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Foreign Currency Exchange Rates Applied in the Study.

Currency

Exchange Rate (/1. Yen)

Saudi Arabian Riyal (SR)

36.01

{Average rate from May 1989 to March 1999)

Note : Following numerical notation is adopted in the Repeort,

Decimal marker

Digit separalor

“, " {period)

«0 7 (comma)




THE STUDY ON COASTAL / MARINE HABITAT AND BIOLOGICAL
INVENTORIES IN THE NORTHERN PART OF THE RED SEA COAST IN
THE KINGDOM OF SAUDI ARABIA
March 2000

Mr. Kimio Fujita

President
Japan International Cooperation Agency

LETTER QF TRANSMITTAL
Dcar Sir,

We arc pleased to submit 1o you the final report entitled “The Study on Coastal /
Marinc Habitat and Biological Inventories in the Northern Part of the Red Sea Coast in
the Kingdom of Saudi Arabia”. This report has been prepared by the Study Team in
accordance with the contracts signed on 12 December 1997, 11 May 1998 and 21 May
1999 between the Japan International Cooperation Agency and the Joint Study Team of
Japan Wildlife Research Center and Shin-Nippon Meteorological & Oceanographical
Consultant Co., Lid.

This report cxamines the current status of the biological environment and the social
environment of the northern part of the Red Sea coast of Saudi Arabia, and also
examincs the detailed status of the identificd Model Arca.  Based on the examined
data, it identifies the important biological habitats and presents the critical areas for the
conscrvation of the biodiversity in a form of maps, and also suggests an action plan 1o
conserve the biodiversity of the Study Area.

The report consists of the Summary, Main Text, Appendices, Biological Inventory (CD-
ROM), Habitat Maps of the Study Area, Habitat Maps of the Model Arca and
Geographical Information System / Database (CDD-ROM).

All members of the Study Team would like to express grateful acknowledgement to the
personnel of your Agency, Advisory Committee, Ministry of Foreign Affairs,
Environment Agency and Embassy of Japan in Saudi Arabia, and also to oflicials and
individuals of the Kingdom of Saudi Arabia for their assistance extended to the Study
Team. The Study Team sincerely hopes that the results of the Study will contribute to

“the conservation of bicdiversity of the northern part of the Red Seca coast of Saudi

Arabia and that friendly relations of both countries to promoted further by this
occasion.

Yours faithiully, :
‘- =/
NS “

Noboru Matsushima
Team Leader
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PREFACE

In response to a request [rom the Government of the Kinpgdom of Saudi Arabia, the
Governmen! of Japan decided to conduct the Study on Coastal / Marine Habilat and
Biological Inventorics in the Northern Part of the Red Sea Coast in the Kingdom of

Saudi Arabia and cntrusted the study o the Japan International Cooperation Agency.

JICA sclected and dispatched a study tcam headed by Dr. Noboru Matsushima of Japan
Wildlife Research Center and composed of Japan Wildlife Rescarch Center and Shin-

Nippon Meteorological & Oceanographical Consultant Co., Ltd. to the Kingdom of

- Saudi Arabia, five times between December 1997 to February 2000, In addition, JICA

sct up an advisory committce headed by Mr. Datzaburo Kuroda, Environment Agency
Japan, between December 1997 to February 2000, which examined the Study from

specialist and technical points of view.

The team held discussions with the officials concerned of the Government of the

Kingdom of Saudi Arabia, and conducted field surveys at the study area.  Upon

returning to Japan, the team conducted further studies and prépared this final report.

I hope that this report will contribute to the promotion of this project and to the

enhancement of friendly relationship between two countries.

Finally, I wish o express my sincere appreciation to the officials concerned of the
Government of the Kingdom of Saudi Arabia for their close cooperation extended fo the

study.

March 2000

Kimio Fujita
President

Japan International Cooperation Agency






CONCLUSIONS AND RECOMMENDATIONS

Bmdwcrsny and habitats ot the ccntml - norlhcm Red Sca u)ds.t of S'ludx Arabn

__.;.vcre assessed in 1998 99 by the JICA-NCWCD Sludy Team. Taxonomic, dlsmbuuonal
‘and wmmumty slructurdl dah were oompllcd for Lorals other bentho‘; hshes 1urt]cs and
_mmne m'tmma]s algac and saagrasses birds and coasta] vcgent]on This mformatlon
' was used in g,round truthmg detalled habltat m'lpS prcparcd from a ded1caled aenal photo

'survey of the study reglon Human uses of ihe study n,glon were asscwcd from socio-

economJC surveys and mtcrvwws COmp{'ethMV(, rcfcrence coliectlons of the blota of thc o

"‘regxon were complled Ali of the above mformatlon was mput 0 a dedlcaled GIS

) dambase dCSl gned to famhtate effcctwc conscrvatlon managemenl of lhe reglon

Results of thc Study mdlcate that lhe cenlral - northem Red Sea coast of Saud1

'Arabla has hlgh local rcgional and global 51gn1f1cance for conservallon managemcnt' '
'j"'planmng The area supporls coastal and marine habltats ot generaily hlgh ecologlcal
'.1nteé,r1ty, hostmg endemic and undebcnbed speues and spec1es listed as gIobdl]y

g _""thrcatened or endangered Thc area also provzdes :,ustenance to local and rcgmnal human

popu]atlons m the form of txsherles

A summary map rankmg d]fterent areas (15 mins. lamudc x 15 mins. longltude)

= =rof the study reglon m terms ot 1he1r overall conservatlon ancl managemenl 1mp0r1ance

- was prepared The assessmcnt @as based on lhe dclalled hablldt mdps and mcorporatcd .
g lhe d]vcrsuy of hablldt typcs area and cover of corals area ot seagrasscs algae

. j_..mangroves and uclal ﬂats 1hc number oi hshmg boats and 1ndustr1a1 p]anls prescnt Thc -

'ranklngs should fdcﬂitatc dcveiopmenl of comprehenswc rcglonal mdrmc rcsourcc and



.managcmcnt .pol.icies,..incl.udin'g:'c_sfé}biisl}mcnl bf_ a scric_:é bf Marine Protecﬁed Areés‘ in
the region. N |
' Fiv.c;ranllts _\'iv:crc uscd, in incrcaSiné .érder“of c.onservatz.ion ifﬁ'poflancc:_
| . _'Ra_n_ks 3.5 Priority éénéér__\?a_tion arca. |
. . .R..ank_ 2 —'Str.al.cg,ic en'\}igpr;rriéxltél m__aﬁagemerii areas,

« Rank 1 - Multiple USé area, -

1 Pf:onty Conscr;fatn.)n Arcas =

| From lhlS a%essmcm lhree largc priorlty cénscrvahon arcas were 1dcn11f1ed:_.
. the mouih 01 thc Gulf of Aqaba Tlran Area | | .' __ - |

Al deh chk fmd south to Umiu; Sharm Shabaan and - i

B Al HaJ ir (N of Ra’s Maslurah)

; 2 Strategu, Envu‘onmem Management Arms j. -
Thcsc areas lnuludcd mosl ot the rcm’undcr of thc qludy I'CQ;,IOH excludm;:, cmes
dnd townb, dﬂd hléhllghls the generdlly hlgh ]evels of eco]ogical mtcgrlty of lhu habltals '_

ol the reg!on Kcy hdbltdt:. Ior LODSLTV‘illOn mamgemcnt p]annmg mc]udc lhe benlhlc o

_. wmmumlleb in open and semi- cncloscd bays (sharms) and ofishore ls]andb whlch R

prov1dc 1mp0rl‘1nl breedmg arcas. -

3. Multlplc Usc Areas s

Thu;e areas mcludc lhc major coqshl cmcs and 1owns of lhe rcglon where most

co(mal dcvciopmcnt ldnd reclamahon consirucuon ot dc,salm'mon plams scwagc and ;"

o sohd waste dlsposal has ou,urred Such dcvclopmmls rcqmre Larclu] Imnagement m -



o Recommendatlons

B ordcr ta mamtam the qu‘lilly of lite for cily dwellers and to minimise ‘human 1mpacl& on

Prlorlty Conscrvmon Arcas and Slratcgm Environment Managcmem Arcas.

Thesc threc catcgorws 01 conservallon 1mportance havc identified large arcas of

spccml 1mportdnce for fulurc Marmc Protu,ted Arcas m'lmgcmml Smaller key Tocations
tor conservanon 0[ cach of thc various b1011c, groups LOMIS olher benthos, f;:,h turtics :
-_'and marme mdmmals alg,ae and suagrasscs blrds 'md coastal vagetalmn - havc bcen'

L 1_dent1fled in lhe relevanl SCCUQHS of the rcporl.

1._ Lstabhshmcnl of Idrgc. marmc prolccuvd dl’edb in tht, Priority Conservatlon '

Wi Areas and se]cctcd Slmteglc Enwronment Managcmcnt Areas

2. Estabhshment ot manacemcnt prog,mmmcs mc]udmg /omng plam m thc

Prlorlty Conscrval10n Areas and Squteglc Env1ronm cm Managcme nt Arcas

-3, Application ot a mull]plc use dPPma‘*h 10 Marme Protcclcd Areas

mandgermnt 1nc0rp0rallng vanous ?onc,s ot lncrcasmg protcullon ba%d on '

_ thc NCWCD IUCN plan
4L '_ [nmatlon 0[ 1urthr biudl(,b dnd mom!ormg programmes

; 5 Estabhshmenl of mtcmahonal cooperanon for coml reci momlormé

“ _6. PI’OITIOUOI] of educal:on and publlc awareness programmcs for conscrvauon oi _

L thc coastal and marme env1ronmcnl

An acuon p]an is also sug,g,e:;ted to 1mplemcnt these rccommendahons and 10 =

. Lomprehcnswely conserve the m"mnc envuonmcnl 01 1he Rcd SCd Thc acimn p]an 1%"'

%



described in six grdups at_lhrcc levels, The six groups are Policy’. / Lé.gis}alidh,
Inslilutiona} I\&éasurcs En.‘..'ironmcnt' Maniigc.mcnt Proté'ctcd.)f\re'as 'de.lic'AWafcn(.:Ss/
'Educahon Intcmahom] Cooperation *md Eslabhshmcm of Core Fd(..llltlﬁb Thrce levels
arc national, NCWCD And surw,y / rcsuxrc,h Icvc]% S(,ht,dulc,s and ﬂCLt.,bbdry prullbb '

~and cqmpment for NCWCD and survcy / rcse'irch lcvc]:, are also proposed
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1. INTRODUCTION

1.1. Background of the Study

The Red Sea Coast holds a rich and valuable biological diversity of global
importance. The coastal arcas of the Red Sea have been undergoing increasing industrial and
tourism development which is having an inévilablc impact on the coastal and marine
cnvironment. However, the true state of the precious environment is not fully understood.

The Kingdom of Saudi Arabia recognises the value of this biodiversity as a national
and international assct, and requested lhé Government of Japan to cooperate in conducting a
comprehensivg biological study in the northern part of the Red Sea Coast.

 The Study aims to close the gap by conducting a thorough study of the northern part
of the Red Sea Coast of Saudi Arabia. The results will be utilised 1o devise a framework lor
the conservation and sustainable management of the coastal and marine environment.

The JICA Sludy Team has been conducting thé Study with the National Commission
for Wildlite Conservation and Development (NCWCD) of Saudi Arabia, on the b.asis of the
Scope of Work agreed Llp()n and signed by NCWCD and the JICA Preparatory Study Team in
Riyadh on 24 March 1997, | |

The two objectives stated in the Scope of Work are as follows.

1. To conduct a basic i'nvéntory survey on the co:astal and marine habitats and biota
.in the northern scction of the Red Sea Coast in order to supply basic information
on the conservation and appropriate managemeni of the natural environment and
its bit‘)log.ical diversity.

2. To transfer survey-taking technelogies (o the Saudi counterpart personnel in the



course of the Study.

1.2. Study frame and ohjectives of cach phase

The Study consists of the [ollowing [our phases.

Phasc [: Gathering Existing Data

Phase I1: Inventory Study in the Entire Study Area
Phase 1L Model Area Study

Phase IV: Preparation of Biological Inventory / Map

The objectives of Phase 1 were to accumulate and review references and existing data,
to carry out a rcc;)nnaissancc field survey in the Study Area and to obtain an overv'i.ew ol the
entire Study Arca.

The objectives of Phasc 11 were to conduct an inventory survey and a socio-cconomic
survey ol the Study Area, categorise the habitats and analyse the aerial photographs for
draffing a habitat map for the entire Study Area, digitise 1:150,000 maps as the base map of
the GIS and input some ol the resulls of the inleé1110ry and socio-cconomic surveys. This
phasc was considered as the preparatory stagé for Phase ITf and TV,

Phase I aims to supply basic information on.thc conservalion and appropriate
management of the natural cnvironment of an area in the Study Arca .and its biological
diversity based on collected information and the results of the analysis in Phase 1L

In Phase 1V, all data collected during Phases I, IT and III arc analysed and this
information is presented as GIS database and habitat maps of the entire Study Arca and the

Modc! Area.



In order to achicve successfully the objectives of the Study, the Study Team fis

divided into the following lour groups, each with its own specific role and objectives.

Biological Inventory: Marine tcam (coral, scagrasses / algae, tishes and benthos),
marine mammals / marine turtles team, terrestrial tcam (mangroves / terrestrial
vegetation and birds)

Social Environmeni

Habitat Map

GIS / Database

1.3. Participants
The National Commission for Wildlife Conservation and Development (NCWCD) of
“Saudi Arabia is the cou'nterparl organisation for the Study and respective personnel from

NCWCD have been working cqually with the Study Team as counterparts (Appendix 1).



1.4. Schedule
The schedule is summarised as Table 1.

Tabie 1. Principal activitics of cach phase of the Study.

Phase Schedule Principal aclivities

Gathering Existing Data
¢ Preparstory work
*  Preparation and discussion of the Interim Report
* Preparatory arrangements
*  Formulation of work plan
| i);:;:;;mhcr 1997 = March |, Rapid biological ussc;smcnl
°  Preparatory visil [or socio-ceonomic survey
+  Examination of nenial photographs
*  Aeria] verification
*  Preparation of GIS
*  Preparation and submission of Progress Report (1)
Inventory Study of the Entire Study Area
*  Habitat categories
¢ Inventory survey
*  Socio-cconomic survey

*  Analysis and asscssment of aerial photographs

May 1998 -~ November y I g
I : + IS database format

1998
*  GIS base map and input of data
*  Preparation and submission of Progress Report (2)
*  Analysis and assessment of survey data
* - Draft habitat maps of the entire Study Area
*  Preparation of the Interim Report

Model Area Study

*  Submission and discussion of the Interim Report
*  Workshop on the Model Area Study

*  Detailed biological study of the Model Area 3
11 February 1999 —June 1999 | ¢« ln-deptl socio-cconomic survey ' 32
= Preparation and submission of Progress Report (3)
*  Analysis and assessment of survey data

¢ Drafting of habitat map of the Model Area

*  Input of dala 1o GIS database

Preparation of Biological Inventory / Map

*  Analysis and asscssment of survey data

* - Installation of GIS

¢ Preparation and submission of Progress Report (4)

*  Finalisation of the biological inventory, the socio-economi
data, the habital maps and the GIS database

»  Compilation and evaluation of all data

*  Preparation of the Draft Final Report (DFR)

¢ Presenlation and discussion of the DFR

*  Sceminar on the Study

*  Preparation of the Final Repott (FR)

*  Submission of the FR

IV | July 1999 - JIanuvary 2000
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1.5. Study Arca

The Study shall cover the northern part of the Red Sea coast, encompassing
approximately 1,000 kilometres (excluding the coastal arca of Jeddah city) (Fig. 1). The range
of the arca to be studied extends from the water’s edge out 1o one kilometre from the shore,
and down to a depth of 15 metres.

The actual width of this zone may vary in pl'aclice in order to accommodate certain
species whose distribution does not fall exactly within the limits. Islands and their coasts will

chictly be surveyed using acrial photographs and visual observation tfrom aircrafl.

1.6. Acknowlcdgements

This Study has been conducted in the hope that it will help the Kingdom of Saudi
Arabia to develop the most scientific and effcetive conservation management programmes for
marine protected arcas in the Red Sea. More than most studies, this Study is a work of
collective effort and ecnthusiasm.

First of all, our most sincere thanks are due to H.R.H. Prince Saud Al Faisal, the
Managing Director of NCWCD, and HE. Prof. Dr. Abdulaziz H. Abuzinada, for their
understanding and support. Mr. Takahisa Kusano, Regional Representative of JICA, is
gratefully acknowledged for his kind help and advice. The following deserve special mention
tor suppbrting the Study and for supplying information and suggestions: Dr. lyad A. Nader,

Mr. Yusul Al-Wetaid, Dr. Eugene Joubert, Dr. Friedhelm Krupp, Tarik M. A. A. Al-Abbasi,

and Quiaibah Al—Sé’don, NCWCD; Mr. Ahmad H. Badah, Minislry of Petroleum and Mineral

- Resources; Mr. Shosuke Mohri, JICA Expert; Dr. Shaukat Ali Chaudhary, Ministry of

Agriculturc and Water; Mr. Mohammed S. Al Yami, Ministry of Defence and Aviation; Mr.
Ernst-Detlef Grucbel, and Mr. Joost Strater, Hansa Luftbild German Air .Survcys; Mr. Junji

Wakui, JICA Office in KSA; Mr Kazﬁnobu Suzuki, JICA; Mr. Daizaburo Kuroda, Mr.

5



Akitoshi Kawamoto, and Dr, Hiroshi Kidono, JICA Advisory Committee; Dr. JE.N. Veron,
Australian Institute of Marine Science; Dr. C.C. Wallace, Museum of Tropical Queensland;
Dr. M. Guillaume, Curator of corals, Muscum of Natural History, Paris, France; and Dr. G.
De’ath.

The ficld surveys were accomplished with the valued assistance of the Coast Guard
Stations at Rabigh, Umluj, Al-Wajh, Duba, Magna and Haql and various ficld bascs. The
Saudj Arabian Navy dive rescue tcam provided valuable safety back-up and usc of their
zodiac during the February-March 1999 field surveys.

The Study researchers and collaboralors deserve a special mention. Their enthusiasm

and commitment contributed significantly to the success of the Study.
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2. BIOLOGICAL INVNETORY

2.1. BIOLOGICAL INVENTORY
2.1.1. Introduction

The biological inventory surveys in the following ficlds were conducted in the entire
Study Arca from May — July and from September — November 1998 (Phase 1I).

Coral, scagrasses / algae, fishes, benthos, marine mammals / marine turtics,

mangroves / coastal vegelation and birds
One of the main objectives of the surveys is (o collect basic data on cach component
as much as possible. Specimens of all components, except birds, were collected specimens for

further references.

1. femperature and water level measure
To understand physical phenomena in @hc Study Arca, 15 temperaturc loggers and
four water level recorders were sct al scveral spots. Fig. 1 and Appendix 1 show the locations
of the survey spots. At the end of the study period, 12 lempéralurc loggcrs. and all water level 3
recorders were retrieved. Only data on nine lcmpératurc loggers are analysed, and no datum
on water level recorders was used for analysis. This is because they were damaged. After
recovery of the data, cight temperature loggers were Scl at six spots.
1-1. Water temperatures
Since some of these data, however, during .lhc period from January 1999 to June
1999, are unstable and doubtlul, analysis of wntér temperatures is conducted on the data

during the period [rom 4 July 1998 to 31 December 1998,



1-2. Water level

No data on watcer fevel were obtained because of damage to the equipments.
1-3. Discussion

Through alt spots and measured period, minimum temperature was 17.1°C (Al-
Muraysi, December) at upper layer (Im depth) and 15.1°C (Al-Muraysi, December) at lower
layer (9m depth). Maximum lemperature was 36.6°C (Yanbu’, July) at upper layer (1m depth)
and 32.4°C (Sharm Habban, August and September) at lower layer (10m depth). At the upper
laycr, however, mean temperature throngh the .mcasuring period tends to be higher in the
north (Maqna) than in the south (Yanbu®). The lc.mpcralurc at Al-Muraysi fell during
Dccember, which suggests temperature falling at Al-Muraysi may be the influence of
upwelling. Daily temperature differences at the lower faycr were not obvious at every spot. It
is suggested that the marine environment around Yanbu’ is influenced by the tide actions in

the Indian Ocean coming through Bad Al-Mandab Strait.
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2.1.2 Coral
L Introduction

Coral communities of the central and northern Red Sea coast in the Kingdom of Saudi
Arabia were assessed in terms of their faunistic composition, representativeness-uniqueness
and ‘quality’ (i.c. high species diversity, high coral cover, and importance as reservoirs of
biodiversity and replenishment, including representation of rarc and endemic taxa). The main
objectives of the study were to assess:

i. distribution of coral habitats and reef development,
ii. levels of coral cover,
i. species diversily and coral community types,
iv. present slatus — effects of natural disturbances and. human impacts,
v. conscrvalion value of individual reefs and larger sub-regions,
and to provide
vi. management recommendations, and

vii. training and technology transler to Saudi Arabian counterpart persennel.

:hods

2-1. Ficld

Bio-inventory and ecological surveys were conducted at 145 sites on 86 reels in the
study region, from ncar Rabigh in the south to Hagl in the Gull of Aqaba in the north, in
1998-99. The surveys were undertaken al a represenfative f&mge of habitats, including
mainland fringing reefs, sharms (coastal bays),‘ island fringing reefs, patch reefs and barrier
reels. The sites were accessed by car (mainland) or boat. At each site, the coral communitics
were surveyed using SCUBA.

Where reel slopcs.desccndcd to > 5 m depth, décp 6 - 1.‘5 m) and shallow (1 - 5 m)

10




sitcs were surveyed separately. Two types ol information were assimilated and recorded on
watcr-proof data-sheets during the ~ 40 min. survey swims: 1) a detailed inventory ol sessile
benthic taxa; and 2) an asscssment of the relative percent cover of the substrate by the major
benthic groups. These data provided ‘ground-truth’ points for interpretation of aeriat photos in
preparation of the Habitat Maps. A standard sct of ‘environmental” variables, including depths
of the sites (maximum and minimum), average angle of reef slope to the horizontal, amount
of reef development, level of exposure to waves, sea temperature and underwater visibility
were recorded, The presence of any unique or outstanding biological features, such as
particularly large corals or unusual community compositions, bleached corals (partial or total
loss of pigments on living corals), coral prédalors and other causes ol coral mortality were

recorded. A comprehensive reference collection of coral specimens and photos was prepared.

2-2. Analysis

1). Site description: Principal components analysis was uscd to illustrate relat.ionships
between the benthic cover and cnvironmental variables. Relationships between  coral
community types and the cover and environmental variables werc also illustrated using PCA.
2). Community types: Sitc groups defined by coral communily type were gencraled by
hierarchical cluster analysis of species-aﬁtlndzlrlcc data in the bio-inventories of cach site. The
species that best characterized each community group (key indicator taxa) were dctcrfnincd,
based on relative abundance and fidelity (pcrécntagc occurrence ol sites in each group).

). Conservaiion value: The relative conscrvation values of  the sites, in terms of their
importancc as rcscrvoir_s of biodiversity and replenishment, were determined using cc'ologica.l

indices.

11



3. Results
3-1. Reef types and development

The study region supports a near-continuous coral reel tract composed of a wide
range of recf types of generally high ccological integrity. These include mainland fringing
reels, istand fringing reefs, platform and ‘reticulate’ patch reefs, ‘pinnacles’ and barrier recfs.
Reefs were often developed in sharms atong the mainland coast, a characteristic reel-form
largely restricted to the Red Sca. Notable recf formations ol the study region included the
barrier reef system developed along the scaward edge of the A]-Waj h Bank, and the rcticulate
patch reefs developed in the Tiran area and S Al-Wajh Bank. Levels of reel development
varied widely, from subsurface patch reefs with no reel flat (mostly in the Al-Wajh Bank), to
narrow ‘contour’ {ringing recls with reel flats < 30 m wide (in the Gull of Aqaba) to large

platform and barricr reels with reel flats olten > 100 m wide.

3-2. Coral cover

Benthic cover of reel-building stony corals at individual reefs ranged from < 10 % to > |
75 % (regional average ~ 35 %), whilc soft corals 1'angcd. up to 50 % cover (regional average
~ 9 %). High cover of living corals was associated with reels of rclatively high exposure to
wave cnergy and high water clarily.. There was little evidence of disturbance or local human
impacts on mosi reets (average dead coral cover ~ 7 %), although higher cover of dead coral

(> 20 %) occurred on some recels following coral bleaching or predation.

3-3, Species diversity and communily cemposition

The coral communitics were composed of  ~ 250 specics ol reef-building stony
corals [rom 58 genera in 14 familics of the Scleractinia, with the familics Acroporidae,
Faviidac and Poritidac being prcdominant, both in terms of species composiiion and

12



contributions to coral cover. A further ~ 30 taxa of solt corals, hydrozoan “lirc corals’,
gorgonians, corallimorpharians and zoanthids were also present, several specics of which
(Millepora and Sinularia spp.) were major reel-builders on some reefs.

Some species in the communities have very widespread Indo-Pacilic distributions,
others are widespread in the Indo-west Pacific, others in the central Indo-west Pacific, others
only in the Indian Ocean, W Indian Occan or ‘endemic’ to the Red Sea. The communities also
included six species new to science (Montipora sp. nov., Anacropora sp. nov., Goniopora sp.
nov., Cyphastrea sp. nov., Echinopora sp. nov. 1, Echinopora sp. nov. 2) and ~ 40 species
geographic disiribution range extensions into the Red Sca. Overall, there was a high degree of
homogeneily in species composition within the region, with most sites having a subset
(ranging from ~20-100 spp., average 61 spp.) of the regional speeies-pool. There were
however, major differences in abundance of particular taxa in certain biotopes, and thus clear
zonation patterns in the struciure of coral comniunilics, related largely to degree of exposure,
water darify, depth and stee.pness of reef slope.

1), Exposed - semi-exposed hiotopes
Community A, characteristic of mid - lower reef slopes

Mid - lower reef slope coral communilics were composed ol diverse mixed

assemblages of encrusting and massive coral taxa. Key indicator species include Montipora

danae, Iungia spp., Astreopora myriophthalma and A. gracilis, Pachyseris speciosa,

- Stylocoeniella guentheri and Leptoseris spp.

Community B, characteristic of reef crests — upper reef slopes

Coral communitics. of exposed shal]cm;r reef crests and slopes were dominated by
stout taxa of low growth-form, adapted -to high wave energy (~. 2 m) and high waler clarity.
Kcy indicator species include Acropora gemmifera, Leptoria phrygia, Hydnophora
microconos, Stylophora Wellsi, Favia stelligera, Favi!es penl:agona, Pocillopora verrucosa
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and Millepora spp.
Sheltered biotope:
Community C, characteristic of turbid areas

Coral communitics of sheltered biotopes were developed on the proteeted sides of
patch reefs, in lagoons behind barrier reefs and inside sharms. These communities experience
fittle wave energy (< 0.5 m), although resuspension of fine sediments can reduce water clarity.
Key indicafor specics include Momz'pbra spp., Pavona decussata, Fungia concinna,
Cantharellus noumeae, Echinopora fruticulosa and E. forskaliana and Platygyra lamellina.

3. Biotopes of moderate exposure
Community type D, characteristic of reef ‘cusps’

This community occurred in a wide range of habilats and depth ranges, but was
commonest on modcrately-exposed reet corners (‘cusps’). This community had relatively low
fidelity among indicator taxa. Key i.ndicator species include Acr‘opora pha;‘donis, Oulophyllia
crispa, Favia rotundata, Diploastrea heliopora, Bambérmia amicorum and Ctenactis

echinata,

3-4. Present status - disturbances

Overall, most reefs of the region were in good to excellent condition in 1998-99.
There was little to no dircet human impact  (e.g. destructive fishing, anchor damage, coral
mining or pollution) on the greal majority of reefs, other thaﬁ some reefs in urban areas
subject to land rectamation or littering. Coral communitics on some reefs had also been
adversely affected to greater or lesser extent by coral bleaching or predation.

Bleaching was patchily distr_ibulcd and highly variablc in intensity within the region.
Bleaching was most intense on reefs near Rabigh, where > 2/3 of tolal coral cover was

bleached or recently dead ( ~ 20 — 40 % absolute cover). On worst alfected reefs, blcachihg
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occurred to the base of the reef-slopes (> 20 m depth), but was usually most intensc in depths
< 6 m, where > 1/2 of ali coral species had been affected. High mortality (> 90 %) occurred 1o
the most susceplible taxa, notably [lirc-corals Millepora spp. and solt corals. Bleaching
followed development of a warm-poo! of surface waters in July-September 1998, Patierns ol
moriality to upper coral colony surfaces suggest that radiation clfects may also have been
implicated at some locations,

The bleaching formed part of a global event affecting coral reefs in all oceans during
1997-98. In the global confext, most reels in the study region were little affected. Most

nolably, reefs bathed by cool waters (< 28 °C) associated with coastal upwelling, particularly

those near Ra’s Baridi (N of Yanbu) and in the Gulf of Aqgaba were little affected or

unaffected. Proximate cause of the blcaching was clearly attribuiable to elevated sea surface
temperatures, however ultimate cause(s) remains unclear. In some rect regions of the world
bleaching was associated with the major 1997-98 ENSO climate event, the largest on recofd,
perhaps compounded by global warming.

Other forms of coral mortality in the study region included prcaa[ion by crown-of-
thorns slarfish Acanthaster planci and muricid snails Drupella spp. Such predation had no
noticeable effect on coral cover or community composition on most recfs, where starfish and
snail populations were at low levels. Iﬁ)wcvcr, coral cover and community structure had been
alfected by larger populations of the starlish on some paich reefs in the Al-Wajh Bank (sec

Model Study).

4. Conclusions

4-1. Conservation value

The entire study region, from Rabigh in the south to Haql in the Gulf of Aqgaba in the
north, is one of the most important coral reef arcas globally for marine protected areas (MPA)
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management. Most of the region is little affected by local human impact, other than in the

vicinity ol towns and villages where reef lishing, land reclamation and some coastal littering

has occurred. Some reel’s also appear (o be naturally buffered against the worst ctlects of coral

bleaching, because of the prevalence of cool water upwelling. Reels of special conservation
significance in terms ol representativeness-uniquencss and “quality” (i.c. high speeies diversity,

high coral cover, and importance as rescrvoirs of biodiversity and replenishment) were widely

distributed, from the Gull of Agaba and Tiran arcas in the north, Duba - Al-Wajh, the Al-Wajh

Bank, Umluj — Ra’s Baridi and Yﬂlﬂ)u’ - Rabigh in the south. Individual reets of exceptional %
conservalion value are listed in Table 2. On a larger geographic scale, three sub-regions are of
special conservation imporiancé.

The Gulf of Agaba - for the high 1ﬁvéls of coral cover and species diversity, including
endemic species (hat are rare in other parts of the study region (¢.g. Cantharellus déerderleini).
Of particular note were the characteristic narrow ‘contour” reels (< 50 m in total .Wi(‘.ith)
devcloped on steep coastal slopes. These nasrow reefs were among the most species-rich of
the study region. The high diversity is particularly signilicant given the restricted reef arca,
cool sca temperatures, and given that the Gulf of Aqaba is at the north western-most extent of
recl development in the entire Indo-Pacilic region.

"The Tiran arca (extending from the mainland coast north of Duba io the entrance to the Gulf
ol Agaba) - for the wide variely ol dilferent biotopes and recl iypcs (barrier recls, island and
maintand Iringing reefs and patch reets, including shallow ‘reticulate’ patches). These recfs
form unique complexes with high zoogeographic si gnit‘icancc_, supporling high species
diversity including Red Sea endemic corals, presently undescribed coral specics a'n.d specics
with apparently restricted distributions otherwise raré in the region.

Al-Wajh Bank - for the wide variety of reel types (and other marine and coaslal habitats). As
with the Tiran area, reefs of Al-Wajh Bank supporl'Rcd Sca endemic corals, presently
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Table 2. Sites of special management significance in terms of high conservation values. Reef
names and GPS tocations are listed in Appendix C1. Reel types: B ~ Barrier, P — Patch, TF —
Istand Fringing, MF — Mainland Fringing, SF — Sharm Fringing. Hard coral cover ranks: 2 =
11-30 %, 3 = 31-50 %, 4 = 51-75 %. Coral specics diversity, ratings (1-145) within the study
region tor indices of replenishment potential (CI) and rarity (VI), the presence ol undescribed

specics and coral community type arc listed for cach site.

Site | Location Reel | Hard Specics Repleni- Rarity | Undes- | Comm-
Type | coral diversily - | shment V1) cribed unity
) cover allcorals | (CD) spp. Type
(C32b | Tiran arca I 4 107 2 9 B
C77a | Nof Umnlyj P 4 110 4 6 A
Clda | Al-Wajh Bank B-P 3 111 I 1 ¥y A
C78b | Nof Umbnj P 4 108 3 22 B
C86b | 'liran area | 4 97 6 18 ¥ A
C77b | Nof Umlyj P 4 70 7 33 ¥ B
C85a | Tiran arca P 3 109 26 13 A
CA0b | Yaabu’ - Rabigh SF 4 8 15 36 B
C26b | Gulf of Agaba MF 4 9 | 8 53 A
C41b | Umjnj ~ Yanbu’ MF 4 93 9 46 B
C70b | Al-Wajh Bank P 3 67 65 i ¥y
C82b | Al-Wajh Bank P 4 53 92 2 y C
C31b [ Tiran area P 4 56 37 4 ¥y C
“Cala | Twanarea P 2 52 121 3 y C
C30a | Gulf of Aqaba MF |2 90 BEN 5 A
C8Ga | Tiran area p 3 94 13 14 y A
C24b | Duba - Al-Wajh M 5 66 15 73 B
Ci2a | Umlyj - Yanbu | SF |3 63 82 57Ty
Cl4b | Umhy - ¥ 3 56 85 114 ¥ B
C493 | Sofl AlL-Wajt Bank [P | 2 69 130 i |y D
C62n | AL-Wajh Bank P2 65 1108 51 y C
C67a | Al-Wajh Bank P 3 65 88 19 ¥y C
CT3 | A Wajh Bank BP |2 87 74 R A
C79a i Al-Wajh Bank P 2 62 1z 55 ¥ C
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undescribed coral specics and species with apparently restricted distributions. Its size and
diversity of reef habitats, and likely high level of ecological connectedness in terms of larval
dispersal in ocean currents, both within the Bank and to other parts ol the Red Sca, afford it

great signilicance for future conservation (sce Model Study).

4-2. Management Implications

The near—continubus coral reel tract ol the central - northern region of the Saudi
Arabian Red Sca has high local, regional and global conservation significance and generally %
low levels ol human usc and impact. The region includes most of the world’s major reef types,
supporting coral communities of high cover, specics diversity and unique community
composition, including species endemic to the region and others prcsenliy undescribed. The
communitics also support other reef-associated species of high conservation valuc andfor
economic importance. High quality reefs were distributed widely throughout the study region. |
Results of the present study support the earlier NCWCD-IUCN assessments of the Gulf of -
Aqgaba, Tiran arca and Al-Wajh Bank as Environmentally-Sensitive Arcas of sPécial
conscrvation importance.
D). _Future monitoring: 1 is recommended that NCWCD develop a dedicated coral reef
monitoring team. The gcographic scale of the rect tracts of Saudi Arabia (both in the Red Sea
and Arabian Gulf) are such that an adequate monitoring program would require a minimum of
four dedicated full time personnel. Following training and technology transfer during this
study, sufficicnt expertisc cxists within the NCWCD Marine Department to develop such a
team. This would facilitate coral reef monitoring and research within the Kingdom, essential
adjuncts to future MPA man'agcmcn'l.
2). Further Research: Additional studics thal would be useful for inanageménl incl.ude:
* Coral reproduction — ti[ﬁill g,
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* occanographic conncclivity within the region, in terms of determining likely ‘source —
sink’ dispersal relationships [or maintenance and replenishment of populations,

+ coral recruitment and growth rates,

¢ recovery of coral cover and community structure following disturbance,

+ genetics ~ linkages within the region and with other recl areas.
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2.1.3. Scagrasses/Algac
I Introduction

Climatic and occanographical conditions in the Red Sca put severe stresses on
intertidal and shallow sublittoral biological communitics (JONES et al., 1987). Seagrasses and
algac, a principal components of the intertidal and shallow sublittoral communities, arc
exposed to the severe physical environment of high water temperature and low exchange rate
of shallow coastal waler, though the physical condition varies in places, such as wave action,

current, turbidity of water and bottom sediment, since coral recfs have a wide varicty of

i l‘-ﬁ

conliguration of the physical features of habitats, This unique environment in the Red Sea has
an cllect on species diversity and biomass.

Besides the physical impact, scagrasses and algae receive the influence of grazing by
herbivores which eater the scagrass/algal habitats mainly from offshore bpcn arcas. Breaking
wave arcas where wave action keeps them away are the exeeplion.

Some authors have reporled 11 species of seagrass from the Red Sca. A specices list
of scagrasscs in the Indian Ocean (DEN HARTOG, 1970) shows that there is basically the same

flora in the Indian Occan and the Red Sca.

ity

It has been known that, in general, the algal species of the Red Sca belong to the
circumtropical and  subtropical marine {lora occurring in the Indo-Pacific Occan,
Mediterrancan and Caribbean Scas (WALKER 1987). PAPENFUSS (1968) recorded 485 species
of algac from the Red Sea. Sca. Siva o al. (1996) published a catalogue of algac in the
Indian Ocecan including the Red Sea, analysing the taxonoiny of algae and pointed out many
synonyms. Their suggestions require special attention to identifying the specics 01; algac to
prepare a correetl inventory which gives basic information lor an appropriate environmental

management.
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2. Mcthods

The fieldwork was carried oul during 31 May to 6 July and 27 Scptember to 14
November 1998, covering 197 survey spots. Surveys were conducted by snorkelling and
SCUBA diving, cmploying the quadrat method. At lcast two dried specimens of the collected

samples for cach specics were made.

3. Res

The Study recorded 188 taxa in total; eight Seagrasscs, 68 Chlorophyta, 30
Pacophyta and 82 Rhodophyta. They include 11 specics ol algac reported newly to the Red
Sca.

Geographical distribution ol species number is summarised in Table 3. Intensively
studicd sub-~arca revealed a large number of species.

Diving observation found key locations which showed high species diversity of
scagrass or algac. Algac diversified their flora at patch reefs and fringing recfs where the
rough wave action interfered with invasion of herbivorous fish. Many scagrass specics
olccu.rrcd in inlets with an appropriate water movement which prevented the accumulation of
silt pa_rﬁcles. The species number in the Tiran arca or Al-Wajh Bank would increase if such

key locations had been surveyed morc.

Table 3. Specics number of scagrasses and algac.

Yanbu'/

Guif of | Tiran Duba/f Al-Wajh Umlyj /
Agaba Al-Wajh | Bank Ra’s  al- Jeddah
: Bardi _
No. of Site 3 2 7 5 6 4
No. of Spot 39 12 51 37 30 28
Scagrass species 4 2 7 5 7 . 5 .
Algae species 75 48 130 77 60 78
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In genceral, the scagrass beds occured in the inner part of fringing recls, lagoons in
inner reefs, sharms and inlets. Thalassodendron ciliotum and Halophila stiplacea were
common in the subtidal zone, and they made extensive seagrass beds. Halodule uninervis was
common in the intertidal zone.

Macro algal beds of Sargasswn and Cystoceira developed in the southern part of the
Study Arca. Sargassum were distributed on the reel [lat which gencrated overtopping waves.
Cystoceira grew on the shallow bottom within the reel flat. A lot of turf and small algac thrive
on the reel edge. On the recf slope, the algal community was not abundant,

In the southern Al-Wajh Bank, there was lound an aggrcgaﬂc of drifted al'gac,

Sargassum sp. on the shallow sandy bottom.

4 I!is!\usf‘ign
4-1. Scagrasses

In the Study Arca, species composition of seagrasses showed little geographical
ditference. Halodule uninervis and Hualophila ovalis were the principal species within the
barrier reef, and occurred even in tide pools and shallow lagoons where they cXperi_encgd the
extremely high water lemperature. Some sharms and inlets provided scagrass species with a
suitable environment, if the water movement there is cnougﬁ to sweep silt particles a\;v.ay.

It was obvious through the acrial observation that there were many key locations for
growth ol many scagrass spccics in Al—Wajh Bank. The condition for a key location for
seagrass is water Ihovemem which removes silt from bottom sediment and leaf surface. These
locations were tound in tidal pools, lagoons, sharms, inlets énd the inner part of fringing reefs.
Therefore, Al.—Wajh Bank was recognised as an important candidate arca for the Model Study.
4-2. Macro Algae

Macro algae showed the geographical difference in formation of beds in the c.ntir_c'
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Study Arca, though the entire algal flora did not differ in six sub-arcas cither. Macro algal
beds developed more extensively in the southern hall of the Study Arca than in the northern
half. In the southern arca, reef flats extend widely, offering a large substrate lor algae. Many
reel patches provide macro algac with a suitable habitat which has strong current flow
originated from waves and prevents herbivorous fish [rom invading the areas.

The Study found that a principal factor for growth of rich scagrass / algal flora is the
micro-scale lopography of the sca botiom, which regulates the water movement. For seagrass
communitics, wave and current flow plays an important role to climinate silt par.ticlcs from
the bottom and the lcaQCS'. Sharms and inlets were typical arcas providing such a condition. It
also functioned for algal communitics to keep herbivorous Lish away from reef patches and
reef c&ges.

For the sclection of the Model Area, it was thought reasonable to choose Tiran arca

or Al-Wajh Bank, bccausc thcy have many such key locations to study abundant and

‘diversified scagrass / algal communities.
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2.1.4. Fish
1, Introduction

I-1. Literature survey

Eight scientific documents are used to list fishes in the Red Sea. These documents
list a total of 127 tamilics, 536 genera and 1,354 specices, including 50 endemic species.
1-2. Inventory survey

The survey was basically undertaken through SCUBA and snorkel diving,

Species which were difficult to identily in the water were photographed with digital
video cameras or digital still cameras, and were later identilied in the labpralm'y. Sampling
collections were also conducted when necessary.

Gil]ncis, hand nets and throwing nets were vsed fo collect samples. Angling was also
underlakén tor the same purpose. Samples were fixed with formalin-aqueous solution, and
were identitied in the laboratory.

65 familics, 175 genera and 378 species wcré observed in the course of the survey,
which was undertaken at 121 spots in 25 sites.

The ten most {requently obscrved species were scen at every diving site. This may
imply there is no strong locality eflect on species distribution within the Study Area.

Among the 50 ecndemic spccicS in the list, 34 specics were obscrved in the Study.

1-3. Collection of specimens

Fish specimens collected by gillnets, hand ncts, throwing nets and lishing lines -

amounted to 373 (271 tfor the Kingdom ol Saudi Arabia and 102 for Japan) which were fixed
with {formalin-aqucous solution.
1-4. Newly recorded species

Five specics arc considered to be fish which have the possibility of being rcéordcd in

the Red Sea for the [irst time. Since specimens of almost all of them were collected, lurther
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study in the (uture may be expected.

2. Discussion

2-1 Habitats and species

44 survey spots which were surveyed by diving or snorkeling to observe lishes arc
categorized into the two types; inside habita_is and outside habitats, taking into consideration
the differences between the habitats; physical conditions and human impacts (accessibility).

Composition of the 10 major fisli families in the inside and the outside habitats is

g shown in Fig. 3. Therc is no signilicant difference in predominant fish familics between the

inside and the outside habitats.

The outside habitats have greater abundance in comparison with the inside,

although the two types do not show any differcnce in species richness.
3. Sclection of the Model Area

A comparison of diversity, productivity index and endemism among these areas is

shown in Table 4 and Fig. 3.

Table 4. Considcr_ation for the Model Area.

Arca _ Diversity  Productivity Endemism
Gulf of Aqaba : : 3 '
Tiran . .. _ o
Duba / Al-Wajh 3 2
Al-Wajh Bank 2 _ 1
Umluj /Ra’s Baridi . 1 1 '
Yanbu’ /Jeddah = - : 2

3: very pood, 2: good, 1: not good, blank: there are not sufficient data for evaluation.

The wide arca from Al-Wajh area to Umluj / Ra’s Baridi arca is considered as a
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Fig.3. Comparison ol diversity, productivity and cndemism.
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candidate for the Model Study Arca for Phase III because of its high diversity, productivity
and endemism. Al-Wajh Bank has many kinds ol habitats, such as scagrass bed, patch reef,

outside reef, and it is also considered as a good candidate for the Model Arca.
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2.1.5. Benthos
1. Mcthods

The survey was conducted on foot in the su-pcrtidal zonc, mainly by snorkeling and
occasionally SCUBA diving in the intertidal zone, and by SCUBA diving in the subtidal zone.

In cach tidal zone, survey spots were selected in order to survey various habitats,
such as sand and mud botoms, bedrock, scagrass bed, and patch coral. The time duration for
the survey at cach spot was about 30 1o 60 minutes.

Scientilic names and the abundance of the benthos over about lem (megarobenthos)
observed in each spot were recorded in the field. Specics that could not be identificd in the
[ield were collected and identified in the laboratory. Photographs of benthos were taken by

underwater camera, and samples including empty shells, were collected whenever possible.

2. Results and discussion

The number of survey sites was 25 and the number of survey spots was 96.

In the ficld survey of Phasc I, 123 families and 341 species, including empty shells,
were identificd. There was no signilicant difference in the geographical distributions among
the dominant specics.

Sites that showed a high number of specics were more prcvalem.in the northern
scctions of the Study Arca, and the largest number of species were observed a Site 3 in the
arca of the Gull of Agaba (82 specics, Fig.4). Thé biomass ol benthos was high in the Gulf of
Agaba arca and Duba JAI-Wajh arca. In contrast, the biomass was low in Al-Wajh Bank area

and Yanbu’ / Jeddah (Fig.5).
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Iig. 5. Species number of benthos of abundance level 3 in cach site.

Survey spols were classificd into several habitat types according io their tidal
situations and features of the sca bottoms. Many specics were scen in habitats of sand,
bcdrﬁck and patch reefs. The number of species observed in scagrass bed and rock habitats
w.as low. It is thought that the patch reels in the subtidal zone arc an especially important
clerﬁcnt for sustaining a benthic community with a high degree of diversity, based on a
comparison of habitats composed of sand and bedrock in the two zones, The muddy tidal flats
were rare in the Sludy Arca, and these were mainly observed around a mangrove thicket.
Specics observed only in such habilﬁls were, stalk-cyed crab Macrophthalmus cf. convexus,
.i'id(llcr crab Uca cllactea perplexa, liddler crab Uca cf.ietragnon.
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A Model Arca to be surveyed lurther in Phase 11T should have a high spccies
diversity and biomass and a minimal degree ol impact from human activitics.

Each arca in the Study Arca is assessed in terms of the above-mentioned criferia in
order 1o seleet the Model Arca. The results of the assessment of the areas are summarised in
Table 5.

The area that has the highest genceral score of assessment is Duba /Al-Wajh. Al-Wajh

Bank should be appreciated in point of number of habitats next to Duba / Al-Wajh.

Table 5. Assessiment of the Study Area.

Gulf of Tiran Duba/ Al-Wajh Umluj/ Yanbu®/
Point of view Key Issne to Assess Aqaba AR-Wajh Bank Ra's Baridi Jeddah
Species diversity Maximum number of species in eacl 3 2 3 2 2 2
site of the arca
Biomuss Maxisum number of species tha ) ”
were observed above abundance leve 3 2 3 1 S2 i
3 incach sile of the area )
Number of habitata Obscrvations  in field survey - 1 1 3 3+ 3 3
{Especially mangrove) ) '
Human impacts Observations in field survey 3 - 3 2 T2 2 1

3 very good, 2: good, L: not good
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2.1.6. Marine Mammals / Marine Tortles
With given time and resources, Questionnaire / Interview, the shoreline acrial survey

and sighting were simultancously implemented with marine turile survey.

1-1 Results and Discussion

Dolphins are the only marine mammals occurring throughout the Study Arca known
by the respondents. Common Dolphin Delphinus delphis and Bottle-Nose Dolphin Tursiops
truncatus on illustrated bdoks were the most commonly pointed out by the interviewees,
foliowcd by Risso’s Dolphin Grampus griseus. The respondents’ description of large whales
sighted would indicate the occurrence of lwo ditferent species; one with an apparcnt dorsal fin
and the other without. |

T.hc. interview rpsulis indicate the occurrence of Dugong in the mouth of the Gulf of
Aqgaba 1o the north of Duba, and Al-Wajh Bank, Sharm Shabaan, Ra’s Baridi o the south of
Yanbu’. In addition to the above area, sightings were also reported in sharms south of Duba
where small seagrass habitats were expected. Dugong sightings were mostly of solitary
animals. One fisherman at Baraqan island rcporléd the sighting of a large Dugong group near
the island. No respondent told of any increase in Dugong sightings. No intentional
cxploitation of Dugohg was known by the respondents. Only accidental catches with fishing
nets are known o occur.
2). Shore line aerial survey

Scven groups of Dugong were sighted during the shore line acrial survey. Six out of
seven sightings; were of two or less Dugongs and no call was éighlcd. The largest group seen

was four Dugongs. Whether the results are due to the characteristics of their reproduction,
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their migration pattern, or survey bias needs 1o be carcfully studied.
3). Sighting during the field surveys.
Dugong and Indo-Pacilic Hump Back Dolphins were sighted during the survey.

The specics were identificd on the basis ol their descriptions.

1-2. Conclusion
The priority arcas arc evaluated in terms ol 1) species oceurrence, 2) reprodu'clion
habitat, 3) cnda.ngcrcd/ endemic specices, 4) exploitation (human impacts), 5) mortality. The %
cvaluation is basically donc in the Dugong conscrvation. Major distributed area for Dugong:
Tiran arca and Al-Wajh Bank are cvaluated as high ;ﬂriorily arcas. However, the seagrass
habitat in open sharms [rom Duba to Al-Wajh Bank and Ai—Shabaan {o Yanbu’ need to have
special attention. Dugong, and Bottle-Noscd Dolphin in the Red Sea are described by some
authors as taxonomically dilterent from those of the Indo-Pacilic region. Three inshore
species; the above two spccics-and Indo-Pacific Hump Back Dolphin, need to have special

considcration in the conservation management in the Study Arca.

2. Marine Turtles
In order fo evaluate the cextent of marine turtle distribution, nesting habitats, 1)
questionnaire / interview, 2) shore line acrial, and k) actual on-sitec beach SUrvey were

conducted,

2-1. Results and Discussion

[). Questionnaire [ interview survey
42 coasl guards and 17 fishermen were interviewed with the questionnaire. The
results indjcale that marine turtie nesting occurs from north of Jeddah to the mouth of the Gulf
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of’ Agaba, though the intensity secems to be low. No respondents considered that the marine
turtle nesting is increasing. In the Jeddah and Yanbu® areas where much coastal development
has taken place, four of the respondents out of twelve said there was a decrease. Significant
yearly fluctuation of the nesting activitics and sighting were suggested in the Al-Wajh and
Umluj arcas. No signilicant exploitation ol eggs and/or turtles was known by the respondents.
There is, however, some intentional harvesting of marine furtles for medicinal purposcs,
according 1o some respondents.
2). Shore line aerial survey

[slands where many body pits and truck were found by the shore line acrial survey
(N24°45-N28°00) are; Sanafir, Shusha, Al-Norman, Al-Shikh Marbat, Birrim, al-Waqqadi,
four islets west of Al Khurj coast guard station (inside Al-Wajh bank), six islcts west of

Qara’ir coast guard station (N25°34°E36°4(’-—N25°34°E36°46°), seven islets west of Al-Hara

- coast guard station (N25°13’E37°08’—N25°09'E37°09’), Jazirat Jabal Hassan, Libnah,

. Malihah. Mainland coast areas where evidence of Lurile nesting was found are; Ra’s Wadi
?

Tiryam, south of Al Muwaylih coast guard station, south ot sharm al Harr, north of Duba,
north of sharm Jubbah, south of Zubaydah coast guard station, north and south of Ra’s a
Ubayd, Ra’s Marjah (south of sharm Antar), Ra’s Muraybit (north of Haramil coast guard

station} and south of Ra’s Abu Mullah (south of Al-Wajh).

~ 3). Ground truth beach survey.

- Nesting beaches

A high .n.esling intensily is observed only in Baragan, al-Waqgadi-and Jabal Hassan
islands, south of Al-Shabaan, and Ra’s Baridi. The number of nests seems to be relatively low
compﬁrcd with the number of body pils l‘oﬁnd on the bcachcs.

Nést examination

The average number of normal cggs per nest of Hawksbill Turtle was 66.3:+19.0
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(n=9). The number and percentage of yolkless cggs per nest was 30.0+19.2, 30.2% 1 14.5
(n=9). It would be indicating the characteristics of the reproduction condition of Hawksbill
Turtle in the Study Area. Two nests of Green Turtle examined in Ra’s Baridi had 124 and 128
normal eggs, respectively, with five yolkless cggs in one nest.
Nest Temperature

The temperature of the nesting beach at Ra’s Baridi in late August to October, which
is regarded as the nesting peak season of the Green Turtle, is from 32°C down to 28.5°C. The
same range of temperature was available [rom the end of April to July. Significant nesting
activities of Green Turtles on Ra’s Baridi and Jazirat Jabal Hassan island were noted in Junc
1999. The Green Turtle hcsling activitics may have two phases or start from April, but a
confirmation survey is necded. |
Nesting females

One nesting female of Hawksbill Turtle at al-Waqqadi island on June 1999, five new
nesting females and one tagged female of Green Turlle at Ra’s Baridi on Oclober, 1998 and
one at Jazirat Jabal Hassan on June 1999 were observed. The Hawksbill Turtle was relatively
small. The five new nesting female Green Turtles within the very limited time indicates some
level of the recruitment.
Mortality

Seven morﬁﬂilf cases were found duripg the beach survey. One adult male Haﬁksbill
Turtle was hdrvcstcd for.male organ on. Umm Libnah island. The sex of marine turtles is
usually biased toward the temale. If the sex is biascd considerably toward the female in the
Red Sea, the Sclcclivc hunting pressure on the male might have some impact. Oné dead
nesting female at Ra’s Baridi was found in_ the Survey. The mortality of the reproductive
population causes a significant impact on the population as a whole. The cause and the rate of

mortality need 1o be assessed for effective management,

34



2-2. Conclusion

The priority arcas are cvaluated in terms of 1) species oceurrence, 2) extent of nesting
habitat, 3) endangered/ endemic specics, 4) exploitation (human impact), 5) mortality. The
Study arca is divided into 6 characteristic arcas and the importance cvalualed into three levels.
Al-Wajh Bank and the Tiran arca arc evaluated as high priority arcas for conservation with the

same level, followed by Duba / Al-Wajh where scattered nesting habitals were found.
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2.1.7. Mangroves / Coastal Vegetation
1. Introduction

The north of the Red Sea including the Study Arca belongs 1o the Saharo-Arabian
Floristic Region, under the hyper - arid and subtropical climate with low precipitation and
high tempceraturcs. Under these harsh climatic conditions, the Red Sca coastal arca is widely
covered by barren land. Some ol the offshore jslands and shorelines are, however, covered by
mangroves which have adapted to the highly saline watcers.

There arc a couple of reports on the vegetation of the Red Sea coastal zone. VESEY-
FITZGERALD (1956) describes the vegetation of the coastal plain and highlands north of
Jeddah in Saudi Arabia. Four mangrove species exist in the Red Sca arca, and two species
(Aw'(:enn.ia maring and Rhizophora mucronata) were recorded on the castern coast of the Red
Sea (SHEPPARD et al. 1992). The exient of mangroves has almost certainly been reduced over
time by felling for timber and for fuc! (ORMOND et al. 1986). Degradation of the mangrove
forest caused by grazing of camels has also been reporied (MIYAMIOTO & AL-WETAID 1993,

MOBAMED 1984).

2. Inventory Study
2-1. Methods

25 sites including three offshore island sites were selected for examining the typical
pattern of coastal vegetation in the Sludy Arvea. Each silc was in the coastal zone within 1 km
[rom the shoreline, and its arca was approximately 1,000 m x 500 m (maximum). Every plant
community in the Study Area was surveyed using the guadrat pmlhod QE’ BLAUN-BLANQUET
(1964), mainly in M:iy—]unc 1998. Distribution of plant communities in each sil.c was
skefched as a vegetation map and a profile of the site. Additionally a flora survey was

conducled at cach site in the same way as the vegetation survey. All observed species at each
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sitec were recorded as a {lora list. Plants were collected for specimens whenever possible.

2-2. Results
1). Vegetation.

As the results of 69 quadrat surveys, cight vegetation types, including 29 plant
communitics, were found as [ollows; mangrove thicket (two communities) , desert shrub (five
communities), succulent salt marsh (10 communities), desert succulent half-shrub (three
communitics), grassland salt mash (threce communitics), rced (two communities), desert
grassland (one community), others (threc communities).  Forming zonation was .obscrvcd
clearly from the seashore to the inland side at almost all sitcs. As lor mangroves, Avicennia
marina thickets were i’qund in cight sites, Rhizophora mucronata existed in only _tWo sites at
Al-Wajh Bank with association with A. marina.

. : :

As the result of the preliminary and the invcnlory survey .of'26 sites, 159 vascular
plaﬁts (43 families) including two mangrove species w.erc rc.cordcd. The flora of the Stady
Arca  was mainly characterised by  halophytes (c.g. CENOPODIACEAE,
ZYGOPHYLLACEAE, | GRAMINEAE). and  xcrophytes (e.g. LEGUMINOSAL,
EUPHORBIACEAE, CAPPARACEAE). The sites with characteristi.c zmd/ﬁr uniqu.c
geomorphological leatures, such as Jazirat Jabal Fassan wii_h a steep slope and Tip Esim, a
na;r()wubotlomcd gorge, tended to have their own ﬂorﬁ. The number of specics at each site
varicd from 2 (minimuin) to 44 (maximuni). The monotonic habitat sites were usually poor in
species diversity. The sites with a.widc variety of habitats supported have many plants. It
see.ms that hz;i)ilat varieilio_n is a very important t‘actbr for the species diversity at cach site.

The field survey found 12 endemic and/or cndzingered plants in the Study Arca (Table 6).
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Fable 6. The distribution of the endemic and / or endangered plants in the Study Arca,

Site 26 25 24 23 22 20 2019 18 17 16 15 B4 13 0241 50 9 8 7 6 5 4 3 2 1 Frequ

-ence
Literature i . e S -
No. Sciepific name M @ Rabigh Umibnj Al-Wajh Duba gl

L Zygophyllum boulosii + - - 2
2 Salvadora persica I ORI - 4
3 Ziziphus spina-chrisii # - 1

{ Sphaerocoma aucheri # e e e e e - 8
S Cornulaca ehrenbergii  # - 1
0 Acacia chrenbergiana Lo - - - - G
T Acacia cerfota + - 1
& Acacia tortilis L - - - - - e - 15
9 Thaverniera lappacea # -- - - 3
10 Rhizophora mucronata v S 2
11 Convolvulus asyrensis ~ + - 1
12 Hyoscypmmnus albus 4 i . 1

Number of 4 4

specics
(0): CoLLENETTE 1998, &) FARIIAN 1998,

+: Tindemic not endangered, #: Non-endemic cndangered, 1.: Lower risk, V: Vulnerable.

2-3. Discussion

The value of the sites for plants and vegetation was cevalualed 1o select the Model
Study Area. The evaluation is based on the results of the ficld survey {rom the following
.poinis of view: biological diversity (the number of specics), endemic and/or endangered
species, and biomass (plant coverage). The Sludy' Arca is divided into six arcas and is
evaluated acéording to the three criteria. As a result, Duba / Al-Wajh and Al-Wajh Bank arc

given high valuc points totally (Table 7).

Table 7. Assessment of the Suidy Area.

Area -
Gult of _ Duba / Al- AL Waih Umluj / Yanbu? /
Aqaba Wajh Ra’s Baridi Jeddah
Criteria
Diversity 1 2 3 1 2 2
ct)d]:;:g;gzic p(!)arm[s ! o . 3 : -3 ' L !
Biomass I 1 2 3 1 2

3: very good, 2: good, 1: bad.
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2.1.8. Bivds

In the northern part of the Red Sca coast arca, the avifaupa is dominatcd by
Palcarctic species, and a few Afrotropical specics have been recorded (JENNINGS 1995).

The avilfauna of Saudi Arabia has been studied for a long time but its harsh climale
and poor accessibilily 10 some arcas have Himited a systematic study. The northern part of the
Red Sea coast has not been systematically surveyed.

Mangroves are important for birds, providing safe [eeding, nesting and roosting
places for many of them (BALDWIN & Meapows 1987, LOBLEY). Migration time is

especially fruitful, in March / April and September / October (LOBLEY).

1, Methods

The Birds team coordinated its fictd survey work closely with the Mangrove /
Coastal Vegetation team in order lo undcrslan.d the area’s avifauna together with the
vegetation on which the bird species depend heavily for their survival. At cach spot, no routc
was set up and observers walked around to observe as much as possiblc.

The surveys were conducled in February 1998, May - June and October 1998.

10 x 40 and 8 x 30 binoculars, and a 24 x 60 telescope were used for the survey. In

' the autumn survey, mist nets were used to capture and ring birds. The bird list is based on the

checklist in PORTER et al. (1996).

2. Resuits

In February 1998, 82 species were recorded in the Study. Area. In May — June 1998,
64 Spcciés_xvere rccor&cd at 21 sites, and five other species were recorded outside the sites. In
Oclobcr .1.998., 86 Spccicé were recorded at 10 sites, and three specics were recorded outside
the sites. Mist-ne[ting was used al one site in Oclober.
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As the result of the lield survey of Phase I and the Preliminary Study, 134 specics
were recorded in the Study Arca,

In Phasc IIi, Red-rumped Swallow [Hirunde dauwrica was added o the biological
inventory, and 135 species were identilied during the whole Study period.

In February it scemed that more species were observed in the northern section than in
the southern section of the Study Arca (Table 8). Distribution of wintering birds scems to
differ between the northern and southern sections,

In May -~ Junc and QOctober, a total of 24 sites were surveyed (Table 9). §

Crested Lark Galerida crista?a was the most commonly sceen species throughout the
three secasons all over the centire Smdy Area, “Brceding of Kentish Plover Charadrius
alexandrinus and Sooty Gull Larus hemprechii was confirmed. Nine species were categorised
as probable breeding”. Four species were categorised as “possible breeding”. Twenty species
were only recorded in February 1998.

Whitc-eyed Gull Larus leucophthalmus (globally vulnerable) and Pallid Harrier
Circus macrourus (globally ncar-threatened) were recorded in the Study Area. Two specics
which are threatened or declining throughout all or large parts of their range in the Middle
East were recorded (Goliath Teron Ardea goliath and Sooty Falcon Falco concolor), and ten
species which have refatively small lola~1 world ranges with important populations in the
Middle East were recorded in the Study Area.

Sceven sites were surveyed in May — Junc and October. 13% to 30% of the recorded
species at sites are considered to be migratory species, including wintering specices, in the
Study Area.

Mist netting was conducted at B8 (Sharm “Antar) on both 10" and 11™ QOctober.
Eight individuals of six species were caught and ringed.

Twenty l:'our siles were catcgorised into lhe following six h.abila.ls; wadi, mangroves,

40



ket

4.

mangroves and arid arca, mangroves / wadi and farm, arid arca, and Tarm and palm frees.

3. Discnssion
3-1. Specices diversity
The climate is very harsh in the summer and so many fterrestrial species do not
breed in the Study Area. The arca seems [o be more important for migratory and wintering
species. There were no big differences among sites. Species diversily al cach site depends
more on the site’s habitat and its vegetation coverage than on its location in the Study Arca.
Wadis and mangroves are the key clements of habitat which have high specics diversity.
3-2.. Abu ndzince
The abundancc of each species is relatively low throughout the Study Area and
during each scason. Abundance of species may depend on the composition of sile’s vegetation
rather than its coverage. Although sca birds generally have a high number ol individuals, their
numbers werc not counted in this Study.
3-3. Threaténed and endemic species
Al-Wajh Bank and an Madinat Yanbu’ al-Sinaiyah are important for threatencd
specics.
3-4. Secabirds
NHW'fON et al. (1987)' recommends a more comprehensive study ol scabirds in Al-

Wajh Bank.
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Table 8. Arcas and specics.

Start Lnd Number of
No. APCA DANIE 7 o s i
Latitude (N} Longitude (I} Latitude (N)  Longitude () specics
o Magna 00080 w187 340 43T a4’ 26° S47 14% 36° 027 057 47
Zubaydah
b (‘;11’5’1“1\/“?[‘;:11” 00 26 36" 017 36° 157 26°  25° 167 277 377 087 567 43
e ;’Y:gn ?;Illrlg‘h 0 250 167 27 a7 087 S67 24° 377 407 370 207 007 50
Ra’s al-
d  Mukharraf o 24° 167 277 37° 31° 317 23° 047 077 38° 487 447 35
Masturah
¢ Rabighto Tuwal  22° 467 227 38° 587 417 22° 177 247 39° 05 44" 32
Table 9. Sites and species.
© Site number Site name Latitude (N} Longitude (E} Number of specics
1 Al-Durah 29° 207 267 34° 577 077 19
2 Magna 28° 227 18" 34° 437 447 3
3 Ash Shaykh Humayd  28° 06”7 00” 34° 357 417
*4 Sharma 28° 027 377 35° 137 467 24
5 Ash Sharma 28° 017 277 35° 127 097 9
6 * Sharm al-Badu 27° 357 247 35° 327 227 10
7 Rawd az-Ziyan 27° 257 49 35° 367 09 18
*8 ALQuff 27° 087 117 35° 477 39”7 a0
9 Tazirat an Numan 27° 077 587 35% 457 09”7 1l
*10 Zubaydah 26° 547 14”7 36° 027 05”7 35
I Sharm ‘Antar 26° 387 017 36° 157 26" - 38
12 Sharm Haramil 267 227 27" 36° 227 217 7
13 Habban 26° 037 40" 36° 357 437 5
14 Wadi al-Hamd 25° 577 33" 36° 437 317 5
15 Al-Muraysi 25° 507 267 36° 41° 06” 5
16 Dugm Sabg 25° 367 117 36° 577 53” 16
20 Jaziral Shaybarah 25° 247 527 36° 537 257 8
*21 Duqum 25° 077 187 37° 157 46" 34
22 Jaziral Jabal Hassan 24° 577 117 37° 067 047 10
23 Ash Shabaan 24° 477 38" a7° 10’ 29”7 11
24 Marsa al-Khawr 24% 177 207 37° 387 06™ 9
25 Yanbu’ 23° 557 38” 38° 177 437 15
26 Masturah 23° 04° 07" 38° 487 44" 45
*27 Rabigh 22° 467 227 38° 58° 41~ 14

Note: Site numbers wilh asterisks indicate that the sites were surveyed in both seasous.

Site 17 (Dugum Sabq - 2), 18 (Jazirat Qumma’an) and 19 Qara’ir) were surveyed in Phase 1L
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