s

2.2, MODEL STUDY
2.2.1, Introduction

Al-Wajh Bank was selected as the Modcel Arca using the following criteria.

1. Species diversity

2. Threatened / endemic species

3. Biomass (productivity)

4.  Low level of human impact

5. Consideration on managing a marine protecled area

6. Logistics of the Study

The Gull of Agaba is very rich in coral species, but from other points of view
(seagrasses / algae, fishes, benthos, marine mammals / marine turtles, mangrove / coastal
vegelation and birds) it is not identified as a very important arca. The area has very slrict
regulations tor establishing a protected area in the future. The arca is far from the site of the
field research office in Al Wajh and it is rather difficult to carry out the Model Study
clticiently. |

The area around Tiran Islands is rich jn all taxa except mangrove and birds. It is also
a scnsitive arca in terms of national security. It is not easy to carry out the Model Study
cfficiently within the limited time frame.

The area (rom Duba to Al-Wajh is in intermediate status Lor all points.

Al-Waih Bank is rich in all taxa and has a set of all habitats which appear in the Red
Sezi. The southern scction is richer in coral species and it is important for mangroves. The
Wajh Bank is already a candid.m.c to be a NCWCD’s marine protected area,

Thc.arca. Umluj / Ra’s Baridi is in intermediate status for all points.
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The arca [rom Yanbu’ to Jeddah is rather poor in all taxa but some specics of algac
(c.g. Sargassum spp. and Cystoseirg myrica) have the biggest biomass in the Study Arca. The
main point in this arca is that large development has been undertaken and the damage to the
biological resources is notable compared with other arcas.
Based on these asscssments, Al-Wajh Bank was selected as the Model Arca (Fig. 6).
Since the Model Arca is 100 large 1o conduct a detailed biological study, a “cross
bank transeci” survey was carried oul. An arca which contains as many habifats as possible
was selected as a “cross bank” and it was the southern part of Al-Wajh Bank. In this cross %

bank, cach tcam conducted their surveys in the most appropriate way to achieve the goal.
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2.2.2 Coral
1. Introduction
Coral communitics of Al-Wajh Bank (Modcl Area) were assessed in terms of their

faunislic composition, representativeness-uniqueness and ‘quality” (i.e. high spcci'c:.; diversity,
high coral cover, and importance as reservoirs of biodiversity and replenishment, including
representation of rare and endemic taxa). The main objectives of the Model Study were (o
provide NCWCD with information for future Marine Protceted Arcas (MPA) planning, o
initiate monitoring Siudieé, and to develop survey and moniloring expertise among the %
NCWCD counterpaﬂ personnel. These objectives were achieved through assessment of the:

i distrifaufion of coral habitats and rc'cf_ development,

ii. levels of coral cover, |

iti. species diversity and coral community types,

iv. present status — effects of natural disturbances and human impacts,

v. conservation value of individual sites and larger areas.

2. Mcthods

2-1. Field

1. Site selection: The surveys were undcftakc_n.at a represenlative range of habilats,.
including mainland _fringiilg reefs, sharms, island fringing reefs,.off_shdre paléh reefs and
barrier reefs, as sclected from. the h.nbitat maps. The sites \_a.rt':r.c accessed by cﬁr (mainlan_d).or
boat. At each site, the coral 'connﬁu'nitics were surveyed using SCUBA Where reef slopes
descended to > 5 m depth, deep (G - 15 m) a.nd shallow (1 - 5 m) sites were surveyed
scparatcly. _ | _ _

2. B io-inventory surveys: Thc Bio—invcnldry surveys from Phase II of the Study were
continued, as this method provides the most detailed information for asscssing conservation
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values of reefls, essential for informed MPA planning. Two types of information were
assimilated and recorded on waler-proot” data-shects during the ~ 40 min. survey swims: 1) a
detailed inventory of sessile benthic taxa; and 2) an asscssment ol the relative pereent cover
of the substrate by the major benthic groups. These data provided ‘ground-truth’ points for
refinement and accuracy assessment of the Habitat Maps. A standard set of “environmental’

variabies, including depths ol the sites (maximum and minimum), average angle of recf slope

. 1o the horizontal, amount of reef development, level of exposure to waves, sca {emperature

and underwater visibility were recorded. The presence ol any unique or outstanding biological
features, such as particularly large corals or unusual community compositions, bleached
corals (partial or tota! loss of pigments on living corals), coral predators, other cause(s) of
coral mortality were rccorded. A comprehensive reference collection of coral specimens and
photos was prepared. | |

3). Reef Check surveys: Quantilative assessment of coral cover in the Model Area was
carried out using the Reel Check protocol. The percentage cover of 8 categories of sessile
benthos (including live hard coral, dcad coral, soft coral, tleshy macro-algae) was estimated
using lour rcplicat'cd 20m line transcets, laid parallel to the sclected depth contour at 1 or 2
depths at cach reef. The depths surveyed were ~ 8-10 m and ~ 3-4 m below the reef crest. On
cach transect, the benthic category located under the transect tape at points of 50 em interval
was recorded. This method provides a rapid m.cans of acquiring quantitative estimates of
percent cover of thé major structural compon'ems of coral recfs. Many of the survey sites
were established cqncurrcnlly with the Fish team. A total of 156 transects at 39 sites on 29

reefs were surveyed from February - June 1999,
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2-2. Analysis

Bio-inventory surveys

1), Site description: Principal components analysis was used to illustrate rclationships
between the cover and environmental variables. Relationships between coral community types
and these variables were also illustrated using PCA.

2). Community types: Site groups defined by community type were generated by hierarchical

cluster analysis of species-abundance in the bio-inventories of cach site. The species that best

characterized each community group (key indicator taxa) were determined, based on relative

L

abundance and fidelity (percentage occurrence of sites in each group).
3). Conservation value: The rclative conservation values of individual sites and larger areas,
~in terms of their importance as reservoirs of biodiversity and replenishment, were determined

using ccological indices.

Reef Check surveys

Quantitative estimatces of average cover ol living and dead hard corals and soft corals

in the Reef Check sites was calculated from the line fransect data.

3. Results
3-1. Reef types and development -

The Model Area supports a coral reef tract compos:ed of a wide range of reef types of
generally high ccological integrity. These include mainland fringing reefs, island ﬁ'inging
reefs, platform, submerged and ‘reticulate’ patch.reefs, and barricr recfs. chcls of recf
devclopment varied widc'l'y, {rom submcrged patch reefs with no reef flat, to large platform
and barrier reefs with reef flats often > 100 m wide, sometimes suppérting sand-coral

islands. Notably Al-Wajh Bank supports the longest near-continuous barrier reef system in the -
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Siudy Region, stretching for ~ 100 km along the outer scaward edge of the Bank and divided

only by several narrow channels (< 200 m width).

3-2. Coral cover

Within the Model Area, living stony coral cover ranged from < 10 % o ~ 75 %
(average ~ 42 %), solt coral cover ranged from < 1 to ~ 50 % (average ~ 12 %) and dcad
corat cover from < 10 % to ~ 30 % (average ~ 8 %). Highest cover ol dead corals was caused
by predation by crown-of-thorns starfish Acanthaster planci, moderate-large populations of

which were present on most mid-Bank patch reefs in 1999.

3-3. Species divcréity and communily composition

Coral communities of the Model Area were composed of  ~ 200 spcci'es of reef-
building stony corals from S8 genera in 14 families of the Scleractinia, with the families
Acroporidae, Faviidae and Poritidac being predominant, both in terms of specics composition
and contributions to coral cover. A further ~ 30 taxa ol soft corals, hydrozoan ‘fire corals’,
gorgonians, corallimorpharians and zoanthids were also present, several specics of which
(Millepora and Sinularia spp.) were major reef-builders on some rects.

Some species in the assemblages have very widespread Indo-Pacific distributions,
others are widespread in the Indo-west Pacific, others in the central Indo-west Pacific, others
only in the Indian Ocean, W Indian Ocean or endemic (o the Red Sca. The communities also
included five species new to science (Anacropora sp. nov., Goniopora sp. nov., Cyphastrea 2
nov., Echinopo.m sp, nov. 1, Echinopora SP. nov. 2). Overall, there was a high degree of

homogeneity in species composition, with most sites having a subsct of the Model Area’s

- (and larger study region’s) species-pool. There were however, major differences in abundance

of particular {axa in certain biotopes, and thus clear zonation patterns in the structure of coral
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communities, related largely to degree ol exposure, water clarity, depth and stecpness of reef
slope:
1}. Exposed ~ semi-exposed biotopes
Community A, characteristic of mid - lower reef slopes

Mid - lower slope communities were composcd of diverse mixed assemblages of
encrusting and massive coral taxa. Key indicator coral specics include Montipora danae,
Fungia spp., Astreopora myrioph!hd!ma and A. gracilis, Pachyseris speciosa, Stylocoeniclla
guentheri and Leptoseris spp.
Community B, characteristic of reef crests — upper reef slopes

Coral communities of exposed reef crests were dominated by stout taxa of low
growth-form, adapted o high'wavc encergy (~ 2 m) and high water c]zirity. Key indicator
species include Acropora gemmifera, Leptoria phrygia, Hydnophora microconos, Stylophora
wellsi, Favia stelligera, Favites pentagona, Pocillopora verrucosa and Millepora spp.
2). Sheltered biotopes
Community C, characteristic of turbid areas

Coral communities of shellered biotopes were developed on the protected sides of
patch reels, in lagoons behind barrier reefs and inside sharms. These communities experience
little wave encrgy (% 0.5 m), although resuspension of fine scdiments can reduce water clarity.
Key indicator species include Montipora spp., Pavona decussata, Fungia concinna,

Cantharellus noumeae, Echinopora fruticulosg and E. forskaliana and Platygyra lamellina.

Community type D, characteristic of reef ‘cusps’

This community occurred in a wide range of habitats and depth ranges, but was
commonest on moderately-exposed reel corners (‘éills;.)s’). This communiiy had relatively low
fidelity among indicator taxa. Key indicator speeies include Acropora pharaonis, ()ulophyl!fa'
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crispa, Favia rotundata, Diploastrea heliopora, Barabattoia amicorum and Clenactis

echinaty.

3-4. Present status - disturbances

There was litte direct human impact (c.g. destructive fishing, anchor damage, coral
mining or pollution) on the majority of reefs. There was also little evidence of coral bleaching.
However, some coral communitics had been adversely affected by predation by crown-of-
thorns starfish Acanthaster planci, with populations estimated at up to ~ 100 starfish ha'l,
Predation had caused loss of living stony coral cover and shifts in coral community siructure
and relative zibundance at most mid-Bank paich reefs. Specimens of A planci. were mostly
small (15 - 30 cm diameter). Their small size notwithstanding, most animals were gravid,
developing gametes for spawning, probably during the summer period. Such spawning could
initiate outbreaks of the starfish on other reefs in the Model Arca and study region gencrally
over the next several years. The moderate - high abundance of A. planci in Al-Wajh Bank may

be related to fishing of predatory fishes in the familics Lethrinidae, Balistidae, Serranidac and

Lutjanidac.

4-1. Conservation value

" Recfs of special conservation si ghil’i cance in terms of reprcsentativeness-uni.qucxicss
and ‘ciua}ity’l (i.c. high species diversity, high coral cover, and importance as reservoirs of
biodiversity and. replenishment) were widely distributed within the Model Area (Table 10).
Thésc sites are. mostly 10.(':atcd on mid-Bank patch rects and outer barrier reefs, and pr'ov_ide
good rcprcscnl'ation. of the four major coral communily types. These rccfs. should be
considered a high priority for fulure conservation.

51



Table 10. Sites in Al-Wajh Bank of special management significance in terms of high
conservation values. GPS locations are listed in Appendix C1. Reef types: B — Barrier, P -
" Patch, IF - Island Fringing. Hard coral cover ranks: 2 = 11-30 %, 3 = 31-50 %, 4 = 51-75 %.
Coral species diversity, ratings (1-10) within the Model Area for indices of replenishment
potential (CI) and rarity (V1), the presence of undescribed species and coral community type
arc listed for each site. n/a: not applicable — denotes thal the attribute was no important in the

specific site. Results for these sites are listed in Appendices of the main report.

Site | Reefname Reef | Hard Speceics Repleni | Rarity Undes | Comm-
Type | coral diversity - all | - (VhH er- unily
cover corals shment ibed Type %
) spp.
C77a | Sof Al-Wajh Bank | B 4 110 3 3 n/a A
CTda | Wol L. Qumma’an | B-P 3 11 1 6 y A
C78b | Sof Al-Wajh Bank § P 4 108 2 /a nfa B
C770 | 'S of Al Wajh Bank | B 4 70 4 |wa |y B
C70b | J. Umm Rumah P 3 67 nfa 1 y o C
(82b | S Al-Wajh Bank [ P 4 53 nfa 2 y C
C49a 1| S. J. Shaybarah P P 69 n/a n/a y D
C62a | J. Ummahat Shaykh | P 2 65 nfa wa y C
C67a 5 W . Qumma’an P 3 63 nfa 10 y C
C73b | Woll Qumma’an 13- 2 87 nfa n/a y A
C79a | SW . Q.umm:l‘an P 2 62 nfa nfa y C :
Cl0a | Sof L Quumaan | P |3 68 IR e T C E
C73a | Woll. Qumma’an | B-P 3 89 10 4 u/a A
C69a | J. Mizab B 2 77 n/a u/a 1/a D
C8la | S of I Juaur|P 3 84 9 7 nfa C
Shurayrat
Cdob | 8. of J. Shaybarah P 4 82 |5 nfa i/a B.
C23a | J. Raykhah IF 3 76 6 /a | n/a D
C69% | J. Mizab B 3 68 7 nfa wa B
C50b | S Al-Wajh Bank r 4 74 : 8 wa nfa B
Cé60a | STEJ. Qunnma’an P 2 79 nfa n/a nfa C
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4-2. Management Implications

Al-Wajh Bank supports a wide range ol reef types (and other marine and coastal
habitats), hosting diverse coral communitics including Red Sca endemic corals, presently
undescribed coral specics and species with apparently restricted distributions. This coral
community composition, and the likely high level of ecological connectedness because of
larval dispersal in ocean cwirents, afford Al-Wajh Bank great significance for [future

conservation. Thus the present study supports the carlier identification by NCWCD-IUCN of

- Al-Wajh Bank as an Environmentally-Sensitive Area of special conservation importance.

Most reefs of the Model Area were little affected by local human impact, other than by reef
fishing and some coastal liltering near villages. Some reels in the Model Area appear to be
naturally buffered against the wors! effects of coral bleaching, because of the prevalence of
cool water upwelling and their depth. The major threat to reel status in the Model Arca at

present arises 1?roﬁ predation by crown-of-thorns starfish. The starfish populations should be
monitored and il deemed nccessary, control programs may be implemented on worst-affected
reefs.

Because Al—Wajh Bank is already subject to a degree of human use, specific
decisions regarding l’ulurc. Marine Protected Areas zoning and managcmenl options may
require consideration of socio-economic and other factors additional to reel conservation
values. Within these consiraints, one potential approach'lo future MPA planning is the
creation oi cross-Bank zones of high conservation value (Biological Reserves or Special
Nature Reserves), from the mainla.ﬁd coast to the outer barrier reel system. For coral
communities, three sub-areas within the Model Area were of particular conservaiion
signiﬁcanéc: '

«  Central Bank from rnﬁinland coast — J. Qumma’an — channel — outer barrier reefs;
+  Southern Bank from mainland coast - retiﬁ:ulalc patches — J. Shaybarah — outer barrier
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recls;
«  South of the Bank to J. Jabal Hassan, from mainland coast — patch reels — outer barrier
recls.
In the overall zoning scheme for A-Wajh Bank and adjacent waters and reefs, these
sub-arcas (zonced for highest protection) could be ‘nested” within zones of lower conservation

status (Nature Reserve, Resource Use Rescrve).

1), Future monitoring: The Model Study has established a serics of Reef Check Si.lGS suitable
for continued monitoring ol both coral cover and reef fish abundances. It is recommended that
NCWCD continue to monitor the Reef Check sites (or a representative sub-set thereof) on an
annual basis. This would require development of a dedicaicd coral reef monitoring team.
Training during the present study has fostered sufficient expertise within the NCWCD Marine
Department for development of such a team. Various monitoring programs, most linked with
Reef Cheek and the Global Coral Reef Monitoring Network (GCRMN), already exist in many
Indo-Pacific countries, and consideration should be given to Saudi Arabia (through NCWCD)
becoming an official member of both Reet Check and GCRMN. This would facilitate the
continucd developmeni of coral reef monitoring and research within the Kingdom, essential
adjuncts to tuture MPA managcmcnl..
2). Further Rgsg_gzch: The present study has identified sites of special importance in terms of
coral communities in Al-Wajh Bank. Hoxvcvef, large gaps remain in the understanding of
these communiltics, partiéularly in relation to future managcrﬁent. Additional studies that
would be useful for management include:
* Coral reproduction — timing,
* occanographic connectivity within the region, in terms of determining likely ‘gourcc -
sink’ dispersal relationships for maintenance and replenishment of populations,
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* coral recruitment and growth rates,
* recovery of coral cover and community structure following disturbance,

* gencelics — linkages with other arcas.
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2.2.4. Seagrasses/Algac
1. Mcthods
Field survey for the Model Study was conducted in spring (16 February — 1 March

1999) and summer (6 - 16 June 1999). Coverage ol scagrasses and algac was obscrved to

analyse the relationship between scagrasses, algac and their physical cnvironments.

Obscrvations and sample collection were made in a bank transect line of the Model Area and
in its surrounding arcas. A total ol 59 quadral spots were surveyed in the bank transect. The
surveys were conducted by wading, snorkelling and SCUBA diving employing the quadrat
method. The coverage ol cach species or taxon and the composition rate of suh.;;lraium were

measured in a 9 m* quadrat.

2. Results

A total of 82 taxa including nine scagrasses taxa and 73 algal taxa occurred through
two ficld surveys. Numbcr of species in spring (58) and summer (51) showed liitle diffcféncc.
2-1. Scagrasses

The scagrass beds developed well in the coastal inlets, which were protected against
swell and wind-driven waves by reef lats. Broken waves became a moderate flow into the
inlets, which made conditions suitable [or seagrass bcdé. Scagrass in the coastal inlets was
found to grow at a depth of 12,2 m at maximum, though along the shoreline of the island
{(Jaziral Qumma’an), it occurred at the depth of 0.5 m at maximum.
2-2. Algace

Algac communities developed in the shaflow arcas cx'poscd to Wil.ld-driVCIl wWaves
and rapid current. These arcas arc situated on reel cdges, reef flats and reef patches, sustﬁining
macro algac of the gencra Sargassum, Cystoceira and Tzn'bz‘n_aria. A drifted Sargassum

community and a drifted Cladophora (green algac) communities were found in a sandy
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bottom arca which was protected against swell and strong wind-driven waves. Turl and small
algac were widely distributed outside and inside the barrier recf and were dominant on reet
[lats which had Tittle or no silt on the hard substrate,

In the sabkhahs of the super-tidal zone, Cyanophycea coverage was high. In the
subtidal zone, a Cyanophycca community was found in calm areas behind the barrier rect,
where silt particles originated from coral reef arc accumulaied and other vegetation can not
SrOW on.

2-3. Inventory
For biological inventory, scagrass Enhalus acoroides was discovered on the coast of

Al-Kawwarah, north of Umluj. This species was formerly known to have its northern

‘boundary at the coast in the vicinity of Jeddah (ALEEM 1979). The finding of this Study

extends its distribution boundary to the north. =

3. Discussion
3-1. Sédsonai difference

Tho.ugh the number of species showed little difference between spring and summer, a
scasonal difference apiaearcd in the coverage of macro algac. Turbinaria was abundant in
spr.ing, and was observed to start diminish in summer. Sargassum and Cystoceira showed
higher coverage in summer than in spring. These lindings indicated that Turbinaria reached
its maximum biomass in summ.cr, while Sargassum and Cystoceira might become most
abundant in autumn, then they bcgan to diminish, leaving only roots on the substrate, and later
they again started to grow.
3-2. Silts and marine flora

In .principlc, seagrasses grow on the sandy bottom and algae. are distributed on hard
substrates, such as rocks and dead coral recls. The distribulién of scagrasses and algac is
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regulated largely by the physical conditions of the sca. Reef slopes usually do not give an
attachment basis 1o algae, because the coral occupies them. On the reef edges, wave aclion
and rapid current flow bring no sedimentation of silt particles and reduce grazing pressurc on
algae from herbivorous fish, This condition allows turf/small algac to thrive there. Just behind
the recl cdge, a calm water arca appears, where negligible wave action and slow current flow
allow silt parlicics_ 01.'iginalcd from coral rect to deposit on the deep parts of the reef flat. Such
silty bottom allows only Cyanophyccae to cxist. The shallow sca bottom in the reel flat
receives wave action 1o remove sill so as to allow growth of scagrasses or macro algac. Reef
patches provide similar hydrographical conditions lo the reef edge and provide habitat to
.macro algae. Since the nearshore recf flat arca has a longer fetch of waves trom the barrier
reef, the higher wave hits the shallow nearshoré sca bottom. It sometimes forms a suitable
habitz_ﬂ for seagrasses and algae where silt particles do not deposil and herbivores can not
reach under the rough weather condition. -
3-3. Moniforing
Monitoring of seagrasses / algac is required to conscrve the wide varicly ol habitats
in the northern Red Sea coast of Saudi Arabia. Tt is useful and convenient to use a permanent
quadrat method, by setting up quadrats at fixed locations and conducting periodical
obscrvations in the quadréls. The items 1o be observed include:
- Number of species or taxa
- Coverage
- Individual number
- Total length of organism
- Thickness of silt on the substrate
- Thickness of silt on the plant leaf and silt coverage ratio

- Water temperalure
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- Animal bitec marks as an evidence of impact by herbivorous animals
The monitoring sites should be decided taking the accessibility into account because
the difficully to reach the sites tends to induce a low frequency of ficldwork. The frequency of

a monitoring survey should ideally be four times a year to cover four scasons.
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2.2.4. I'ishes
1. Methods

A belt transcet method was used to understand ecological changes of lish population
of the arca. Indicator species which are important for their ecosystem were selected based on
the results of Phasce [1. These are candidate species for a future environmental monitoring
survey.

SCUBA diving linc-transcet obscrvations based on Reef Check protocol and Global
Coral Reel Monitoring Network (GCRMN) protocol were undertaken. Thirty-three indicator

fishes were scleeted for monitoring.

2. Resulis
2-1. Indicator species

The survey was conducted at 29 depth-contours (spots) at 24 survey points.

The most often obscrved specics was Redsea Bannerflish Heniochus intermedius,
followed by Indian Ocean Longnose Parrotlish Hipposcarus harid and Yellowbar Angelfish
Pomacanthus maculosus.

Some degree of human impact, such as abandoned {ishing lines, fish nets and coral

destroyed by boat anchors, was obscrved at almost all survey spots.

3, Discussion and conclusion
3.1. Overlishing and monitoring
In this Model Study, monitoring the issue of overfishing was tried as one cxample.
Three fish specics are sclected [rom the commercial fish familics as representatives -
ol each l‘amily.' This is becausc many ol them were often on the mezju at restaurants alo_ng the
highway. They were observed at almost every survey spot: the number and the size of
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individuals are shown in Fig. 7. There are many species of commercial [ish familics around
Jazirat Qumma’an, beeause all three main commercial fish specics are obscrved there.

The diflerence in the number ol individuals and mcan length ol commercial fishes
between the two surveys (February and June 1999) is shown in Fig. 8. The survey was
conducted at the same spots on the east and west sides of Jazirat Qumma’an in both stages. In
this Model Study, a mcthod has been introduced to examine the issuc of the impact of
commercial fishing on fish populations and fish size. Since the surveys were conducted within
six months of cach other and the data were not suflicient to understand the effects of fishing
in the area, lurther moni.loring study is slronglf rccomlﬁended.

3-2. Monitoring of specics

Although 33 fish spccies were selected as the monitoring species, only three spccicé
were obseﬁed at almost all survey spots. To continue moni.toring fishes in Al-Wajh Bank, the
monitoring speeies are Ifccommended to be changed.

3-3. M(}llitoring site and methods
| It is suggcétcd that the arca arouﬁd Jazirat Ql]lhmzz;an is an idcal arca for monitoring
these species. This is because;

(1) some of these fish specics were obscrved,

(2) number of commercial l‘ish, especially Serranidac, is high,

3) there are many patch reels wilh.'high coral coverage,

(4) the total numbér of specics is high, and

(5) it has comparatively casicr access than other areas.

As a monitoring method for the issue of overfishing, an underwater size estimation
method was proposcd and undertaken in this study. But other methods might be considered,
such as test sampling by [fishing nct or fishing linc to measure fish size, body weight and
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Fig. 7. Number and size of three main commercial species.
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Iig. 8. Diiference in numbers of individuals and mean length of commercial tish in Feb. and June 1999.
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weight of reproductive organs. It is suggested that the most important thing is to conlinue

these surveys regularly -- at least once a year.
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2.2.5. Benthos
1..Methods

‘The monitoring survey mcthod should be casy and standardised so that monitoring
can be carricd out by anybody. For this purpose, sclection of moniloring specics should meet
the following requirements;

*  common occurrence in the Red Sea;

«  species that can casily be found and jdentificd; and

*  specics typical for each habitat such as tidal zonc and botiom type.

Prior to the survey, 17 monitoring species were selected (Table 11).

Table 11, Species monitored in the benthos survcey.

Phylum Scientific name English name
CRUSTACEA Scopimera cl.globosa stalk-eyed crab
CRUSTACEA Macrophthalmus cl.convexus Stalk-cyed crab
CRUSTACEA Uca cl.lactea perplexa fiddler crab
CRUSTACEA Uea cf.tetragnon fiddler crab
ECHINODERMAFA Digdema setosum dizdematid
ECHINODERMATFA Gehinometra mathei echinometrid
CCHINODERMATA Ophiocoma scolopendrina ophiocomid
MOLLUSCA Tridacna maxinm clam
MOELLUSCA Dendropoma maxima worm shell
MOLLUSCA Conus arenahis Sand Conc
MOLLUSCA  Cellana eucosniia limpet
MCLLUSCA Acanthopleira haddoni chitons
MOLLUSCA Nerita polita slipper winkle
MOLLUSCA Pinctada margaritifera Black-lip Peuri Shell
MOLLUSCA i‘cdum.spon dyloideum scallop
MOLLUSCA Coralliophila vielacea Violct Coral Shell
MOLLUSCA Lambis truncata sebae Spider Coach

A quadrat (3m x 3m) was set up on the typical bolfom of a survey spol, and an
overview of the l)oltom.conditio'ns such as mud, sand, bedrock, hard coral or scagrass was
recorded: The number of each mcmitoring species found in the quadrat was cqunled. However,
in the casc ol stalk-eyed crab .Scopimera cf.globosa, stalk-cyed crab Macrophthalmus

cf.convexus and Uca species, only nest holes were counted, because they hide in their holes
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when obscervers approach.

Among these species, the body size of the clam Tridacna maxima, Black-lip Pearl
Shell Pinctada margaritifera and Spider Conch Lambis truncata sebae were measured and
reccorded. This is because they are caught for consumption and monitoring information is
needed. In addition, il there were abundant or especially interesting specics, thesc were
recorded even il they were not among the specics selected for monitoring,

In principle, surveys of three quadrats per spot werc conducted and the average

number of obscrved species calculated.

The locations and habitats types of survey sites and spots in the benthos survey are
shown in Fig. 9. The number of survey sites is 17 and number of survey spots is 48. Ii was
found that various microhai)iiats existed in cach survey site,

The species ol benthos which were observed in the Bank-transect Area could be
observed anywhere in the Study Arca.

The most characteristic habitat in the Model area is the mangfove habitat and the
most impotlant sitc among thc_sc is the one at Dugm Sabq. The reasons arc that
Macrophthalmus species and Uca species which arc important for the tidal-flat ec_:osy.slem can
be obscrved at this site, and sites where these species can be observed are l.imitcd in the Study
Arca,

Since the intertidal zone has a complex bottom of sand and bedrock or patch reef, the
number and abundance of benthos are usually higher than at other survey sites in the Study
Arca. However, the number and zibundance ol benthos in the intertidal zone of the Modcl
Area are lower than at other sites outside Al-Wajh Bank. This is because almost all bottoms of

the intertidal zone in the Model Arca are covered with sand or silt. For example, the number
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and body size of Tridacna maxima observed at a coral recl in Al-Wajh Bank are smaller than

at other sites outside the bank.,

Mangroves

LA
é§§%§ Coral
& ¢

Sand

Seagrass

Bedrock

Fig. 9. Locations and habitat types of survey sites and spots in the benthos survey.

The characteristics of the benthos fauna of the Model Area are summarised as

follows:.

1. Numboer of specices is low
2. Abundance of cach species is low, and
3. Body size of Tridacna maxima is smaller than in other arcas.
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Al-Wajh Bank is a relatively closed environment, and the sca water between the
inside and the outside is not well exchanged: the sea water of the Model Area is therclore
muddy. An environment like this is suitable for macro benthos which live beneath the sand or
the silt rather than for megaro benthos which is the main subject of this study. It is assumed
that macro benthos such as Polychaeta or Amphipoda are important as a secondary producer
or food for benthos-feeding tish in Al-Wajh Bank. A survey on macro benthos could give an

accurate understanding ol the ecosystem ol the Model Arca.




2.2.6. Marine Mammals / Marine Turtles
1. Marine Mammals
1-1. Methods

The acrial transcet survey on Dugong lor the whole Al-Wajh Bank aiming (o cvaluate
the status of the Dugong population was conducted on 15 =16 February 1999, Adjacent
seagrass beds near to Al-Habban and Qara’ir coast guard stations and cast of Shaybarah island
were examined for evidence of Dugongs.

The present survey suggested a population of over 335 Dugong in the Al-Wajh Bank,
with little human disturbance, The calf ratio was 4.7%. A 22 % calf ratio was reported in
Hervey Bay, Australia in 1988, 1992 (PREEN 1995). Whether the calt ratio in the Model Area
indicates reproduction condition, a high call mortality rate, or bias in the method used nceds
fo be carefully evaluated.

The sighting of Dolphins was recorded though the spc-cics was not identificd. The
calf ratio was found 1o be 16 %. On_iy Indo-Pacific Humpback dolphin, Sousa chinen;sis was
confirmed in the Model arca in 1.‘598. Two species; Indo-Pacific Humpback Dolphin and Red
Sca Bottle-Nosed Dolphin inhabit inshore arcas, which means they are relatively vulnerable to
habitat Joss. The status and condit.ion of the species need to be evaluated carctully.

Iﬁ tront of Ghawash coast guard station where fishermen told ol frequent Dugong
sightings, the seagrass beds grow in the area protected to some degree [rom waves by the
patch reef. Five Spccies of scagrasses were found of which only S. isoetifolium was apparently

grazed by Dugong.

1-2. Conclusions -
A Dugong population of over 335 was estimaled in Al-Wajh Bank. The high
sensitivity of the population was suggested by the calf ratio and limited seagrass habitats. The
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intact environment of the Model arca is the tactor most contributing to their survival in the
harsh environment. The scagrass habitats in Al-Wajh Bank should be given special attention
for conservation management. Two inshore species of Dolphins; Red Sea Bottle-Nose
Dolphin and Indo-Pacilic Hump Back Dolphin need to be carelully evaluated in Al-Wajh

Bank.

2-1. Methods

The two major nesting islands for Hawksbill Turtle; Jazirat Jabal Hassan and Jazirat
al-Waqqadi wcre sclected for Model Arca Study. Nesting beach, nesting female and nest
examination surveys were conducted in May and June 1999,

1). Nesting Activi

Thirty one trucks and two nests of Hawksbill Turile, 15 trucks and 2 nests of Green
Turtles were observed in Jazirat Jabal Hassan areas. One Green.Turtle female laid eggs during
the survey. Al Ra’s Baridi, 13 new trucks of Green Turtle were tound on the beach. On Jazirat
al-Waqqadi where over 44 trucks and 39 nests were counted in the previous year, 38 trucks
and 15 nests were found in this season. All of the trucks and nests were of Hawksbili Turtics.
2. Ne o ¢ Hawksbill Turtle -

The average clutch size was 56.5+13.1 (n=4.), the number of yolkl.ess eggswas 31.8
+24.5 (n=4). The di.slance of the nesis from the sca water at high tide was between 3.5 and
6.7 m.  All ncsts were located within 3 m from the Ilearésl végciation but dircctly exposed to
the sun. The reproduction rate of Hawksbill Turtles in Model arca secems to be around less
than half of those in the Seychelles, Indian Ocean. The strait carapace length of a nesting
Hawksbill Turtle at al-Waqadi is 660 mm and b()dy wcight'is 30 kg, which is compa'ratively.

small for a nesting female,
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3). Sightings of marine turtles during the survey

Although coral reef habitat; a primary habitat for Hawksbill turlie, covers quite an
exiensive area in Al-Wajh Bank, the sighting of turtles was very limited. Only onc juvenile
Hawksbill turtle was sighted during the survey. All sightings of Green wrtles including non-

recorded one were estimated at sub-adult to adult size.

2-2. Conclusion
1), Hawksbill Turtle

In the Model Area, a relatively limited population duc 1o the food availability in the
- area is suggested. The signilicant ncslihg activitics take place in May — June. However, it
needs to be confirmed whether significant nesting activitics take place in Seplember- October.
The characteristics of the reproduction indicate high sensitivity of the turtle to any habitat loss
or modilication, cxploilation, accidents and other human activities. The exploitation of marine
turties by humans takes place but il is a QUitc incitdental cvent. The Model Area supports
resident and nesting populations of Hawksbill Turtle though the habitats are of marginal
condition or sub-optimum for them. The key factors of their survival need to be carcfully
studicd tor the purpose of conservation management.
2). Green Turtle

The results suggested therc are only a few resident Green Turtles in the Model Area.
The temperature suggests that nesting activity is {rom April to Junc at Ra’s Baridi. It is
essential to know the pcak nesting scason to have elfective monitoring programmes. Studies
on 1th migration pattern of the nesting population ol Green Turtles and the condition of the
'rcsidcnt po'p.ulation in the Model Arca arc needed for development of conservation

management programmes.
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3). Food availability (seagrasses and sponges), their bio-reproduction and fragility
Scagrasses and spongesare the main food for Hawksbill and Green Turtles
respectively. Their distribution, abundance and their reproduction in Model arca need to be

evaluated to develop clfective conservation management,
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2.2.7. Mangrovces / Coastal Vegetation
1. Methods
i-1. Quadrat census survey

In order to sct up monitoring points for vegetation, six typical transect lines which
had various plant communitics were set on Dugm Sabq and Jazirat Qumma’an in the Model
Arca. In addition to them, one mature Avicennia marina community at Al-Quif was added in
order to provide comparative data on community structure and soil conditions. Totally, the
number of sites (quadrats) was 18, including eight in mangroves. In the mangrove sites, seven
items (¢.g. DBH) were measured for cach individual Numbered PVC tags were attached to the
stems of all mangrove individuals of morc than lem DBH in the five typical mangrove sites.
With regard to the sites of salt marshes and desert vegetation, at least four items (scientilic
name, lecation, height and branph spread) were recorded.
1-2. Soil survey

In order to understand the rclzﬁionship between vegetation and its soil conditions,
soil surveys were condﬁc[ed at the same sites as of the quadrat census survey. [tems measured
in the soil survey were Eh {redox potential), salinity, pH, temperature, soil colour, soil type
and site drainage condition. All these items wcere measured or recorded at cight typical
mangroﬁc sites. Soil sampleS at 10 cm and 40 cm depths were collected in salt marshes and
desert vegetation at the same siles as in the quadrat survey. Alter transporting soil samples 1o
the field office in A]-Wz.ljh, EC (electrical éonduclivily.), sali'ni{y and pH were mcasured in a
soil / water suspension. Ai;ler dividing the air-dried soil, the proportion of the particles within
the soil was calculated according to the xvcighl of each particle group.
1-3. Mapping .e)l’ vegelation

Detailed vegetation maps (at lhc.scalc of 1:10,000) of two parts in the Model Arca
{around Dugm Sabq and Jazirat Qumma‘an) , the castern f)art of Jazirat Umm Rumah and Al-
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Oulf, were drawn by using the aerial photographs and results of the field surveys. Basically,
legends were decided according o the dominant species; however, mangroves were divided

not only by dominant species but also according to height and density.

2. Results
2-1. Quadrat census survey

~ The zonation pattern of the vegetation was very clear in cach transect line. A
common zonation paticrn from the seashore to the inland was as follows ; mangrove thickets

were distributed in lagoons or tidal crecks with shallow water, behind tht—; mangroves, the satt

marshes consisted of Halocnemum strobilacewm and Arthrocnemum macrostachyum forming -

a densce .sub-shrub community in a narrow belt parallel to the shoreline. Halopeplis pérfoliaia
formed a community with low coverage in atluvial sandy flats behind the salt marshes, and it
is replaced gradually by a Zygophyllum album community [ar from the shoreline.
2). Community structure of salt marshes and desert vegetation

The plant distributjon of sall marshes and desert vegelation in the sites had peculiar
patterns according to the dominant species. It has own community structure .01’ coverage,
density, pO])l.llilliOll size and height.
3. Mangrove types

Mangroves in the surveyed area varied in community structure such as dcflsity, height
and growing form. According to the growing specics, habital and com.m'unily siru;:lurc,
mangroves including mature mangrove of Al-Qulf arc categorised as six types,

) -CHSHS SHFYe

Summary of the indicative values related to the community structure is shown in

Table 12. The crown size increased in proportion to its height, but il.s ratio was different
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among the sites. The crown of A. maring tended to be bigger than that ol R mucronara.

Table 12. Summary of the indicative values in [ive sites with numbered tags.

Mean Total basal arca Total basul area
) Dominant Q"::‘fkm Number of  Density Mf'““ Mean diameler M breast height (end) at stem base (erd)
Site. . e, ., height  1DBI . e e e
species 2 individuals (/100 N o slem Caleulated Calemdated
() () (em) base (em) Actual data T, Actued dats o
for 100M for 100m
Site | R.m 200 57 288 2.1 1.9 33 418.6 2093 580.1 290.1
A.m 27 13.5 2.6 33 1.0 1326.7 6034 3790.6 1895.3
A.m, Rom 84 42 2.4 2.0 64 17454 872.1 4370.7 218536
Site 2 Run 25 14 56 3.0 5.0 5.1 6319 25274 3267 13069
Site 7 Am 50 17 34 1.9 2.3 52 401 3 ’02.7 9338 1867.7
Site 1S Am 100 15 15 1.8 1.6 10.3 3332 3332 15284 15284
Site 18 Aan 100 28 28 3.6 5.6 9.5 13615 1361.5 2606.9 2606.9

Rm : Rhizophora mucronata, Am : Avicennia marina.

2-2. Soil survey
The summary of the soil survey in mangrove sites is shown in Table 13. Though therc
was no clear difference between R. mucronata sites and A. marina sites in Eh (redox polential),
Eh scemed 1o indicate the dcgree' of mangrove development among the sites. The soils of the
: survcyed sites was alkaline, pH ranged from 7.2 to 7.9. Alinost all sites had a salinity (at 10
cm in depth) of less than 4.7%. But the salinity of site 8 located in the tidal mud of inner

~ Jazirat Qumma’an was exceptionally high at 9.4%.
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"Fable 13. Summary of the soil surveys in mangrove sifes.

Place. . DugmSabq __ ___ _ Jaziral Qumma’an o AQuit
No. i 2 3 4 5 6 7
Site No. CTD2-site TD3-site 1S TOlsite 2 TQ2site 7 TQ2-site 8 site 8 sitel 9%
L
Date Jun.5 Jun.6 Jun.8 Jun. 14 Jun.14 Jun. 13 Jun. 14
(199%) .
Dominant®! Rm + Am Am ' Rm Am Am Am Am
[Height (m) 25-4 2-25 2.5-3.9 1.5-3 25-3 1.6 -5.1 1-2
Depti(en) '
Soil type 10 Mud, sand  Mud, sand Mud, sand Sand Mud, sand Mud Sand, nud
40 Mud, sand Sand Mud, sand Sand Mud, sand Mud Sand, mud
Eh(mV) 10 -66.0 -37.1 -37.9 3793 3293 -74.9 84.0
40 -93.8 65.1 -86.8 384.3 177.7 -137.1 44.0
PH 10cm 7.4 7.5 15 7.9 7.3 1.4 72
40cm 7.3 7.3 73 7.7 7.3 - -
Salinity(%) 10cm 38 2.9 4.7 al 9.4 40 4.1
40cm 35 3.1 4.2 3.2 - - -

* 1. Rm : Rhizophora mucronata,

Am : Avicennia marina.

*2. Soil survey was only carried out in the site.

2). Soil conditions in salt marshes and desert vegetation

The soils of these siles were generally alkaline with a pH range from 8.2 to 9.6. The

salinity (in 1 : 5 soil / water suspension) ranged from .0 10 1.3 %. Each vegetation type had

its own salinity range. Usually, the upper part {at 10 ¢cm in depth) tended to show higher

salinity than the deeper part (at 40 cm in depth).

3L Vegetation maps

A. marina dwarl shrubs with less than 2m in height were distributed along the

shoreline in southern Dugm Sabg. The vegetation ol Dugm Sabq was a relatively monotonic

structure. A. maring communitics with various heights ol 2 - 6 m were distributed mosaically

along the seashore in Al-Qufl. The vegetation structure in Al-Quff was heterogencous

comparing with the other arcas. R. mucronata was distributed along the tidal ereeks in Jazirat

Qumma’an and Jazirat Umm Rumah. The inner tidal mud arca adjacent to these tidal creeks

submerged by the scawater at the high tide, were covered by A. marina dwarf thickets,

Arthrocnemum macrostachyum, Halocnemum strobilaceum and Cyanophyceae mats.
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3. Discussion and conclusion
3-1. Mangreve distribution in Al-Wajli Bank

Mangrove distributions in Al-Wajh Bank tend to concentrale in the eastern and/or
southern parts ol offshore islands. In Al-Wajh Bank, through the scasons north — west winds
prevail, and the north — west parts of oftshore islands dircetly reccive strong winds and waves.
The downwind side with less winds and waves is considercd a more lavourable habitat for
mangrove growth and seitlement.
3-2.R mucrona_té distribution

The northern tidal creck having R. mucronafa in Jazirat Umm Rumah (around
25°44°007°N) is considered the northernmost place of the whole distribution of k. mucronata
in Arabian regions.
3-3. Total destruction of R. mucrenata community on Umm Rumah

Total dc.struction of the R. mucronata community is caused by sand sedimentation.
Though this phcnon.a.enon occurs naturally, the status of the R. mz;rcronala community needs to
be monitored in order to protect the R. mucronata population from extinction.
3-4. The influence of grazing on mangroves

Damaged mangroves grazed by camels were found partly on the mainland coast. On

the basis of these observations, the depth of scawater is considered as the most clfective lactor

allowing camels to reach the mangroves. The limit of scawater preventing camel advance is

assuméd to be approximately 50 cm in depth.
3-5; The age of mangroves affected by cutting

Traditionally, mangroves werc used for n.ot only firewood bul also timbers for
building huts and boals. in Arabian r'cgions, and R. mucronata is prelerred to A, marina
(ORMO&Iﬁ et al. 1986.). After the discovery of he oil fields, the use of mangroves is supposed
to hziye reduced Qﬁdual]y. Conéidcring both the change in life style of local pcople and the

77



present state of the mangroves as mentioned above, it is assumed that the age of mangroves is
closcly connccted with the mangrove utilisation in the past.
3-6. Succession

In the case ol site 1 in Dugm Sabq, R. mucronata cocxisted with A. marina, The
former individuals seemed to be younger than the latter, and R. mucronata individuals were
distributed mainly at the landward cdge. From these facts, a hypothetical process of mangrove
formation in this sitc is assumed as follows. Initially A. marina germinated as the pioncer
sbccics and settled in a lagoon with shallow watcr, and their stems and rools accumulated
sands and mud as they grew in the site. After the formation of A. marina thickets, floating
viviparous seeds of R. mucronata reached ihe site from the offshore island with R. mucronata
community. It scttled the site and started growiﬁg under the protection from winds and wave
by A. marina. R. mucronata scedlings were abundant around the prop roots in site 1, though a

couple of A, marina seedlings were also found. This lact suggests that the regeneration of R.

mucronata is more active than A. marina in the site. From the vicwpoint of the dynamics of

mangrove community, it is recommended to continue monitoring this site.
3-7. Soil -~ vegetalion relationship

Since the soil conditions are so much changed by scasonal and daily tidal movements,
the information obtained by this survey is not suflicient to understand the soil conditions of
the sites. More detailed surveys concerning the mangrove soils will be needed in the future.
3-8, Evaluation on ihc arca of Al-Wajh Bank, l'uf sclecting a marine protected arca

The two offshore islands of Jazirat Qumma’an and Jazirat Umm Rumah, which have
tidal crecks ol R. mucronata, are evaluated as the most valuable in Al-Wajh Bank. Also Jazirat
Shaybarah should be evaluated as ot‘. high value, because ol its large distribution of A.
marina communities. Dugm Sabq on the mainland has an R. mucronata community mixéd
with A. marina, though its arca is small. This site is regardcd. as an imporlanl sit.e for
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monitoring.

3.9, Recommendation

Through the Model Arca Study, the present situation of mangroves / coastal

vegetation in Al-Wajh Bank has been understood, but is not sufficient to understand the

vegetatjon structure, dynamics and function. A more detailed and decper study on the basis

of the result will be needed in the [uture. The recommendations concerning the mangroves /

coastal vegetation are as follows ;

@®

® ®

@ @

Resurvey of the permanent quadrats

Survey of tidal [looding / inundation

Survey of grazing pressure

Social survey related to mangrove use, in the past and present

Using the acrial photographs taken in the past
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2.2.8. Birds
1, Methods

The Birds tcam co-ordinated its ficld survey work closcly with the Mangroves /
Coastal Vegelation tcam in order to understand the status of the avifauna together with the
vegelation on which the bird specics depend heavily for their survival.

Three survey sites were selected using the aerial photographs and the habitat maps;
two on the mainland (Dugm Sabq and Qara’ir ) and one on an island (Jazirat Qumma‘an). The
criteria for selecting the arcas were as follows; an area which represents one :oi’ the major
habitats in the Model Arca; and an area with casy access, where permancent monitoring lines
can be set up.

At the sites, census lines were set up: lines of about 2.5 km on the mainland and lines
of about 1.2 km on the island. Lines were set up in different habitats in the siles. Foﬁr lines
(Linc 1 — Linc 4) at Dugm Sabq, two lines (Line 5 — Line 6) at Jazirat Qumma‘an and one line
(Line 7) at Qara’ir were sct up.

The study was conducted in two different seasons: February 1999 aﬁd June 1999,

In June 1999, Al-Qult, about 100 ki north of Al-Wajh, was surveyed to compare the
avilauna with the ones in Dugm Sabq and on Jazirat Qumma’an, It is outside the Model Area.

Binoculars of 10 x 40 and 8 x 30 were uscd for the survey. The bird list is based on

the checklist in PORTER el al. (1996).

2. Results

Habitats and number ol recorded species on cachi line are summarised in Table 14.
2-1. Species and habitats

The composition of bird species and ﬁum ber oL individuals at each line are dif l'g:rc:.n.
This is believed to be a result of lh.c ditferences between their habitats. They arc also é\i‘fcclcd
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Table 14. Survey siles, lines, habitats and number of recorded bird species.

Suarvey site Line labitat No. of recorded species
Mmié“éiirlmry June
Dugm Sabg Line 1 The line is located along the shoreline. It is  30spp. 15 spp.

topographically flat. At the starting point,
there is a mangrove thickel (mainly Avicenia
maring), andl al the end of the line, there is
also a mangrove thicket (mainly Avicennia
marina). The vegetation type along the line i3

u salt marsh with  Arthrocremum

nuicrostachyum and Halocnienan
strobilacenm.
Linc2  The line is located abont S00m inland Line 1. 6 spp. 2 spp.

1t is topographically flat. lts vcgclation cover
is very low and it is dominated by Hulopeplis

perfoliata and Zygophyllum album.

Line3  The line is located along the shoreline. Tt is 25 spp. 7 spp.
' topographically flat and there are small sand

dunes. ‘The vegetation cover is low and is

dominated by Zygophyltum album. The soil

is mainly sandy.

Linc4  The line is localed about 500m intand Line 3. §0spp. O spp.
Its topographical feature is more complex
than the one of Line 2. Several small wadis
arc dcve!opéd it the arca. The vegetation is

dominated by Zygophyllum album.

Jaziral Qumuma‘an Linc5  The line is localed on the island. It extends 4 spp. 5 spp.

inland  from  the shoreline. It s
topographically Uat. There are mangrove
thickets (Avicennia marina), salt marsh and

dry land.

Linc 6 The line is located on the island. It runs along 7 spp. 7 spp.
and in  mangrove thickets (Rhizophora

mucronata and Avicennia maring).

Qara’ir Line 7  ‘Fhe line is located slong the shoreline. It is  18spp. 8 spp.
topographically flal. The vegetation cover is
very poor and there arc a few small patches of
Halopeplis perfoliata. The soil is mainly

sandy.
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by scason.
Ecbruary {winfer)

The species composition of Line T is similar to that of Line 3. At Lines T and 3, more
shorebirds and gulls (e.g. Dunlin Calidris alpina and Slcndcr—bill.cd Gull Larus genei) werc
obscrved than terrestrial birds. The species compositions of Lines 2 and 4 are similar but the
numbers ol certain species are different. The avifauna on the island was poor. Only one
terrestrial spécics (a lark) was observed on Line 7.

June (summer)

The number of bird species is very low. Crab Plover Dromas ardeola is the only
cxcept.ion. The species composition of Linc 1, 3 and 7 are similar. Only Osprey Pandion
haligetus and White-eyed Gull Larr,.fs leucophthlmus flew over Line 2, and no bird was
observed at Line 4. Al Line 5, few birds were observed. At Line 6 which is along mangrove
thickets, a warbler sp. was heard; Clamorous Warbler Acrocephalus stentoreus. or Alrican
Reed Warbler A. baeticatus.

Al-Quff, which is outside the Model Area, was surveyed to compare avifauna in

dilferent mangrove thickets. The main difference between the avifauna in Dugm Sabq and the

one in Al-Qufl is doves.
iscussion and conclusi
3-1. Species and habitats
Both in Fcb.ruary and June, the species composition and number of individuals were
different ili different habitats. On.lhc mainland, the lines along the shorelines had more bird
species and individuals than the ones inland.

The I’ol]owing' four habitats are important in the Mode] Area.
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1L Arid are

‘This habitat is the dominant one in the Model Arca. In both scasons, there were very
few birds obscrved in the habitatl.
2). Salt marshes

This habitat is developed narrowly along the shoreline at Linc l.'Gcneral]y there
were {ew species but a relatively high number of individuals were observed.
3). Wadis

The arca in which Linc 4 was sct up is the only place where wadis are observed in
the Model Area. Although the wadis are smali, the differences l;rom other habitats arc obvious
regarding species composition and their abundance in winler. It is a very important area,

4). Mangroves

Based on the Inventory Survey, these mangrove thickets ir_x.lhe Mode] area wc?e
expected to support many bird species and individuals. However, it scents they apparently do
not support them at this time as expected.

The Mangroves / Coastal Vegetation team conducted a comprehensive survey on
mangroves in the Model Area and Al-Qulf. .The mangrovc thickets in Al-Quft are moré
developed and have a more complex structure than those in any other si[é, which indicates
that the mangroves in Al-Quil are mature and the others are still in a young stage. This may
explain why the avilauna ol mangroves in Dugm Sabg and Jazirat Qumma’an is less complex
than the one in Al-Quift.

The arca of mangroves is the biggest in the Study Area and it is very important to
monitor the relationship between the mangroves and their a.vifauna.

3.2. Species and season

Based on the two ficld surveys in the Model Area, the scasonal difference is very

clear. There are many wintéring shorcbirds and gulls in February, and few of these 'bi:rds are
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observed in June. It is also indicated by the results of the Inventory Survey that the mangroves
provide migratory birds with resting places. In order o understand scasonal differences in
detail, it is recommended to conduct surveys on these same lines in autumn,
3-3. Conditions for monitoring survey

In order to conduct monitoring surveys, all conditions but scason nced to be the
same al cach time. Since the Study has been conducied under many restrictions; e.g. logistical
constraints ol Japancse mcmbcrsraml social conditions of Saudi counterparts, all these

condifions were nol mel.
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2.2.9. Leological transcel of the Model Area (Fig. 10)
In the Model Arca, many habitats were found along the ashore - offshore transect in
harmony with the physical environment. A typical ecological featurc i8 summariscd in the

following categorics. Each zone has its own physical and ccological characteristics.

Coaslal land area
Zone A: nearshore reef flat

Zone B: ccntr_a] reef [lat

"
s

Zone C: outer reef flat

.

A a

Zone D: [ringing reef
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3. SOCIAL ENVIRONMENT

3.1. Introduction

Socio-cconomic surveys were conducted in the Study Arca to determine the present
extent and future potential impacts of human activitics on the coastal biological environment.
Almost all local people in the Study Arca arc Muslims, They traditionally subsisted on
grazing, [ishing, and agriculture in wadis. While the local people conlinuc to be engaged in
thesc traditional occupations in this extremely dry and sparscly populated region,' the recent
influx of oil wealth and large SCé.llC development projects has been radically changing the

traditional ways of lifc.

3.2. Mcthods
i. Methods of the comprehensive survey in the Study Area

The Comprehensive Survey focused on three subjects, 1) general information, 2)
grazing and 3) fishing. General information consists ol a) population, b) large-scale

development projects that include oil plants, power plants, desalination plants and cement

factories, and ¢) waste disposal sites,

The in-depth socio-cconomic survey locused on two subjects, grazing and fishing.
Two survey methods were employed for this study, 1) interviewing local people and 2)

collecting inlormation lrom government offices.
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3.3. Resulis - Study Arca
1. Study Area
The Study Arca stretches over approximately 1,000 km from Hagql to Jeddah. Six

cities, Hagl, Duba, Al-Wajh, Umluj, Yanbu’ and Masturah, were selected as survey siles.
3 3 ? A o 2 }

2. General Information
2-1. Population distribution

Based on the distribution ol population, two distinct regions are defined in the Study
Arca (Table 160). The northern region in Tabuk administrative region is sparscly populated,
and accounts for two thirds of the Study Area. The southern region in Madinah (including
Yanbu’) and Makkah (including Jeddah) administrative regions is relatively densely populated.
In the northern region where people depend on the traditional industrics, there are relatively
few migrant workers of l’oréign nationalities. In the southern région, in Qonlrast, a higher
proportion of forcign migrant workers are attracted to onc of the most denscty populated
rcgions; in Saudi Arabia,. where manufacturing and the scrvice industrics are developed.
2-2. Large scale developments in the Stﬁdy Area

Large industrial planté, such as oil plants, power plants, desalination plants and
cement i’aétorics, arc located alon.g the co-ast of Red Sea (Fig.11). Espccially large
desalination plants are in Jeddah and Yﬁr:abu’, the surrounding arcas of which are denscly

populated.

3. Grazing .

As demand for livestock in Saudi Arabia has been inereasing, grazing continues to be
an important traditional industry in rural areas. There arc two types of grazing observed in the
Study Area.
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Table 16. Estimated population of the Study Arca,

Survey site Haq! Duba  Al-Wajh  Umluj Yanbu'  Masturah
Population (persons) 19,323 30,100 32,644 44091 172,086 5,207
Arca (km?) 5,043 15,750 15,000 16,000 4,250 25
Density persons/km” 34 2.5 22 2.8 40.5 208.3
Percentage of foreigners (1) 17.1 19.1 13.3 11.5 222 14.6
Administrative region Tabuk Madinah  Makkah
Population (persons) 486,134 1,084,947 4,467,670
Percentage of foreigner 17.3 228 37.8

1. Masturah is one district of Rabigh city.
2.Percentage of foreigners (1) is from the rate of non-Saudi in public hospital in 1997.
3, The data for Yanbu', Tabuk, Madinah and Makkah are from the population census of 1992.

35E 40E
Hashemlte Klngdom . . :
30N rofdordan b Ll e
V! -’Maan -...-‘E : :
i : : -
JAQaba ’,l : i T -
: 'AHan
Gulf of Suez - 7 JGulf of Agaba
N Legend
L] buba o
o\ ! @ . Desalination Plant
!\ A\ Therminal Electric Power Plant
o N AL-Wah lj : Cement Plant
o & . Oil Plant
Bhaybara H ' : : :
Egypt o . Madinah | |
25N [ o N B, G S AP s g
Yanbu' g
Port Berenfcé SN A Arﬁayis . :
' A Masturah Kingdom of Saudi Arabia
i ra : X
Rl : Rabigh
-~ (A‘i'huwal
© Sudan %eddah 5
: : O
0 50 200K o \ Makkah
[E— T ] EMUk&WWaI’ :

Fig. 11. Distribution of large industrial plants in the Study Area.
Source: Saline Water Conv. Corp. Annual Report 1996.
JCCME/IEPIC. 1998. Survey on Electric Power Generation in SaudlArabza
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3-1. Nomadic grazing

Full-scale Bedouins who tend both sheep and camels are nomads. Their camps are
pitched in rangelands far from towns. On the other hand, small-scale Bedouins arc usually
scitled in the suburbs ol towns, and live in houscs, tending sheep and goats. Mceanwhile,
camels are valued at least five times higher than sheep, thus, wealthy full-scale Bedouins can

atford to employ forcign migrant workers.

3-2. Stationary grazing combined with wadi agriculture

A combination of stationary grazing and wadi agriculture causcs relatively less
impact on the natural biological cnvironment in comparison with nomadic grazing.
Nonetheless, the elffects ol grazing by shecp on the natural vegetation of areas surrounding
their farms are inevitable, The typical form of wadi agriculture is a combination of tending
sheep and cu!tivalipn of date palms. Depending on quality and quantity of available water,
wadi fafmers can grow additional crops. Supported by a good walcr'wcll,. a farmer can grow
varieties of crops, chctables and fruits, wheréas a farmer who depends on a limited amount
of water of poor quality can grow few additional crops. With varieties ol crops the former
tends to depend more on agripulture, while the livelihood of the latter shifts more toward

grazing by increasing the number of sheep or by adding camels.

;l“hc Coast Guard oversecs all fishing ports and fishing boats in ll]js country.
4-1. 'Traditional fishing and ﬁshing pressure in the Study Arca

Extended coral reetfs are found along most ol the coast of the Red Sea. The usc ot
hand-held lines on :;m:lll bpats is especially suitable as ishing practice in the coral coastlines.
The number of l‘ishérmcn and boalé can indicate fishing pressure. Fig. 12 shows the number
of fishermen in the Study Area. Al-Azeczizh is the port of Yanlﬁu', and Al-Gad is located near
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Jeddah. In the southern region, the number of lishermen is much higher than in the northern
region, thus the (ishing pressure is considered higher in the south.
4-2. Participation of foreign fishermen

1t is common for a Saudi boat owner and employed non-Saudi fishcrmen to share
thc.ir income evenly. A non-Saudi fisherman could carn monthly between 1,500 and 2,000 SR
al most, which is a significantly good income for a non-Saudi migrant worker. Many of thé

migrant {ishermen are from Egypt, India and Bangladesh.

5. Assessment of the Study Area

Table 17 summarises impzlcls of human activities on the natural environment in the
Study Area. Two typical traditional occupations, nomadic grazing and fishing, scem to be
causing cxcessive impacts on natural resources (over-grazing and over-fishing). The
vegetation situation in the rangeland and the number of animals indicate a signi_l’icanl impact
of grazing. The number of fishermen indicates considerably high fishing prchure. As the
number of fishery workers increases towards the southern region 6f the Study Arca, [rom
Umlyj / Ra’s Baridi to Yanbu’ / Jeddah, the pressure on fisheries rcsour.ces becomes more
intensified. Furthermore, the southern region hosts a number of large-scale plant projects.

Therefore, it is not advisable to plan a marine protected area in the southern region.

3.4, Results - Model Avea
Al-Wajh Bank arca was sclected as the Modecl Area, where an in-depth socio-
€CONOINIC sSurvey waé; conducted, the main focus of which was on grazing and {ishing as the

traditional industries.
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Fig.'lz. Number of fishermen by category at each port (1996).

Table 17. Impact of human population and activities.

. Location
Impact - Subject Gulfof ~ Tiran Duba/ Al-Wajh Umlyj / Yanbu'/
: Aqaba Al-Wajh  Bank  Ra's Baridi Jeddah
Population 1 0 L 1 1 2
Activities . '
Development Desalination 1 0 1 1 1 3
Power Plant - 1 0 1 1 1 2
Qil Plant 0 0 { 0 0 2
Grazing Rangeland 1 0 2 2 2 2
o No. of Animals - 1 0 2 2 2 3
Fishing No. of Boats 1 0 1 1 2 3
' . No. of Fishermen 1 0 1 P 2 3

*1. Degree of impact : 3: high, 2: medium, 1: low 1, {): no data.
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2. Grazing
2-1. Nomadic grazing

Five familics of full-scale and six familics of small-scale Bedouins were interviewed
(Table 18). Groups of nomadic Bedouins who were signi[‘icanl'ly affecting the natural
vegetation in the Model Area were active in the area between Al-Khurj and Umluj. There are
three specially important ranging lands, Abar Umm Nitash, Al-Harrah and Umluj. The small-
scale Bedouins were based in the town of Umluj and its suburbs, A]—Harrah. In conlraél, some
[ull-scale Bedouin groups were basced in Abar Umm Nitash, which is sparsely populated, and
is focated as far as 60 km north from Umluj. Two major changes in the life style of Bedouins

were obscrved:

a) As it was found in the comprehensive survey that families of small-scale
Bedouins were settied in suburbs of towns and lived _in houses, while the families
of [ull-scale Bedouins also had been settled down. Even lhough they were living
in {ents away from towns, the [amilies had not mo‘..fcd for over 20 years.

by Four oul of five heads ol the lfamilies of tull-scale Bédouins were engaged i.n
regular cash-carning jobs in towns. Somc of them were scttled by highways in
houscs for the convchicncc of the long commuling by auiomobile to the towns for

work and for children’s schooling.

Despite the changing practice of grazing that has becen shifting more toward
purchasing fodder for their anima]s., the impact of grazing on natural vc'gctai'ion will con.liﬂuc _
to be a serious concern. Although their scales ol operations is small, a number of Bedouins
sctiled in the suburbs of towns will signil’ican.lly moclit'y the surrounding v'cgclalion,'whiic
large-scale grazing operations in remote arcas will aflect the coastal bio]ogic'al chvirbnménf,
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including the mangrove forests. Stationary grazing practice with wadi agriculture were not

obscrved in the Model Arca as a significant part of its cconomy.

3. Coastal fishing

There are cight fishfng ports along the 165-km coastline from Al-Wajh to Umluj.
Al-Khurj is the only onc port where fishermen can lish inside Al-Wajh Bank. Al-Harrah and
Al-Khawwarah arc important fishing ports which arc bases tor {ishermen to go to the main
fishing arca outside Al-Wajh Bank.

There are two types of [ishing practices, scll-employed independent lishermen and
fishing businesses. A scll-employed fisherman practices traditional fishing with one boat,
fishing daily alone or with another worker to sell fish at Jocal markets in Al-Wajh and Umluj.
A typical fishing business owns two or three boats, hiring foreign migrant workers. They sell
fish al markets in large cities such as Jeddah, Yanbu® and Madinah where tish prices are
considerably higher.

Business owners share the income {rom the catch evenly with their {foreign workers.
The pracficc of income sharing gives forcign workers an incentive o go on fislﬁng trips as
long as four days to caléh as many [ish as they can. The growing lish demand in large cities is
pushing these lishing businesses (0 expand their fishing operations rapidly.

Out of twenty Saudi boat-owners who were interviewed, live from Al-Wajh, twelve
from Umlyj and three from Yanbu’, cight were scif-employed independent fi:ﬂmrmen, and
twelve were Fishing business owners (Table 19). Nine of l.hc_m werce selling their catch at local
markets, and twenty-one at markets in large cities, tl.lus some of them were Sclling al local
markets and in cities. Fishing business owners were selling almost all their fish caught at the

Al-Wajh Bank coast in la'rgc cities. The study also indicated that the practice of fishing

businesses in the denscly populated southern region causes a significant impact on the
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‘Table 18, Typcs of grazing (Phase 1)

-] Saudi-owner Sheep  Camel  Living in Location Latitude Longitnde
%‘” Regular job Tent /House (N) (D]
Petrol station 300 15 House Abar Umm Nitash 252835 371012
e Officer 65 45 Tent Abar Umm Nitash 252825 371220
'%H C.G. soldier 80 18 Tent Abar Umm Nitash 253003 370929
= IMARA officer 40 20 House Al-Harrah 251417 371401
No 100 3 Tent South of Umluj 245215 371947
Desali. plant staff 30 12 House Al-Harrah 251417 371401
g No 40 3 Tent Abar Umm Nitash 253000 370930
= C.G. soldier 50 0 House South of Umlyj 245711 371650
% No 50 0 Tent Al-Harrah 251351 371835
£ No 20 2 Tent Abar Umm Nitash 252741 371126
No L0 0 Temt South of Umlyj 245214 371955
1. The border betweeen the two seales is 100 sheep.
2. Ome camel is evaluated as 5 sheep.
Table 19. Intervicw data on tishing, by type (Phase I11).
- Saudi owner Fishing Fishing day Fishing port Selling
:?’ Address No. of boats workers per Hime Loecation Market
Umlyj 4 SESL 4 day Al-Khurj no data
m Yanbu' 3 6 8. 4 day Al-Harrah Y.
'13“ Yanbu' 3 6 B. no data Al-Harrah Y. M.
‘% Umluyj 2 2 B335 no data Al-Khurj no data
N AL-Wajh 2 2 B. 2L 4 day Al-Khurj Y.
™ Unluj 2 28,28 4 day Al-Khurj Y. M. 1.
g Umluj 2 4 Saudi(famity) 5 day Al-Khuwwarah Y. M. I
g Yanbu' 2 3p. 4-6 day Al-Hurrah Y. M. L
2 Unlyj 1 3B 4 day Al-Harrah Y. M.
é Umlyj 1 11. | Saudi. I day Al-Kharj Y. M. L
= Umlyj 1 2 Saudi 5 day Al-Khawwarah Y. M.
Umluj 1 2 Saudi 1 day Al-Muraysi Y. U.
Al-Wujh I No (brother) 1 day Al-Wajh W,
Al-Wajh 1 No (son) i day Al-Wajh W.
¢ Al-Wajh 1 No (son) 1 day Al-Wajh - w.
¢ Al-Wajh 1 No 1 day Al-Wajh W,
= Umluj 1 No 3 days Al-Harrah u.
Lé Umluj 1 No 1 day Umluj u.
Umluj 1 No - lday Umlyj u.
Umluj 1 No (3 days) Umluj u.

1. Nationality of foreign workers: .= Bangladeshi, E.= Egyptian, I.= Indian, P.= Pakistani.
Number indicates number of workers. _ :
2. Selling Market: J.= Jeddab, M.=Madinah, U. = Umlij, Y.=Yanbu', W.=Al-Wajh

3. Under fishing workers,( ) indicates the hiring of family members as a icmporary worker.

96



Fisheries resources. The participation of a number of forcign migrant workers in the tishing

industry is partially responsible for the tishing pressure in the south.

3.5. Conclusion

In the northern region of the Study Area including the Model Arca, that is sparscly
populated and where there are a limited number of large-scale development projects, impacts
from devclopment projects on the natural biological cnvironment along the coast of northern

Red Sca, from the Gulf of Agaba to Umluj, are insignificant. In this region, however, grazing

and fishing contlinuc to be major causes of significant human—induccd impacts on the natural
resources.

The changing life style of [ull-scale nomadic Bedouins, who have become more or
Jess settied, can be a serious environmental concern since it could cause over-grazing in the
arcas surrounding their scttlements. The traditional practice of setting grazing land aside as
"hima" should be re-evaluated and implemented by local communities (o avoid major impacts
from grazing. Stationary grazing combined with wadi agriculture scems not to creale serious
environmental problems at the present time.

The growing demand for fish in large citics has been encouraging tishing businesses
1o expand their operations. While im'pac{s from the traditional [ishing practices on fisherics
resources arc relatively limited, the modern fishing businesses practice more indiscriminate
and intensive operations. If the trend of cxpa'nding fishing businesscs continues, the resulting
over-fishing may become a serious threat to the marine natural resources in the Model Area.

To conserve the coastal biological environment and to jmplemeat sustainable
practices of traditional industrics in local ércas, therefore, the following recommendation is
made:

1 the changing life styic of Bedouins should be continually monitored,;
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2)

3)

4)

practice of the 'hima' system should be studicd to sustain the grazing
industry;

operations of [ishing busincsses and the marketing/distribution systcms
should be monitored; and

marine protected areas should be established upon consideration of

sustaining the traditional fishing practices.
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4. HABITAT MAPS

4.1. Introduction

All habitats in the Study Area arc identified and categorised into simplified habitai
types. They are represented in different colours to make it ecasy to understand how each
habital type is distributed and exactly where it is. H provides NCWCD with a very clear idea

on the marine environment of the Study Arca.

4.2. Mcthods _
1. gla. tegorisation 51. { .habilgts

All acrial photographs were examined onc by one to cstablish the discrepancy levels
in such aspects as colour shifts until they were szitist’actori]y printed as 1:10,000 scale aerial
photographs.

| They were carefully analysed, and the habitats in the Study Arca were classified into

the categorics as shown in Table20).

The habitat maps include data on important information on the social environment,

such as factorics, larms and (ishing ports.
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Fable 20. Classification of habital categories and their characteristics ol colour and pattern.

Terresirial Iabitats Marine |labitats
D Desert q Sand
(yellow, orange, brown sysicms) ) {pale ocher, while, pale yellow)
Is [stand M Mud
) {vellow, orange, brown systems) (brownish gray)
Tidal flat Sand with Reel Patches (Coral less than
Tt | (browa, dark brown, moss green) Rp | 10%)
(scallered gray, brown)
Ro Emerged rock e Coral (coverage 11-30%)
(dark orange, dark brown) ) (white, gray, browa)
M Mangrove C2 Coral {coverage 31-50%)
] (dark green, brown) ’ (while, gray, brown)
Coastal vegetation Coral (coverage 51-75%)
vV . -3 -
(brow, greenish brown) {while, gray, brown)
Sabkhah (with Cyanophyceae and Salt Coral {coverage 76-100%) %
Sk | marsh) -4 | (white, gray, brown) g
(black, brown, gray)
S Salt marsh T/Sa Turl/Small algac
) (scallcred brownish green based Sabkhah) (scaticred pale or dark brown, black)
Fim Farm : Ma Macyo algac
{(conlirmed by forms) . {patched pale or dark browa, black)
Ly Fence of livestock Sy Seagrass ' .
{confirmed by forms) (patched dark bluish greenish black)
Fp Fishiilg port Cy Cyanophyceac (blue-green algae)
{confirmed by forms) (patched dark brown or true black)
T Town area Se Sca
(confirmed by forms) (blue, green)
Fe Faclory
{confirmed by forms)

The cniirc process ol drawing habitat maps was shown in Fig.13.
1} A index list of the photographs was made in order o [ind whichever phoiogﬁiph
nceded for analysis in the most efficient and casiest way,
2)  Coverage of cach habitat zone was hand-traced onto tracing papers.
3} The traced habitat map was reduced 1o the sca.lc of 1:50,000, and then traced onto a
topographical map of the same scale.
4)  Supplemental data and information bascd on the spot ground truth surveys and

acrial verifications were uscd to reinforce aerial photography analysis.
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T

Preparing the indices of cach acdal photography

{Line nio., Photo no., latitude and fongitude, flight condition)

¥

Zoning the various habitat areas to trace the acrial pholography at the same scale

¥

Acrial surveys

¥

> Completing the draft habitat map on the base map of scale 1:50,000

Applying to the habilat categories to cach traced zone I4

v

Reducing the traced map (nominal scale of 1: 10,000) to scale I 550,00@771

¥

_ Completing the blank Re Resnlts of actu
Retracing the redueed map on the base map of scale

_ areas lo use Satellife on-sife  surveys ar
1:50,000 j _ : .

imagery acrial verification

¥

Digitizing the habitat map on the base map in GIS system

¥

\

I Completing the mono-colour habital map of scale 1:50,000

v
| Reducing the habitat map of scale 1:50,000 to scale 1:100,000

¥

Colouring the habitat maps (o process by a computer

v

Compleling the coloured habitat maps of the enlire Study Area (seale 1: 100,000}

and the Model Arca(scale 1:50,600)

Fig. 13. Flow chart on drawing up process of the habitat maps (cells with bold lefiers arc
important steps).
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4.3. Resulis
1. Habitat maps

The habitat maps of the Study Arca (1:100,000) and the Model Arca (1:50,000) were
presented separately.

In the arcas of the Gulf of Agaba and south of Rabigh of which habitat maps were
completed by satellite imagery, the calegory of coral is represenied as only one category as
the coral coverage was nol capable of being analysed in detail on the prints of the satellite
imagery.

Varicd, large expanses of habitats arc found at the entrance 1o the Gulf of Agaba and
the area from Al-Wajh Bank to Jazirat Jabal Hassan and the area from Masturah to Rabi gh.

Al the entrance to the Gult of Agaba, the variely and expansiveness of habitats are
rankcd at the middle level because of the abscncé ol a mangrovc habitat.

In the northern part o’ Al-Wajh Bank, the varicty .01’ habitats is ranked the same as
that at the entrance fo the Gult of Aqaba. There are mangrove habitats, and the coverﬁge of
coral is monotonous compared with that of the southern part. The c;;pansc of habitats is
ranked at the high level in the northern part.

In the southern part of Al-Wajh Bank, the variety of habilaié is rankcd as the highest
le\_rcl because of its complex geomorphic features. The expanse ol habilalS in this area is
ranked at the higher level next to the northern part.

Considering both variely and expanse of llabitals; the southern part of Al-Waj h Balllk

is cvalualed as the most important and interesting site in the Study Arca.

rovement : i a

The habitat maps made in this study were mainly based on the aerial photographs

taken in summer rom 3™ Junc to 12% Jﬁly 1998, at an altitude of about 5,000 feet a.s.l. The -
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information from the ground truth surveys in winter (February 1999) and carly summer (June
1999} in the Model Arca was also taken into the habital maps to improve the precision ol the
acrial photograph analyses. Asrlhc inlormation of the ground truth surveys was limited due to
lack of time, only two scasons and scveral parts of the Study Area were covered in a hurry, so
complementary studies will be needed covering the entire Study Area in the future to upgrade
the precision of the habitat maps.

The habitats gradually change their quality and quantity, Alter a large-scale {lood, the
organisms in the inter-tidal zone and the shallow waier arca will be strongly aftlected by lots
of soil scdimcnlaiion and freshwater discharged from land: consequently, the habitats of these
organisms are cxpected 1o change. Therelore, acrial surveys and ground truth surveys should

be conducted at least once every 5 years, or immediately after a large scale flood, il any.



5. GIFOGRAPHICAL INFORMATION SYSTEM (GIS) / DATABASE

5.1 Inlroduction

An advantage of usi;.lg GIS is that data from dozens of s;.)urccs can be consolidated
on GIS ovcrlays. and the various rclationships between factors such as social cnvironmc-nl and
biological resources can be examined. It is also possible to monitor changes in these factors
over time. This cnables the Study Team members to understand environmental issucs affecting
the targcet arca.

The other ad\_mnl.agc is that it can .prcscnl very complex and technical data in a vi.siblc

way which is very casy to understand not only by prolessionals but also by non-specialists.

5.2 Structure of the database
1. Preparati b GAS database (digitising base maps)

Preparation for the base maps to make the GIS database was arranged by digitising
the 1/150,000 maritime charts. The arca is [rom Jeddah 1o the Gull ol Agaba near the border
of Jordan. The basc maps were digitised in vector format {or storage. It is recorded as distinet
points, lines, or areas (pelygons). Information on points, lines, and areas is encoded and
stored as collections of x-y coordinalces.

The Metcorology & Environmental Prolection Administration '(MEPA) provided
NCWCD the digital data which include the Red Sca coastal arca. Mainly, 1:50,000 marinc
charts were used for digitising. =5m, -10m and -15m sea depth data from MEPA was used in

this project,
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2. Data conversion

The data conversion process is to collect, coordinate, and clean up the data before it
can be converted to a digital format. When the data is compiled and all source records are
complete, these data will be attached to the corresponding graphic data features. Then graphic
data and attribute data are explicitly linked, so that there is | to 1 correspondence between
map leatures and atiribute data records. Aller this process is [inished, GIS can quickly scarch
through map data, looking for featurcs with certain characteristics or inspecting spatial

relationships among featurcs.

3. Structure of the database
In order o use GIS, the databasc siructure must be eslablished. The database

format is shown in Fig. 14.

l Dalabase |

Field survey

Field Data (Date,Placc,ete.)

/\cccss Dala

Pholograph

e Photograph Data .‘ (Image Information)

-———[Pholngmph Ime:prcialiﬂ]

Distribution {Polygon : Lat, Long.)

— Coral Disteibution (Polypon @ Lut, Long.)

Coastal Vegetation Distribution {Polygen: Lat., Long.}

— Seagrusses Distribution {Polygon : Lat,, Long.)

——— Turtules Distiibution (Polygon : Lav, Lang.)

Social Envirenmentl Distribation {Polygon: Lat., Long.)

[Sea Chart (1/150,000) ]
- Map

{Boundary :

Lat, Long.)

." . . 9 : Isfand {Boundary ;
I'ig.14. Database format. - : @ onndary

Lat., Long.)

105 " Sea Depih ?" (Line

Lat, L()ng.)



5.3. GIS software

For this project, GIS soltware ArcView (Ver.3.0) has been purchased. ArcView is a
desktop geographic information system made by Environmental Systems Rescarch Institute,
Inc{ESRI). ArcView is designed to meet the nceds of the largest possible number of users for
many purposes and it has the capabilitics for many types of applications. In order 1o obtain the
maximum capability of GIS, customising the software is necessary. Cust@misalion allows a

user 10 operale the GIS by single casy command. Examples ol customisation include an

interactive [ront-end driver programme, which uses a menu type system to control cach %
programme modulc.
The items in the customisation procedure are as tollows.

. Update Data: Icon to update data.

. Grid: Icon to overlay mesh on the map.

*  Scarch: Icon 1o scarch inventory data (using inventory code, classified name,

scientific name, Qbscrvcd date, and location).
*  Area Analyze: Icon for estimating arca. )
- E

’ GPS locus (location): Ieon to draw a line using GPS data. ’

. MakeLayout: leon for making layout automatically.

. ZoominMesh: Icon to zoom.

. Info.rmz'nion: Icon to shows inve_ntory information.

. Search with Mouse: Icon 1o search iterns usihg mouse.

5.4 Counlerpart training
GIS is a new technology which represents ditterent ways of manipulating geographic
information. Introduction of the GIS is nccessary for uscrs to become knowledgeable about -
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this tcchnology. Even people who are lamiliar with computer commands and keyboard
instructions, may bc very unfamiliar with computer mapping concepls and computer-based
geographic information handling. Therclore, a series of GIS counterpart training scssions was
planncd to improve counterparts” skills and to make better use of this system.

Major cxereises conducted are listed below.

Classilying features bascd on their attributes

Measuring distance and arca in a view

Managing scale
Managing tabular data

Analysing spatial relationships

@ @ ® @ ® ©

Presenting inlormation

Alter the basic training is finished, it is also important to offer advanced training,
which provides counterparts with the opportunity to improve their skills and 1o make betler

use of the GIS. The key goals of the advanced fraining are as follows,

¢ Understanding techniques for making databasc lor GIS.
*  Lcarning how to usc GIS in various ficlds.

*  Lcarning how 1o usc GIS softwarc, especially ArcView,

{07



6. EVALUATION OF THE STUDY RESULTS

6.1 Iniroduction

The Study Arca extends 1,000 km long and has a width of 1 km from shorcline to
land and up to 15 m depth of marine environment. The present data is limited within this arca.
Species identification is conducied by conventional techniques within the Study time frame.

New scientific classification technology using genetic analysis might bring dilterent results in

o

{uture. The Study is primarily targeted to understand the structure of the cecosystems, not their
functions and linkages as these may be done in future. The habitat maps show mosaics of
habitats of the land and sca in the Study Arca. Interaction and/or intervention among the
habitats could not be evaluated due to the lack of physical data such as the oceanographyical

ones. Thus, the Study results evaluate the present status within these limitations.

6.2. Summary map (Fig. 15)
Compilation ol appropriatc data from the Study into one map is the easicst way for

decision makers or protected arca planners to understand the current natural environmental

status visually. The following data are indexed into summary data sheels by compilation él'
natural and social environment data;

Extent ol areas shaliower than 20m dcplli; numbers of habilat calcgbries, extent of
habitat {(Extent ol arcas shallower than .2(_)m dbplh)X(Numbcrs of Habitat catcgorics)}, extent
of corat { 2 (Coral coverage of fank('l —.S)X(COI’:II extent of rank 1-5)}, extent of colonics of
scagrasses, cxtent of colonies of algac, extent of mangrove communilics, extent of colonics of
Cyanophyceac, extent of tidal flat, existence ol industrial plants, number of fishing boats.

The natural environment of the Study Area is ranked into five categories in the
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il Rank 1
-] Rank 2
B Rank 3
3 Rank 4
B Rank 5

100 0 100 200 Kilometers

Fig. 15. Summary map of the Sludy Area.
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summary map. The mouth of the Gulf of Agaba, Al-Khuraybah, Al-Wajh Bank, Umluj to
Sharm Shabaan and Al-Hajir (north of Ra’s Masturah) areas are evaluated as high rank (3-5)
arcas. The following three statuses can be considered from a management point of view.:

1. Priority conservation area (Rank 3-5),

2. Strategic environment management area (Rank 2); and

3. Multiple area (Rank 1).

Based on these rankings, comprchensive regional marine resources and %
environmental management policies ahd plans could be drawn. The comprehensive approach
to the regional énvironment can assure a healthy regional ecosystem and cont;inuation of its
productivity. The regional environment management is to be cored by establishment of marine

protecied arcas.

6.3 Priority conservation arcas
The Study results provide sulficient understanding of the current status and

characteristics of the environment using the latest scientific technology. Priority areas which

can represent the Study Area are identilied by the summary map. Considering the conncectivity
of the arcas, the priority conscrvation areas may be considered as three; 1) Tiran area (the
mouth of the Gult of Aqaba — Al-Khuraybah), 2) Al-Wajh Bank plus surrounding (Sharm
Habban — Sharm Shabaan}, 3) Al—Hajir.(norlh of Ra’s Masturah).

The three priority conscrvation arcas have significance and pote.ntial tor
cstablishment of marine protected areas. A network ol marine protected areas in the
northern part of the Red Sea is the key component in comprehensive coastal and marine

environment man agem ent programimes.
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L. Delincation

The delincation ol the marine proteeted arca needs to be based on the true ccological
boundary with ccosystem structure and functions. Therctore, in order to make preecisce
delincation for mérinc protected arcas, key lunction arcas and linkages are to be identified.
The secasonal variations (lime components of the functions) ol these arcas are also to be
evaluated. With this information, precisc ccological boundarics will be drawn for the
delineation of marinc protected areas,

2. Objectives and zoning
._Objcctivcs and goal of conservation management nced to be determined by the

Kingdom in the process of establishment of marine protected areas. The clear objectives arc
the basis for clear management zoning.

| Sbiencc-hamcssed managémcnt plans are the most ctfective and ctficient. However,
the sciences in lhis field develop quile quickly and might bring dillerent results. Results from
monitoring surveys. mi.ghl rcquirb diffc:;enl management programmes. The habitals in the
priority conservation areas are unique and rather sensitive. The important fealure of
conservation managem.fmt 1% that both research and management programmes have enough
flex.ibility to accommodate new fin(iings, survey results and knowledge on the habitats.

Fine balaﬁcc is fo'i;nd to be the key for survival of many species in the harsh natural
environment, not only the terrestrial but also in the marine environment. This sensitivity of
species dnd habitats in fhc priority areas is to be [ully taken into consideration to develop
ctfective rhzmz@cmcnl brogrzunmi:s. Mon.itoring programmes nced to be conducted in a
syslem:ﬂic manﬁcr. Monitoring m'c_lhod.ology must be simple, practical and applicable in local
conditions of the areas. Monitoring prbgrammés on 'critica_l habitais and species need to be
Carcfﬁliy planned. The isolation levels of the endemic species are importzﬁﬂ key factors in
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biodiversity conservation and should be specially focused in conservation management
programmes. [nformation-gathering systems, cooperation among responsible authorities and

communitics are essential for effective conservation management and need (o be established.

6.4, Stralegic environmeni management arcas

The strategic environment management arca is essentially the surrounding arca of
priority conscrvation area, cxcluding city / town. The important habitats in the areas arc
benthic communities in enclosed of open bays which are more vulnerable than other arcas.
Offshore pinnacles and bedrock arcas somectimes provide key ccological [unctions such as
breeding and cou_rtship arcas for many animals. Thesc scattered important habitats are to be
focused on in the straicgic environment management areas since their ecological functions arc

nol studied,

6.5. Mulliplc usc areas

A multiple-use area is basically the vicinity of citics or towns where coastal
development takes place. Linkages between lerresirial and marine habitats in the area are
weaker than in tropical and subtropical areas duc io the physical environm.em. However, the
impacts [rom cities, cspecially coaétal development, desaliﬁation plants, scwage and solid
wasle, cause certain cffeets to the marine environment. In order to prov.ide a healthy living
environment for the city dweller and to confrol human iln])zlcts to pridrity conservation and
st.ralcgic environment arcas, impacts {rom human activities have to be moﬁitored and

managed.
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6.0. Recommendations

1. Establishment of marine protected
The Study provides sufficient information on the habitat structure with precise maps.
All information is integrated into GIS databasce lor cllicient conservation management. Three
priority conservation arcas arc identilied; Tiran, Al-Wajh Bank and its surroundings, and the
Al-Hajir arca. In order o establish marine protected arcas, the critical and important
ccological functions and linkages are to be identified in the priority conservation areas. The
delincation of marine protected arcas is to be drawn up from the identification of these.
Feasibility of establishment of marine protected areas is assessed in the social conditions of
the Kingdom.
2 E‘S!'!b“‘;hm!‘ni Qf m']nﬂ{'!’m!‘n] Programimes I'llﬁllldil]g malr]gcmgﬁt '!!’l]i[l{’ ‘"]!!

a{i!!u ',!l‘ u)s

First dcl’inc objectives and goal of a marine protected area. A zoning plan with
guidelines is the primary document that delines the straicgic {framework [or m.anagcmcnl.
Management progra'mmcs need to cénlain the {ollowing itcms;

*  Objectives of management

*  Boundary and arca description

*+ Resource description (area and location, geographic and habitat classification,

' conscr#ation.status, access and regional context, history and development)

’ -Physica; and biological features (landforms, bathymetry, tide, salinity and turbidity,
geology, curréms, precipitation, temperature, wind, terrestrial and marine fauna and flora)

* Management issues (conﬂ'icl, pollution and future demand)

*  Management n)]icics (objectives, zoning and guidelines)

*  Biological, énvimnmcmal and usage mon.ilori.ng

«  Bducation and inforrﬁation
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«  Enforcecment

«  Mainienance and administration (budgct and staffing}

«  Plant specics, animal species, special Teatures, past, present and proposed usc.

«  Zoning map

3. Lstablishment of management programmes_of strategic environment management
It is important to identify habitats which have important ecological functions and

linkages such as open and enclosed bays and offshore pinnacles. Focusing on the conservation

of the functions ol these habitals, management programmes of the stralegic environment

management areas are (o be prepared and cslablished.

4, Further studics and monitoring surveys

*  Monitoring survey of coral habitat with mcthodology in Reef Check and Global Corﬂ
Reef Monitoring Programmcs.

*  Study on predator-prey rclationship with coral habitats (fish, coral and crown-of-sca-
starlish) in Al-Wajh Bank cspcciaﬂly in the south.

*  Study on macro benthos such as Polychacta or Amphipoda for precise understanding of

a2

4
&

the ecosystems of Al-Wajh Bank.

+  Genetic or DNA study on Hawksbill Turtle in Al-Wajh Bank to undérstand isolation level
from the Indian Ocean population.

«  Study on distribution and abundance of sponges as a primafy food source foruHawk.sb.ill
Turtle in Al-Wajh Bank.

*  Study on migratioﬁ routeol Green Turtle nesting population in Al-Wajh Bank.

»  Study on reproduction status of Dugong population in Al-Wajh Bank

*  Survey on the permancent guadrats for vegetation dynamics andfor Sliccéésiozl.

*  Survey on scasonal changes of zwif:_luna.
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e Survey on interactions between the mangroves in Al-Wajh Bank and their fauna including

birds.

¢ Bvaluation of the habitat changes by comparison with existing previous acrial photos.

*  Monitoring survey on fishing ({ishermen, boats, [ishing yicld, sampling data of
monitoring specics)

*  Monitoring survey on fish in Al-Wajh Bank with Reef Check methodology.
»  Monitoring survey on grazing (number of livestock, herders, output and others).
S. International cooperation for coral reel monitoring

The Red Sea is becofning of more and more international interest in the global coral
reel conscrvation. Intcrnational monitoring programmes have been implemented with
participation of many countrics. The monitoring data of coral reef in the Red Sea have an
international significance. An important aspect of the monitoring survey is the continuity and

the systematism. The results of coral reef monitoring surveys will provide significant

information for global monitoring and the international linkage will bring up-to-date

knowledge and skills for effective coral reel conservation in the Red Sca. Thercfore,
international cooperation of coral reef monitoring for marine environment conservation in the
Red Sca should be established.
§.. [Education and public awarencss progr: ¢

Nature conservation can only be achicved with public participation, especially
con'lmu.nily support. The success of marine protected areas is largely dependant on
participation of local communities. The Study provides sufficient knowledge of habitat
structure (what biological resources they have) and the specimens of their inhabitants. Two
books targeled at public awarcness are produced by the Study; Marine Wildlife of the
Northern Saudi Arabian Coast of the Rcd.Sca (in Arabic and English) and Wonderful Naturc

of the Red Sca (in Arabic). Many photographs on the biological resources were taken in the
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Study. These outputs are an ideal tool Lor public education and awarcness. In order to promote
public understanding and support for coastal and marine environmental conservation through
cstablishment of marine protected arcas in the northern part of the Red Sea, cducational and
awareness programmes should be established and implemented centrally and locally. These
programmes will harness the public and governmental support on coastal and marine

cnvironment conservation programmes,
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