesthetic considerations have not been ignored. Jeddah now boasts 
some of the most beautiful examples of modem architecture in the world. Tree­
lined avenues and the generous distribu]ion of bronze sculptures attest to the 
success of the city's beautification program. The Jeddah Islamic Port is the 
busiest of all the Kingdom's ports. It is the principal commercial port and the 
main port of entry for pilgrims on their way to the Holy Cities of :vlakkah and 
Madinah. In 1975 (1395 AH), Jeddah imported 2,811 ,000 ~)ns, which 
represented almost half of all imports to the Kingdom in that Y~<:lI. In 1984 
(1404/05 AH), the volume of imports reached a peak of 20,7b2,OOO tons. In 
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Figure (1) Landsat TM 2000 image showing the study area. 
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Current speed and lirection were taken from five stations at the sut.:ace and 
10 meters depth (Tar tes 1-3). This stations covered the area extend~d from 
21 °21 '23.9", 39°01' 15.5" to 21 °43'08.5", 39°04'35.2" with a dis-:ance of 
about 40 km. BetweeL the first station (station no. 1) and the last statiOIl (station 
no.5) (Fig. 2). 

FIELD RECONNAi SSA1~CE AJ."ID SA1\1PLING 
A long-shore ree Jnnaissance survey was conducted to recognize tl e coastal 

features and to dec ide the sampling sites. The urban activities ar d coastal 
installations were recorded and photographed using a stand still cam ~ra and a 
Global Positioning System (GPS) to fix the geographic positiom _ Since 
sediments are the final sink of all solid materials that enter tl e marine 
environment, they are a reflection of dle environmental quality; therefore, 
bottom sediments along Jeddah shore were collected to deten line their 
contaminants' cortent. A nwnber of sites that cover the study :rrea were 
selected for sampling ofoff shore bottom sediments. 

A total of 9 samples (Fig. 2), were collected from the selecte sampling 
sites. In very Sllallow sites, samples were manually collected usm a plastic 
scope. In deeper waters samples were collected using grab sampler. 

SED~IENT CHARACTERIZATION 
TEXTURE 

In order to determine the relative proportions of graveL sand ane mud in the 
samples, a rer resentative dried sub-sample was taken from each 3nl \'vet sieved 
using a 2 and (1.063 mm standard sieves. 

ORGANIC rtIATIER DETE&\tIINATION 
The O.C determination is carried out using dried sub-samples owdered in 

agate mortar and sieved to pass 200 mesh to ensure a complete homog ~lty. 

Organic carbon was measured using the sulphuric acid-dU lornate wet 
oxidation method firstl~ proposed by Walkely and Black (1934). 

SATELLITE IMAGE PROCESSING 
The satellite images for Jeddah city LandSat Thl (7 bands) -or the years 

1986 and. 2000 were processed to extract the information 01 ,-he changes 
occurred to the coastal area between the respective years. The proces 
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Figure (2) Location of current measurement stations (dots) 
and sediment sampling sites (triangles). 
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Table (1): Stations location of the current measurements. 

Station number Latitude Longitude 
01 21 °43 '08.5" 39°04'35.2" 
02 21°42'19.4" 39°05'05.2" 
03 21°38'44.8" 39°05'59.7" 
04 21 °29' 50.2" 39°08'05.1 " 
05 21°21'23.9" 39°07' 15.2" 

Table (2): Currents speed and direction duiing February, 2001. 

Speed (m. SO!)Station nwnber Depth (m) Direction (degrees) 
01 0 0.104 355 

10 I 0.029 , 224 : 
02 0 0.225 022 II 

10 I 0.062 062 ~ 
03 334 I0 : 

0.314 
10 :10.074 , 053 

I 

04 I 0 0.351 313 1 

10 302 
I 05 

0.081 
347 1 

I

I 

0.521,\ 0 
:~ 

II

i
i r- IO 0.411 i 329 

l 

Table (3): Currents speed and direction during August, 2001. 

Stations number Depth (m) 
~ 

Speed (m.s·!) Direction (degrees) 
01 0 0.204 129 i 

10 0.078 158 
02 0 0.292 104 

10 0.063 098 
03 0 0.367 141 I 

10 0.092 119 
04 0 0.410 232 

10 0.066 177 
05 0 0.481 

0.353 
207 

10 139 
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comprised rectification of the images so as to define the exact coordinates. The 
rectification and processing steps went as follows: 

•	 The LandSat TM image for Jeddah city (1986) was first" rectified using a 
set of admiralty charts. 

•	 The LandSat TM image for Jeddah city (2000) was then rectified using 
image to image rectification to realize complete matching of the 
coordinate systems for the 1986 and 2000 images. 

•	 The high-resolution vector maps was digitized after the rectified images 
of 1986 and 2000 and digital high resolution vector outline maps for the 
shores ofJeddah City was compiled. 

•	 Basing on area calculation the shoreline changes betvleen 1986 and 2000 
were delimited. 

•	 The gro\-\th in the metropolitan area of Jeddah between 1986 and 2000 
was outlined. 

RESULTS ..4JVD DISCUSSIONS 

THE COASTAL AREA SETTINGS 
The eastern coast of the Red Sea is approximately 2000 Km long, about 

ninety per cent of \vhich belong to the Kingdom of Saudi Arabia. Its coral reef 
community is one of the most diverse in the world. The importance of the coral 
reef as suitable environment for feeding, breeding and nursery ground for a vast 
variety of marine organisms has been recognized by several ecologists (Odum 
and Odum, 1955; Veron, 1986). However, coral reefs are seriously endangered, 
particularly in the developing co00tries, due to intensive wastewater dumping 
in the coastal waters. 

The city of Jeddah is situated at the central part of the Red Sea eastern coast: 
it is the most important urban agglomeration. Since the seventies oil crisis, the 
city is suffering an immense economic and population grovvth., three hundred 
thousand inhabitants in 1979, its population is more than two millions at 

present. Industrial activity is also expanding and includes, in addition to 
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Figure (3) Population at each district. 
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Table (4): Districts occupying the coastal zone.of Jeddah. 

District from south to North IArea square [ Population+ Population 
meters 

Area 
densitylkm2 ' squarekm

-
Al'Mahjar 7,704.158 7.704158 

~ 

96.301 12~500 
J. 

\\ 

68)46 25,0002.725848IPetromin I 2,725,848 
, 

1 

5,155 0.632476 8.151 
J! 

Al'Thaalebah 632.476 

I ++)062:197557iAl'HindaWCYYah 2,197,557 u 96,926 I~ i 
~ 

' 3.016238 30,000liAl'Balad 3,016,238 90,437 
ij ~ ~ ~ 

Ii 

I 
I 3.812389 ij 25,000iIA!'Blighdade:'yah AI'Gharbeyyah '~ 3,81l,389 95,309' 

~ 
ii 4.223-,399 105,58~ 4.223399 ! 25,000 ~ ~'RUWaiS il 
; ~~ 

'·:S.71851 :I 3.000[(l'Hammra'a -'II 5.718.510 17.155 
11 :1ii ~ 'II ,i

12.500 d5.181313i!Al'Anda1us II
II 5.181.313 II 64,766 

_IL ) 

! 20)91 5'-.047762 4,000!lftJ'Khn1edeyyah 5,047.762 I 
..L()O() ,I65,033 I 16.258~97I! Al'Shnte'e 16.258.497 

IIi ~ 
I
"ijObhur Ai'Janoubeyynh 29,435A34 Not specified 29.435434 - I~ :, 

i 

! 
II 73.092-1- 16 10.002!jo'bhur Al'Shama1eyyah 73.092.416 
ij 

731J192 
II ~ ====.:t 

.., thousands For locatIOn see figure (2) 

The coastal area was subjected to several processes of reconfiguration and 
reconstruction. In] 978 (Plate 1) most of the coastal are was natural and due to 
the increasing demand for tourism and recreation facilities, the government has 
been obliged to fill part of the near-shore zone so as to increase the aesthetic 
value and beautify the landscape. To protect the coastal road against erosion 
the seaward margin was reinforced with boulders and blocks. The filling, 
reconstruction and reconfiguration processes have affected, W1doubtedly, the 
nearby marine ecosystem leading to deterioration of the marine environment. 
The area of filling as calculated from the satellite images between 1986 and 
2000 is about 1335 square meters along the entire coastal area Figure (5) 
shows areas of filling between 1986 and 2000 as digitized from the satellit~ 

images for the respective years. As a demand for the increasing urban arr! 
industrial development, four wastewater treatment plants were established to 
serve the city. AI Khumra station of water treatment is the most important. 
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Sbarm Obbur north of Jeddah
 
2000
 

Laodsat 1M 2000
 

Sbarm Obbur oorth of Jeddah
 
1978
 

Aerial pbotogJapb (Bemc:rt aDd 0nD00d 1981)
 

Plate (1) The plate shows the increase in urban areas at Shann Obhur 
north of Jeddah between 1918 and 2000. 
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Figure (5) The areas of filling and cuttings along the northern Corniche 
between 1986 and 2000. 
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lIt was constructed at the southern end of the city at Ghorab island to receive 
140,000 cubic meters per day of wastewater.'· Due to the increase of the 
population the capacity of the station has recently been increased to receive 
80,000 cubic meters. However, the station is actually receiving more than its 
capacity (>120,000 cubic meters daily~ EI-Sayed and Niaz, 1999) and at least 
20 to 80 thousand cubic meters are daily by-passed without any treatment. The 
tnixture of treated and untreated sewage is dumped into the coastal area south 
of the city .The dumping site is bordered southwards by natural islets and 
artificial sand barrier which forces the effluent water to disperse westward 
towards the open water. In a recent study (El Sayed and Niaz, 1999), it has 
been shown t1.at the waste effluent carries daily approximately nine tons of 
suspended solids that carry great amounts of metallic and organic (organ.ic 
detritus, aromatic hydrocarbons) contaminants. In addition to that, Al' Arbaeen 
lagoon wastewater treatment piant discharges large arnount of W1treated sewage 
to the lagoon causing a disastrous effect on the marine environment. A local 
less sewage outlets are distributed along the northern part of the coastal road to 
serve hotels, restaurants, resorts and the private summerhouses. Al'TahJeyyah 
(Desalination) Plant pours its water directly to the sea. This high saline, high 
temperature and higrJy turbid water changes the physical properties of the near­
shore environment 3J.ld affects the entire marine habitats. Jeddah Islamic Port, 
vvruch is the most important and active port along the entire Red Sea., receives 
and exports huge quantities of materials, goods and oil. The shipping and 
loading activities result in discharging large amounts of contaminants to the 
marine environment falling during the shipment operations. in addition to the 
ship's garbage dumped to the sea regardless of regulations concerning this 
aspect. 

SURFACE CURRENT STUDIES 
The surface flow and its variability in the Red Sea is, one of the desirable 

field of research. 

This surface flow in most of time and in many places, coincides well with 
the wind regime. The water exchange between the Red Sea and the 
~lediterranean Sea via the Suez Canal is insignificant, while the exchange 
between the Red Sea and Gulf of Aden through the Strait of Bah El'l\tfandab is 
significant. This exchange is not a simple, its very complicated by the wind 
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over the Red Sea & Gulf of Aden, and the water specifications of this two 
basins (Quadfasal and Baunder, 1993). 

North of latitude 20oN, the surface flow was to the north-northwest 
direction,. only in winter, i.e. against the wind direction (Patzen, 1972). 
Thompso~ (1939) emphasized that the shifting \vind field over the Red Sea has 
the greatest influence on its circulation. NeU1TIann and I'vfcGill, (1962) suggested 
that evaporation is L1e major factor affecting circulation especially in early 
summer. 1v10rcos (1970) stated that, the currents of the Red Sea are weaker at 
the times of change of the monsoons, April, May and October, where at this 
time there is a little or no flow through the Strait of Bah El'Mandab. Except 
during the transitional months, the currents in dle Southern Red Sea are always 
greater than that in the Norrhern Red Sea. 

During Febnlary 1963, [vIaillaI'd (1971) a.T1alyzed the lateral m1d longitudinal 
hydrographic structure of the Red Sea., she concluded that the circulation at that 
time consisted of series of large eddies, causing strong cross cun·ents. During 
summer season. a nort..hward tlow exists along the Arabian Coast in the 
Northem part. aJld a south\vard flow exists along the African Coast (Gerges a.nd 
Soliman. 1987). Hassan and EI-Nadie, (1994) showed from the computations 
of geostrophic currents during early· summer in the Red Sea that a swface layer 
of depth 50 meters flow northward alOI1Q the Eastem Arabian Coast of the Sea 
',vith ~ average veiocity of about 0.17- m.s'! , and m the sarne layer another 
sout1ward How of average velocity 0.39 m.s·!, \vas observed along the African 
Coast. The current speed and direction at the !\Va levels are shown by the length 
and direction of the arrow'S in the area (Figs. 6, 7, 8, and 9). It is seen that the 
surface currents in February, 2001 is directed to northwest at stations 3, ..1.. and 5 
while it is directed to north and northeast at the stations 1 and 1 respectively. 
The average velocity of that currents covering this area is of about 0.3 m.s·1 

(Fig. 6). The current at 10 meters depth (Fig. 7) directed to northwest at the 
stations -+ & 5 and variabie at the other three stations (northwest and southwest). 
During August 2001 the surface currents oscillated between southwest and 
southeast directions (Fig. 8), whiie directed to south-southeast at 10 meters 
depth (Fig. 9). It is observed that the current velocities at the-.southem .stations 
is greater than that at the northern stations. The average velocities in summer is 

lof -about 0.35 m.s· greater than that in \vinter. Th; results of the measured 
currents in winter approximately compatible with the general accepted 
circulation in the Red Sea during this period, while in summer season the 
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picture is different where there no systematic .,pattern of current is observed 
because of the local winds covering the area or from the coast configurations. 

It needs a comprehensive continuous record of the current data to explain 
clearly surface flow in that area. 

THE TVlARINE ENV1R01\TMENT OFF JEDDAH 
The coral reef en-virOIilllent along Jeddah coast is a typical fringing reef 

(NIontaggioni et al., 1986). The typical fringing reef consists of a series of 
distinct zones at different depths and positions across the reef 

THE ENVIRONMENT QUALITY 
SEDIMENT DESCRIPTION 

Sand sized materials are predomina..l"lt in the souThern and northern Corniche 
areas (average 82 and 86 % respectively). On the other han~ mud rich 
sediments are mostly found in the reiatively sheltered areas. Supply of sand 
and gravel along Jeddah shore zone is the product of extensive erosion of reefal 
limestone offshore barrier and coastal terraces bordering the coastline. 
Microscopic examination of the coarse grained 1iacrion showed that it is 
generally composed of benthic foraminifera shell fragments of mollusks, coral 
fragments, peloids, red and green algae in addition to detrital material 
composed essentially of quartz, feldspars and some heavy minerals. 
ORGANIC MATTER CONTE~l 

Organic matter accumulati.l1g in marine sediments is the result of the balance 
benveen organic matter production and mineralization. The oligorrophi c nature 
of the Red Sea results in a low organic productivity. Therefore, when the 
carbon cycle IS not disturbed~ low carbon content is expected to accunmlate in 
the bottom sediments. This is evidently the case in the northern Corpiche area 
where the organic carbon content of the sediments has values of 0.28~"O-0.35% 

(Table 5). This area is characterized by rather sanety deposits and is free of any 
appreciable organic matter input but the natural production. Therefore, oxic 
respiration is dominant and helps in the red~ction of the organic content of the 
sediments. The values encoillltered in the northern Corniche are comparable to 
figures presented by other investigators in different Red Sea environments 
(Mohamed, 1949; EI-Sayed and Hosny, 1980; Behairyet a/~,1983). In the 
disturbed ecosystems like the southern Corniche and the other areas where 
sewage dumping is effective, carbon fixation is enhanced due to nutrients' 
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input. Organic matter accumulation is therefore increased by the direct input 
from sewage discharge and by a second source, more or less important 
according to some local physical and hydrological conditions, which is the 
potential organic matter that could be built by algae and phytoplankton due to 
nutrient enrichment. The environment may tum to anoxic respiration when 
orgaTlic matter accumulation is fast enough to provoke oxygen depletion 
Anoxic respiration is less efficient than the oxic mineralization of organic 
matter. It results in the tormation ofhydrcgen sulphide. 

Table (5) TextuJ'e and organic carbon in marine sediments off .Jeddah. 

t -Station Gravel~'O I S--;d%--=--;\1udo/~OC~D 
~ 7 9 1- 88 :; 1 0.351 
!i 8 12 i 74 r 14 . 0 32 , 
:\ 9 9__-:' 89 i 2 'j 0 28 ,I 

rIO 34 -\65 1 0.861 
;1 ---j 1 

'! 11 Sludge ivIaterial I 1 25.56 'I
" --.-;-"----+-,1 ilf 12 1 I 10 l 89 [ 1.82 ~ 

t3 0 L 83 ~ 17 1 0.91 !I 

I 

14 5 I 88 D l 09l 
1----1-5---~1- --3---+!--7-1--J 26 j o. 87 

;1

:! 

=== =='==== 

For location see figure (2) 

Despite the comparability of their textural composition. the southern 
Corniche sediments contain more than double organic carbon (O.87°/o-0.91O,"o)as 
the northern Corniche. The highest organic carbon concentrations (average 
25.56"io) were recorded L"'} the Al'Arbaeen lagoon and Al'Bankalah sediments 
(Fig. 10). Here the environment has turned completely anoxic and tremendous 
amounts of organic matter are contributed from the fish market and the sewage 
dillTIping station. 

Apparently, the marine environment off Jeddah could be classified into 
W1contaminated are~ the northern Corniche and Southern part of Jeddah: and 
heavily contaminated area, AI' Arbaeen lagoon, AI' Shabab lagoon and 

j Al'B"angalah. 

This classification is strictly applied to the areas represented by OUi 

sampling network. It is evident that the southern Corniche deserves a special 
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Figure (10) Organic carl>on content in marine sediments off Jeddah. 
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research program 
effluent. 

to study the compositio~ flux Md dispersion of the sewage 

SATELLITE IMAGE DATA 
The coral reef environment off Jedd2.h was once very highly diverse and 

unique. Figure (11) shows the percentage coral cover ofT Ghorab island, Jeddah 
center and the nort.~em Corniche. The toral cover percentage off southern 
Jeddah is 110/0. This is higher than that off Jeddah center (50/0) and the northern 
Corniche (30/0). ivlany coral species and other associated habitats were dv"{elling 
the near shore fringing reef zone off Jec,idah. Due to tl-te continuous and'rapid 
industrial and urban development coral reef cover has been decreased 
dramatically. Figure (12) show"S the sluinkage in coral cover area between the 
years 1986 and 2000 at Ghorab Island south of Jeddah. Obviously, a 
subsequent decrease in the coral comm.W1ities, and a simultaneous decre~e in 
the habitats dwelling the coral reef environment should accompany the decrease 
in coral cover. The effect of sewage dumping is very strong on the near:-shore 
marine environment off Jeddah as prevlOusly mentioned. The increase in water 
turbidity, pollutants and organic matter content of the bottom sediment :halted 
the grovvth of the corals by shielding the iight and depleting t.1e dissolved 
oxygen required for the growth of corals a.'1d coral habitats. Furthermore, the 
algal mats grovvn as a result of increased dumping of sewage to the sea have 
covered the surface water at many piaces along the shore off Jeddah especially 
at Ghorab. Al'AIabaeen lagoon. Al'Shabab, Al'Frusiyah and ArSalam lagoons. 

These algal mats cause eutrophication and could hinder and may kill the 
existing corals by consuming the dissolved OA]'gen and preventing the light 
penetration. The coast of Jeddah has lost all the aspects of the natural shore. 

The sandy beaches have been diminished and replaced by artificially man­
made beaches. The back-reef zone and part of the reef-flat has disappeared. 

The continuous dumping of eit~er treated or untreated sewage and other 
similar effluents, the insistence on constructing the coastal roads (e.g. Corniche 
road) so close to lhe seawater lilnit and on the rocky ground of the reef zone, 
filling the coastal lagoons and reconfiguring the natural shore line will lead to 
the complete diminish of the coral reef zone and its habitats. 
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Figure (11) Percentages of coral cover off Jeddah. 
calculated from Landsat TM image 2000 
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Figure (12) Variation in the coral cover between 1986 and 2000
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In addition, the increase in the urb~ tourism and recreational actIvltIes 
along the shore \vith the subsequent dumpilig process of sewage effiuents, 
swimming, diving and other water recreational sports may disturb the coral 
ecosystem leading to the disintegration of many habitats. The situation is 
disastrous and needs rapid act and further comprehensive studies. 
Environmental stvdies should be conducted on how to rehabilitate the coral reef 
ecosystem. 

C01VCLUSIONS 

The study revealed that the m2rine ecosystem off Jeddah City 1S g~'eatly 

disturbed by: 
1- Construction processes of the cdastal road arid,,· onshore facilities. 

recreational villages, amenity beache?, hotels, ir~tail~tions along the 
\\/hole coastal area lli'1d port development. L'1 addition to the anchor 

damage caused by boats and yachts at t.he numerous ~laIinas alcng the 
northern part of the city coast. 

2- Reconfigurarion processes of the shore including filling the coastal lagoon 
and intertidal flats and land cuttings-dredging at the nonhem part of the 
city'. 

3- Sewage dwnping from t'1e city main sewage treatment uriits and the local 
outlets of the on-shore recreational villages, resOrts ',and 'summer houses 
along the whole coastal area 

4- Industrial wastes dumping to the sea at the southern part of the city. 

5- Shipment operations of industrial imports and exports especially oil. 

It has been shown that AI'Arbaeen lagoon and AI' Bangalah are highly 
polluted. The sediments of the most northern and southern sites seem 
undisturbed for the time being. However, the area of the southern Corniche 
deserves a particular attention due to the important quantities of mixed 
industrial and urban wastes that it receives daily. The fine-grained particles are 
favorable sites for the fixation of the organic matter. The study revealed, also, 
that there is a shrink in the coral cover off Jeddah between the years 1986 and 
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2000. This decrease in coral cover is accomparnecL undoubtedly, by decrease 
in the number of habitats dwelling the coral environment. The causes of such 
decrease are the increase in water turbidity, depletion of dissolved oxygen 
resulting from dumping of municipal and industrial wastes and blooming of 
algal mats. Therefore, the present study recommends that rapid measures should 
be appliecL these are: 

1- Enforcement of legislation related to management of coastal and manne 
areas. 

2- Carry out rehabilitation studies and programs of mangrove and coral reefs. 
3- Measures to control collection of corals and shells from the reef flats 
4- Enforcement of public awareness activities for coral reef conservation 
5­ Improved management of pollution, brine and thermal discharges from 

desalination plants 
6­ Effective control of dredging and filling 
7- Upgradirlg of wastewater collection and treatment. 

Unless a rapid action is taken it is expected that the coral reef environment 
and its habitats off Jeddah would be extinct. 
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