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FOREWORD

PERSGA took the initiative during the execution of the Strategic Action Programme for
the Red Sea and Gulf of Aden (SAP) to underline the importance of conserving regional
habitats and biodiversity. The Habitats and Biodiversity Conservation component of the
SAP developed a strategy that contained five clear steps: (i) develop a set of standard
survey methods (SSMs) for the region, (ii) train national specialists to use these methods,
(ii1) execute regional surveys, (iv) prepare conservation plans, and (v) implement the plans.
In order to evaluate and monitor the status of marine habitats and biodiversity within the
Red Sea and Gulf of Aden, surveys must be undertaken that are comparable in extent,
nature, detail and output. Standardising survey methodology within the region is essential
to allow valid comparison of data, and for the formulation of conservation efforts that are
regionally applicable.

A guide—Standard Survey Methods for Key Habitats and Key Species in the Red Sea and
Gulf of Aden—was prepared following a review of the methods currently in use around the
world. PERSGA conducted a series of training courses for regional specialists to teach them
some of these specific methods. The training courses were also used as tools to evaluate the
methods and to determine their applicability to our region.

PERSGA has conducted two regional coral reef surveys. The first followed the preparation
of the SSM guide in 2002 and the second survey took place in 2008. Results show that the
reefs surveyed in the RSGA region are in a broadly similar condition to reefs in the Indo
Pacific region in spite of local stress from anthropogenic sources and from climate change.
Reefs still sustain healthy coverage of corals, fishes and other marine biodiversity and have
shown resilience over time and space.

This current status report forms a milestone publication for Red Sea and Gulf of Aden
coral reef environmental evaluation. It will help with an assessment of the efficiency of
ongoing conservation efforts in the region and assist in the development and improvement
of such efforts for the sustainability of regional marine resources.

2.7 7

Prof. Dr. Ziad Abou Ghararah
Secretary General
PERSGA
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EXECUTIVE SUMMARY

The Red Sea and Gulf of Aden (RSGA,) are globally distinguished by their great diversity of
marine environments, the number of unique species, and the importance of marine resources
to the social and economic development of the region. However, the RSGA region has
experienced rapid coastal development in the past four decades. This has been followed, in
some places, by degradation of the marine and coastal environments and loss of its potential
to sustain the livelinoods of coastal populations. The nations of the region have acted to
conserve these environments. PERSGA was established for organizing regional activities,
initiatives, and efforts for the conservation and sustainable use of natural resources.

Great advances have been made during the last two decades in management and in the
knowledge that has been gained about the marine environment of the RSGA. Data has been
collected, and reviews and reports prepared to assist decision making and conservation
measures.

Monitoring programmes for sensitive ecosystems were established during the Strategic
Action Programme (SAP) in order to standardize data collection and survey methodology,
and to compare the region’s status to similar regions in the world. Standard Survey Methods
(SSMs) were prepared for the region followed by training of national teams of experts in
these methods for accuracy, comparability, and the assurance of future surveys and data
collection exercises. PERSGA participated with member countries in two regional surveys
of coral reef ecosystems, the first during 2002 and the second during 2008. The two surveys
followed the designated SSMs; the latter survey also aimed to determine the minimum
number and location of sites for a long-term, regional, coral reef monitoring network.

This report presents data from the 2008 survey. A total of 36 sites (5 in Djibouti, 8 in Egypt,
3 in Jordan, 9 in Saudi Arabia, 4 in Sudan, and 7 in Yemen) were chosen by PERSGA and
national team experts. The sites were selected to ensure they demonstrated a range of essential
characteristics. These were based on their suitability for long-term monitoring activities and
included: accessibility of the sites for future surveys, safety measures, national capabilities
of team members, and logistics required in relation to the national facilities available.

Full Reef Check survey protocols, one of the PERSGA-SSMs, were used during the 2008
regional monitoring survey. This survey methodology is designed to provide a rapid, broad
scale assessment of the distribution and abundance of a number of fish and invertebrate
species that are known to be either indicators of reef health or susceptible to the effects of
fishing or collection. The method also provides a quantitative assessment of sessile benthic
cover, including corals. In addition, this survey method collects data concerning different
types of impact or impact symptoms, such as trash, coral damage, and coral bleaching.

In order to fix the survey location at each site for comparable long-term monitoring, a
detailed mapping of the exact position of each reef site was made in advance with the aid
of Google-Earth images, GPS, in-situ photographs, and Admiralty charts. The mapped
positions were adjusted, or fine-tuned, directly after the field visit to each site. A test of the
ease of relocating the reef sites using the revised maps was done during the survey period in
consultation with national team members.

Data from the regional survey of 2002 (from 52 sites) was reviewed and standardised to be
comparable with the 2008 data. This step was essential as the data sheets of the Reef Check

THE STATUS OF CORAL REEFS IN
THE RED SEA AND GULF OF ADEN: 2009

Xi



xii

were modified in 2006 by changing some indicator species and methods of data analysis and
interpretation. Comparisons between data of 2002 and of 2008 were carried out to detect
spatial and temporal changes. A one-way ANOVA test was performed for the abundance/
coverage of each indicator using compiled data for the different countries to detect any
regionally significant differences (p = 0.05). Data gathered during the two regional surveys
(2002 and 2008) were compiled for each country and are included in the appendices at the
end of this report. Furthermore, detailed maps of the surveyed locations and bottom profiles
of each site are also included. Comparisons with similar data gathered from other regions
of the world were carried out. The key findings of the analysis for the whole RSGA region
are as follows:

o Butterflyfish, indicators of the ornamental fish trade and overfishing, showed a mean
abundance slightly increased in 2008 over 2002. These abundance levels however,
were found to be lower than those recorded for the Indo-Pacific region as a whole
during 1997-2001.

. Sweetlips (Haemulidae), used as an indicator for line-fishing and spear-fishing, showed
similar abundances in the 2008 and 2002 surveys. These abundances were found to be
higher than those recorded for the Indo-Pacific region during 1997-2001.

o Grouper (with length greater than 30 cm), indicators for overfishing by line-fishing and
spear-fishing close to reef areas, showed mean abundances slightly decreased in 2008
compared to 2002. However these levels were higher than the recorded abundances for
the whole Indo-Pacific region during 1997-2001, but lower than those recorded for the
Red Sea in the same period.

o Snapper, an indicator for overfishing by nets close to reefs, showed a sharp decrease in
mean abundance in the 2008 surveys compared to 2002. These abundance levels were
still much higher than the abundances recorded for the whole Indo-Pacific region in
1997-2001.

o Parrotfish, an indicator for overfishing and controlling algal growth over coral reefs,
had similar mean abundances in 2008 and 2002. Similar abundance was recorded for
the whole Indo-Pacific region in the 1997-2001 surveys.

o Lobsters, an indicator for overfishing through direct collection from reefs, were
not found at 94% of sites during either the 2008 or 2002 surveys, indicating severe
overfishing. Absence of lobster records in 90% of the sites was recorded for the whole
Indo-Pacific region during 1997-2001 surveys.

o Long-spined sea urchins, Diadema, an indicator of problems with reef health if in
high abundance, showed a decrease in mean abundance in 2008 from 2002. Higher
abundances were recorded for the whole Indo-Pacific region in 2000 than in the RSGA
during 2008.

o Triton gastropods, an indicator of curio collection, were not found at about 90% of
sites during either the 2008 or 2002 surveys, indicating severe collection of this shell.
A similar situation was recorded for the whole Indo-Pacific region during 1997-2001.

° Giant clams, indicators for collection as food, curio, and ornamental shellfish, were
recorded at about 70% of the surveyed sites during 2002 and 2008. The recorded shells
were <20 cm in length, which are difficult sizes for collection. Higher abundances
were recorded for the whole Indo-Pacific region in the 1997-2001 period.

o Sea cucumbers, an indicator for collection as exported food, were recorded in more
sites during 2008 than in 2002, but with smaller sizes (mostly <10 cm), which might
reflect the disappearance of the large, commercial-sized individuals that are targeted
by fishermen. Most areas of the Indo-Pacific region were cleaned-out of sea cucumbers
by 2001.

. Crown-of-thorns starfish (COTS), which can cause major damage to reef corals
during outbreak periods, were detected at around 35% of the surveyed sites in both
2002 and 2008, and with higher abundances toward the southern end of the Red Sea.
Lower abundances were recorded for the whole Indo-Pacific region during 1997-2001
surveys.
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o Similar mean percentage cover of hard corals was recorded in 2008 and 2002 for the
whole RSGA region. Most of the sites had 10-50% coverage. Only 4 sites out of 36
(2008) and 7 sites out of 52 (2002) showed hard coral coverage of 50-70%. Similar
percentage covers were recorded for the Indo-Pacific region during 1997-2001.

o Nutrient indicator algae (NIA), an indicator of high nutrient input to the sea, showed a
sharp decrease in its coverage in 2008 from 2002. According to other global monitoring
data, the RSGA region showed lower symptoms of high nutrient loads, such as from
sewage pollution.

Some recommendations are suggested as priority actions to ensure better monitoring of the
coral reef environment which will help in the evaluation of conservation measures taken at
national and regional levels. These recommendations are:

1. Long-term coral reef environmental monitoring programmes should be developed
at the national level (in countries where such programmes are not yet executed), so
that monitoring resources can be allocated in a logical manner that best supports
management’s goals and ensures monitoring continuity.

2. Forall countries, PERSGA recommends setting up a network of monitoring sites using
Reef Check methodology as a first step towards “regional and globally comparable”
national monitoring programmes. When this network can be successfully funded and
maintained, then sites where more detailed monitoring is suitable can be added as
financial and scientific personnel become available.

3. An “ideal” two-level monitoring programme would have a few high-resolution sites
using more detailed survey methods such as those given in English et al. (1997), and
a larger number of lower-resolution sites monitored using the Reef Check method.
Such methods are included in the PERSGA-SSMs so that more detailed monitoring
protocols can be added when national teams have sufficient capacities and facilities.

4.  Due to the fact that the Reef Check protocol is based on community participation and
volunteer work, PERSGA and the official environmental authorities in each country
can use NGO support to engage volunteers in regular monitoring surveys. Reef Check
teams can then be mobilized to survey many more sites than is currently possible.
Accordingly, national teams can focus on more intensive methods at the high-resolution
sites, which are much more costly to survey, and each country can define the number
of high-resolution sites according to its capabilities and needs.

5. PERSGA should facilitate the cooperation of regional scientists with international
networks of scientists that are engaged in monitoring global sea water temperatures
for early warning signs of coral bleaching.

6. PERSGA maintains such integration with global initiatives but further efforts
should be advanced at the national level. National monitoring programmes should be
designed and implemented. In addition, networking national monitoring programmes
and including all data within the PERSGA database will facilitate the preparation of
regular regional status reports, allow regional and global comparisons to be made, and
assist in appropriate decision making and conservation efforts.
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RESUME DU RAPPORT

La mer Rouge et le golfe d’Aden forment une région exceptionnelle dans le monde par sa
grande diversité de son milieu marin, par le nombre d’espéces uniques et par I'importance de
ses ressources marines pour le developpement social et économique de la région. Cependant,
la région a connu une urbanisation rapide dans ces zones cotieres au cours des quatre
dernieres décennies suivi par une dégradation des milieux marins et cotiers et une perte de
son potentiel de subvenir comme moyens de subsistance pour les populations cétieres. Les
nations de la région ont agi pour préserver ces milieux en mettant en place ’Organisation
Régionale pour la Conservation de ’Environnement de la mer Rouge et du golfe d’Aden
— PERSGA qui représente 'une des majeures réalisations en matiere de la conservation de
I’environnement marin dans la région.

Dans cette région, des remarquables progres ont été accomplis au cours de deux derniéres
décennies en mati¢re de la gestion et de la prise de connaissance du milieu marin. Des
revues, des rapports et des collections de base des données ont été produits pour permettre
la prise de bonnes décisions et des actions adéquates pour la conservation.

Au cours du Programme d’Action Stratégique du 1999 a 2004, PERSGA a jeté les bases pour
une conservation régionale durable. Des programmes de surveillance pour les écosystémes
sensibles, I’évaluation de I’état environnemental de la région a I'instar des régions similaires
dans le monde ainsi qu’une normalisation de la collecte des données et la méthodologie de
I’enquéte sont les majeures réalisations de ce période. Une guide standard des méthodes
d’enquéte a été préparée par PERSGA suivi d’'une formation des équipes nationales des
experts sur ces méthodes qui couvre I’exactitude, la comparabilité et I’'assurance des futures
enquétes et collections de données. PERSGA a aussi réalis¢ avec les pays membres deux
enquétes régionales sur les récifs coralliens en 2002 et en 2008 qui ont suivi les principes
du guide des méthodes ci-dessus mentionné. La derniére enquéte visait a déterminer et fixer
un certain nombre de sites pour constituer le réseau régional des sites de suivi des récifs
coralliens.

Le présent rapport présente des données d’une enquéte menée en 2008. Un total de 36
sites (5 a Djibouti, 9 en Arabie Saoudite, 4 au Soudan et 7 au Yémen) ont été choisis par
des experts du PERSGA en collaboration avec des experts nationaux pour valider les sites
identifiées en fonction d’un certain nombre des critéres telle que la durabilité des activités
de surveillance, ’accessibilité du site pour des futures enquétes, les mesures de sécurité,
les capacités des membres des équipes nationales chargées de suivi ainsi que la logistique
nécessaire en fonction de la disponibilité des matériels dans chaque pays.

Protocole d’enquéte du Reef Check semblable au guide standard des méthodes d’enquéte
adopté par PERSGA, a été utilis¢é pendant I’enquéte de suivi régionale du 2008. Cette
méthode d’enquéte est congue pour fournir une évaluation rapide et a grande échelle de
la distribution et I’abondance d’un certain nombre de poissons et d’invertébrés connus en
tant que indicateurs de la santé des récifs ou leur sensibilité aux effets de la péche et de la
collecte. La méthode fournit aussi une évaluation quantitative de la couverture benthique
sessile y compris les coraux.

En outre, cette méthode d’enquéte permet de recueillir des données variables sur différents
types d’incidence ou l'incidence des symptomes, tels que les ordures, les dommages et le
blanchissement des coraux.
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Afin d’atteindre les objectifs de fixer les sites enquétées, une cartographie détaillée a été
utilisée pour la localisation exacte de chaque sites avec I’aide de Google Earth image, GPS,
des photographies in situ et des cartes amirauté et réajusté apres la visite de terrain de
chaque site.

Les données de I'enquéte du 2002 (de 52 sites) ont été revues et standardisée pour étre
comparables a des données de 2008. Cette étape était indispensable lorsque les fiches de
données de la Reef Check ont ét¢ modifiées en 2006 avec la modification de certaines
especes indicatrices et le mode de I’analyse des données et I'interprétation. Une comparaison
entre les données du 2002 et du 2008 a ét¢ menée pour détecter les changements spatiaux
et temporels. Une manicre de faire ce test ANOVA a été réalisée pour ’'abondance / la
couverture de chaque indicateur en utilisant les données compilées pour les différents pays
afin de détecter toute différence régionale significative (p = 0,05). Les données recueillies
au cours des deux enquétes régionales (2002 et 2008) ont été calculées, pour chaque pays, et
inclus dans les annexes du présent rapport. En outre, des cartes détaillées dans les localités
¢tudiées ainsi que les profils bas de chaque site sont aussi bien inclus dans les annexes. Une
comparaison avec la disposition «similaire» des données recueillies dans d’autres régions du
monde a été effectuée. Les principales conclusions de I’analyse pour toute la région RSGA
¢taient les suivantes:

o Poissons Chaetodou comme indicateur pour le commerce des poissons d'ornement
et de la surpéche, qui avait abondance moyenne a légérement augmenté en 2008
qu'en 2002. Ces abondances jugée inférieure a celles enregistrées pour l'ensemble de
I'Indopacifique pendant la période 1997-2001

o Les poissons Sweetlips (Haemulidae), comme indicateur pour une ligne de péche
de ligne et chasse sous-marine, a montré abondances similaires en 2008 et 2002.
Ces abondances sont avérées plus ¢levés que celles enregistrées pour l'ensemble de
I'Indopacifique au cours de 1997-2001.

. Les p01ssons mérou (avec une longueur supérieure a 30 cm), comme indicateur de
la surpéche a la linge et chasse sous — marin aux zones proches des coraux avait
une abondance moyenne légerement diminué en 2008 qu'elle ne 1'¢tait en 2002. Ces
abondances étaient plus élevées que les abondances enregistrées pour l'ensemble de
I'Indopacifique au cours de 1997-2001, mais inférieur a celles enregistrées pour la mer
Rouge, dans la méme période.

o poissons Vivaneau, comme indicateur de la surpéche par des filets de pres des récifs,
a démontré une forte diminution de I'abondance moyenne pendant I'année 2008 qu'elle
ne 1'était en 2002. Ces abondances sont beaucoup plus élevées que les abondances
enregistrées pour l'ensemble de 1'Indopacifique pendant la période 1997-2001.

o Les poissons perroquets, comme indicateur de la surpéche et a controler la croissance
des algues sur les récifs coralliens, avaient les mémes abondances moyennes en 2008
et 2002. Abondance similaire ont ét¢ enregistrée pour l'ensemble de I'Indopacifique
pendant la période 1997-2001.

o Les homards comme indicateur de surpéche a travers la collecte directe des coraux,
n'a pas été constaté dans 94% des sites au cours des deux enquétes du 2008 et du 2002
qui ont tous les deux montré une grave surexploitation. Zéro constant des homards
dans 90% des sites a été enregistrée pour l'ensemble de I'Indopacifique pendant la
période 1997-2001 enquétes

o Long épineux oursins Diadema noir, comme indicateur de problémes dans des
conditions de santé des récifs, a démontré diminution de I’abondance moyenne au
cours de 2008 que c’est au cours de 2002. Abondance plus importante a été enregistrée
pour I’ensemble de ’'Indopacifique en 2000 qu’il ne I’était en RSGA en 2008.

o Triton gastéropode, comme indicateur pour la collecte des curiosités, n'ont été
constatée chez environ 90% des sites étudiées durant les deux enquétes. Situation
similaire a été enregistrée pour l'ensemble de 1'Indopacifique pendant la période 1997-
2001 enquétes.
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o Les bénitiers, comme indicateur pour la collecte de nourriture, de curiosité et de
coquillage d'ornement, ont été enregistrés dans pres de 70% des sites étudié¢es durant
les deux enquétes. Les obus ont été enregistrées <20 cm de longueur qui sont de tailles
palourdes difficile pour la collecte. Abondances plus €levées ont été enregistrées pour
l'ensemble de 1'Indopacifique en période de 1997-2001.

° Concombre de mer, comme indicateur de collection comme denrées alimentaires
exportées, ont été enregistrées en plus de sites en 2008 qu'elle ne 1'était en 2002, avec
les petites tailles (principalement < 10 cm) ce qui pourrait refléter la disparition de la
taille des grandes entreprises commerciales ciblées par les pécheurs. La plupart des
régions de I'Indopacifique ont été nettoyés de concombre de mer en 2001.

o Couronne d'épine étoile de mer, comme indicateur pour ses principaux effets néfastes
sur les coraux pendant les périodes des flambées, ont été¢ détectées chez environ 35%
des sites étudiées durant les deux enquétes avec des abondances élevées aux régions
sud de la mer Rouge. Abondances plus faibles ont été enregistrées pour I'ensemble de
I'Indopacifique pendant la période 1997-2001 enquétes.

. pourcentage moyen similaire couvre de coraux durs ont été enregistrées en 2008 et 2002
pour toute la région RSGA. La plupart des sites avaient 10-50% de couverture avec
seulement 4 sites (sur 36) et 7 sites (sur 52) respectivement, ont montré la couverture
des coraux dur de 50-70%. Couvre prés le méme pourcentage ont été enregistrées
pour I'ensemble de 1'Indopacifique au cours de 1997-2001.

o Des ¢léments nutritifs des algues indicateurs, comme indicateur d'apport de nutriments
a la mer, a montré une forte diminution de la couverture en 2008 qu'elle ne l'était
en 2002.Selon les conclusions d'autres données de surveillance mondiale, la région
RSGA présentaient des symptomes inférieure de recevoir des charges en éléments
nutritifs tels que de la pollution des eaux usées.

Certaines recommandations ont été avancées comme des actions prioritaires dans le future
pour assurer un meilleur suivi pour les coraux; ce qui aidera l'évaluation des mesures de
conservation mise en place au niveau national et régional. Ces recommandations sont les
suivantes:

1. Développer un programme de suivi des coraux au niveau national en particulier aux
pays qui n'ont pas encore mis en place ce genre de programme. En effet, les ressources
financiéres pourraient étre utilisée efficacement et assurer ainsi un programme de
suivi durable.

2. Mettre en place un réseau des sites identifiées pour la surveillance en utilisant la
méthodologie Reef Check comme un étape vers un programme national de suivi
comparable a ces des autres pays du monde.

3. Leprogramme de suivi régulier des coraux devrait composer de deux grandes parties:
suivi a une haute résolution et une méthode détaillé sur un nombre limité des sites et
une faible résolution pour un large nombre des sites.

4.  Engager la société civile et les amateurs des coraux dans le programme de suivi
régulier. Les experts nationaux vont se vocaliser sur les sites qui demande beaucoup
des efforts et des ressources financieres.

5. PERSGA doit faciliter la coopération des chercheurs scientifiques de la région avec
les réseaux des chercheurs scientifiques internationaux engagés dans le programme
mondiale de suivide latempérature de lamer pour les signes d'alerte d'un blanchissement
des coraux.

6. Le programme de suivi des coraux au niveau national doit alimenter les bases des
données du PERSGA pour pouvoir inclure tous les informations dans un rapport
régional sur la statut des coraux de la région de la mer Rouge et du golfe d'Aden et
pour aider les décideurs politiques.
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INTRODUCTION

The Red Sea and Gulf of Aden region, and their associated animals and plants.
which includes the Gulfs of Aqaba and  Surroundedby aridterrestrial environments,
Suez, the Red Sea and the Gulf of Aden  which are themselves unique, these marine
(Map 1), contains unique coastal and marine ~ environments support rich biological
environments. Among the most notable = communities and representatives of several
is the extraordinary system of coral reefs  endangered species. The natural resources
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have supported coastal populations for
thousands of years, and nourished the
development of a maritime and trading
culture linking Arabia and Africa with
Europe and Asia.

In the last three decades, all countries
surrounding in the Red Sea and Gulf of
Aden (the Region) have had to address the
challenges of environmentally and socially
sustainable development. In addition,
political, economic, environmental and
social problems, demographic changes and
pressures have remained major constraints.
In spite of the significant differences
between countries in their economic,
social, and political status and development,
the countries of the Region share several
common environmental problems and
threats. These shared concerns have
provided a firm justification for regional
collaborative efforts.

It is imperative that national efforts to
improve institutional, policy and legislative
capacity for environmental protection be
fully supported. The cooperating parties
have, in varying ways, included sustainable
development as a key goal in most of
their national development plans and
strategies even though coastal and marine
environmental considerations still need to
be fully addressed in sectoral development
programmes.

The nations of the Region have approved
many new environmental laws and
standards in the last decade and particularly
since the adoption of the Jeddah Convention
and establishment of PERSGA. In their
determination to strengthen participation in
regional and international agreements, the
cooperating parties have signed or ratified
a number of conventions. In parallel there
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have been fruitful international efforts
and cooperation with the Region that have
focused on critical areas such as capacity
building, institutional development and
information services.

The present report reviews the recent and
current status of coral reef communities in
the Red Sea and Gulf of Aden, based on
data from the regional monitoring survey
carried out during 2008 led by PERSGA
experts in collaboration with national
expert teams from the PERSGA member
states. This survey and its report are built
on the foundations of earlier studies. It is
the first report to provide comparative
data on the status of coral reefs since the
establishment of the regional standard
survey methodologies and the training
of the national teams of experts on these
methodologies. It also bears the distinction
of being the crucial programme needed to
establish the regional network of long-term
coral reef monitoring sites.

The report describes in chapter 1 the
uniqueness of this marine environment
and the endemism of the organisms in the
Region. Chapter 2 deals briefly with the
different anthropogenic threats to these
coastal and marine environments. Chapter
3 recounts progress in marine conservation
effortsachieved by PERSGA and itsmember
states. Chapter 4 describes the regional
monitoring programme and the survey
methodologies used. Chapter 5 explains the
results of the recent survey and compares
the data temporally and spatially with coral
reef reports from other parts of the world.
Finally, Chapter 6 recommends some
priority actions which should be adopted
at national or regional levels to improve the
efficiency and support the sustainability of
marine conservation achievements.



1. THE UNIQUENESS OF
THE MARINE ENVIRONMENTS IN THE REGION

1.1 AREPOSITORY OF
BIODIVERSITY

The Red Sea is one of the most important
repositories of marine biodiversity in the
world. Its relative isolation and physical
conditions, which range from near-shore
shallows to depths of over 2,000 meters
in the central rift, have given rise to an
extraordinary range of ecosystems and
biological diversity. Its most renowned
expression is the elaborate system of coral
reefs. There are also mangroves, seagrass
beds, algal reefs, and intertidal habitats.
Species endemism in the Red Sea is
extremely high, particularly among some
groups of reef fishes and reef-associated
invertebrates.

The Gulf of Aden is strongly influenced
by the upwelling of cool, nutrient rich
waters during the south-west and north-
east monsoons and is characterized by a
prevailing high energy climate. These pose
major constraints on coral reef development,
hence only 5 percent of the Yemeni Gulf
of Aden coast is lined with fringing reefs.
Rocky cliffs alternating with long stretches
of littoral and sub-littoral sand along coastal
plains dominate the coastline. Some of
the sandy beaches, notably Ras Sharma
and Dhobbah (Ash Shihr) of Yemen, form
major nesting sites for green turtles in the
Region. Little is known about the coastal
and marine resources of the Gulf of Aden
coast of Somalia although recent visits

have revealed the occurrence of previously
unknown coral reefs and mangrove stands.

The Socotra Archipelago (YYemen) situated
at the eastern extreme of the Gulf of Aden
(Map 1), is of global significance for island
biodiversity and species endemism. Over
one third of its plants are endemic to the
archipelago, making it one of the top ten
island groups in the world in terms of
endemism. Many of these endemics are
remnant of an ancient flora which long
ago disappeared from the African-Arabian
mainland. Unlike many island groups in
the world, Socotra has remained virtually
untouched by modern development and
there is no evidence of recent extinction
or large-scale changes in the vegetation.
The marine environments of the Socotra
Archipelago remain largely in a pristine
state, unaltered by coastal pollution or over-
exploitation.

1.2 MAJOR MARINE
ENVIRONMENTS

The coastal and marine environments of
the RSGA consist of a range of ecosystems:
an arid coastal zone, coastal wetlands,
mangroves, seagrasses, and coral reefs.
These contrasting ecosystems are the basis
of much of the Region’s rich and unique
biodiversity, its fisheries production, its
conservation and recreational values. They
are also vital to the livelihood of the coastal
populations. They stabilize and protect
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the coastline, and buffer changes in water
quality. These ecosystems are linked by
the movement of water through them, and
a decline in the health of one will have an
impact on the others. The aridity of the
coastal zone has historically concentrated
human settlement near available water
supplies and created a traditionally heavy
reliance on the marine environment as a
source of food.

Seagrasses inhabit shallow and sheltered
waters throughout much of the Region.
The productivity of seagrass beds is greater
than comparable areas of both coral reefs
and mangroves. Seagrass roots stabilize
sediments, and in conjunction with nearby
mangroves, protect the coastline. Water
currents are reduced in the vicinity of
seagrass beds leading to the deposition
of fine sediments and the clarifying of
surrounding waters. Many marine animals
rely upon seagrass beds for shelter and food
including water birds, fish and crustaceans,
and the internationally important dugong
and green turtles. Commercially important
fish and crustaceans use seagrass beds
as nursery grounds. There are strong
connections between seagrass beds and
nearby coral reefs; nocturnally active
fish migrate at night from the reefs to the
seagrass beds to feed; dead seagrass leaves
carried offshore in currents become food for
animals inhabiting deeper marine habitats.

The coral reefs of the Region are composed
of approximately 200 species of stony
corals, representing the highest diversity in
any section of the Indian Ocean. The warm
water and absence of freshwater input
provide very suitable conditions for coral
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reef formation adjacent to the coastline. In
the northern Red Sea the coast is fringed
by an almost continuous band of coral
reef, which physically protects the nearby
shoreline. This beautiful environment is
extremely attractive as a tourist resource
and is currently visited by hundreds of
thousands of people each year, who dive,
walk, and swim in the waters adjacent to
the reefs. Further south the coastal shelf
becomes much broader and shallower and
the fringing reefs gradually disappear to
be replaced by shallow, sandy shorelines
and mangroves. Coral reefs become more
numerous offshore in this part of the Region.
Coral reefs also occur as offshore patch reefs
and reefs fringing islands. They provide
food and shelter for a large and diverse
fauna and flora. Most fishing activities in
the Region occur in shallow waters in the
vicinity of coral reefs.

Corals require a range of physical conditions
for healthy growth and reproduction, all
of which can be influenced by human
activities. Physical destruction, changes
in water quality—such as raised nutrient
levels, changes in salinity and temperature,
high levels of sedimentation and changes in
water currents, can all damage coral reefs.
Recovery, through new growth and larval
settlement, requires a considerable amount
of time and freedom from chronic stress.

1.3 MARINE ENDEMISM AND
BIODIVERSITY

The waters of the RSGA support many
internationally important species, notably
marine mammals, sea turtles and seabirds.
Marine mammals in the Region are
represented by cetaceans such as dolphins,



whales and dugong. Although dugong were
hunted in the past by artisanal fishermen,
this is no longer the case and where surveys
of their populations have been done, such
as in Saudi Arabian waters, the populations
are healthy. In the absence of major human
impacts, conservation of dugong is directed
towards conservation of their feeding
habitats, the seagrass beds. Sea turtles feed
and nest in the Region and at least three
species have been observed. They rely on
seagrass, algae, corals and invertebrates
for their food. Information on their status
is generally lacking and hunting by humans
continuous in some parts of the Region.

One consequence of the diversity of habitats
in the Red Sea and Gulf of Aden is the
great richness of marine flora and fauna.
Much of the available information is based
on research in the Red Sea, especially the
northern Red Sea; far less is known of the
flora and fauna of the Gulf of Aden (Kemp,
2000). The richness of hermatypic corals in
the Red Sea has been estimated to be 180-
200 species (Sheppard and Sheppard, 1991;
Sheppard et al., 1992). However, a recent
extensive study of the central-northern Red
Sea coastline of Saudi Arabia increased
this to a probable 260, based on recently
described species and range extensions (De
Vantier et al., 2000a). About 6% of Red Sea
coral species are believed to be endemic
(Sheppard et al., 1992). Approximately 200
species of scleractinian corals have been
reported from the Socotra Archipelago
in the Gulf of Aden. This is significant
for the conservation value of the Socotra
Archipelago, given the small area of coral
communities, and the similarity in richness
to the entire Red Sea (De Vantier et al.,
2000b). One hundred and seventy species
of echinoderms have been reported from

the Red Sea, of which just over 5% are
endemics (Sheppard et al., 1992). About 500
species of benthic algae have been recorded
from the Red Sea (Sheppard et al., 1992).
Ormond and Banaimoon (1994) report 160
species of macroalgae from the Hadramaut
region of the Gulf of Aden coastline of
Yemen. Planktonic organisms in the Red
Sea include 88 species of dinoflagellates
and 60 species of calanoid copepods in
the southern Red Sea and 46 in the north
(Sheppard et al., 1992).

About 1,350 species of fishes are known
from the Red Sea (Goren and Dor, 1994).
Distinct assemblages of fishes occur in the
Gulf of Suez; the Gulf of Agaba and the
central and northern Red Sea; the southern
Red Sea and the Gulf of Aden (Sheppard et
al., 1992). The level of endemism amongst
Red Sea fishes is about 17%; however,
as Sheppard et al. (1992) point out, this
average value has a great range. For
example, the level of endemism amongst
small benthic, territorial groups such as
dottybacks (Pseudochromidae) and triple
fins (Tripterygiidae) is about 90%, while
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endemics are almost absent amongst pelagic
species. Of the fauna associated with deep
sea sediments in the Red Sea (i.e. at least
2,000 m), 30% are believed to be endemic
(Chiffings, 1995). There are very few
accounts of the ichthyofauna of the Gulf
of Aden. Al-Sakaff and Essen (1999) listed
195 species of fishes caught in commercial
trawlers from the Gulf of Aden and Arabian
Sea coastline of Yemen. Kemp (2000)
surveyed the ichthyofauna of the Shabwa
and Hadramaut provinces of the Republic of
Yemen and recorded 267 species, including
eight new records.

The Red Sea and Gulf of Aden are important
for a number of significant marine species.
Three species of sea turtle are known
to feed and nest in the Region: green
(Chelonia mydas), hawksbill (Eretmochelys
imbricata) and loggerhead (Caretta caretta).
Important nesting grounds are located in
the Tiran Islands, Wajh Bank and Farasan
Islands (Saudi Arabia); the south Sinai of
Egypt (PERSGA, 2006); Dahlak Islands
(Eritrea); Ras Sharma and Dhobah (Yemen)
(Miller, 1989; PERSGA, 1998). The Ras
Sharma nesting site for green turtles is
internationally significant with about 10,000
females nesting there each year, making it
the second largest in the Arabian region.
In addition, the region between Jabal Aziz
Island and Perim is the most important
nesting ground for hawksbill turtles in the
Arabian region (PERSGA, 2006).

Surveys by Preen (1989) estimated that there
were 4,000 dugong (Dugong dugon) within
the Red Sea. They are dependent on healthy
seagrass beds for food. Important areas for
dugong within the Red Sea include the Tiran
Islands, Wajh Bank, Farasan Islands and
Jizan (Saudi Arabia) (Preen, 1989; Sheppard
etal., 1992). A separate review (Marsh et al.,
2002 —-cited in PERSGA/GEF, 2002a as
‘in press’) confirms the presence of dugong
along other parts of the Saudi Arabian coast
(Sharm Munaibara, Qirshan Island) and the
existence of common populations between
Saudi Arabia and Egypt around Tiran
Islands and in the Gulf of Agaba (Nabq
and Abu Galum Marine Park). Dugongs are
also found along the African coast of Egypt
(south of Quseir) and of Eritrea (Dahlak
National Park) (Marsh et al., 2002).
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Thirteen species of cetacean have been
reported from the Red Sea and Gulf of
Aden, including dolphins, toothed and
baleen whales. There have been few
systematic surveys making the identification
of significant sites for cetaceans difficult
(Gladstone and Fisher, 2000). Important
nesting and feeding grounds for seabirds
occur on the Gulf of Aden coast of Somalia
(Mait Island, Aibat, Saad ad-Din Island,
Saba Wanak); the Farasan Islands of Saudi
Arabia (Gladstone, 2000) and the Aden
wetlands in Yemen (PERSGA, 2006).




2. THREATS TO COASTAL
AND MARINE ENVIRONMENTS

2.1 ARANGE OF THREATS

The important coastal and marine
environments and resources of the Red Sea
and Gulf of Aden are subject to a series of
individualand cumulativethreatswhichhave
significant short- or long-term consequences
for sustainable development in the Region.
The threats include habitat destruction,
over-exploitation of living marine resources,
environmental degradation from petroleum
development, significant risks  from
marine transport, pollution from industrial
activities, diverse environmental impacts
from urban and tourism development and
a series of emerging environmental issues
associated with new types of economic
developments and use of new technologies,
as well as threats of a global nature such as
climate change. Some of the major threats to
coral reef environments in the Region that
could escalate from existing activities will
be discussed here briefly. More information
will be presented in a new report from
PERSGA titled — State of the Marine
Environment 2010 (in preparation).

2.2 CLEARING AND DEGRADATION
OF MANGROVES

Mangroves are prone to degradation or
removal duetodevelopmentandexploitation.
Mangroves are destroyed by land-filling and
are cleared for the construction of shrimp
ponds. In coastal areas, where the human
population is increasing rapidly, mangroves

are cut for firewood and for construction.
Grazing by camels reduces the height of
mangrove trees, their productivity, and
their reproductive capacity. Degradation
in mangroves leads to impacts on fish and
crustacean catches. These impacts are
compounded by a lack of awareness about
the importance of mangroves to the coastal
and marine environments, especially
the relationship  between mangroves
and fisheries, and by the limited use of
environmental assessment procedures.

2.3 LOSS OF SEAGRASS BEDS

Their location in shallow waters close
to the shoreline renders seagrasses very
susceptible to activities related to unplanned
and unmanaged urban, industrial, tourism,
and fishing activities. Seagrasses are
destroyed directly by dredging and land-
filling. Productivity is degraded by
changes in water flow caused by coastal
construction, by excessive sediment in the
water reducing available light, and by the
impacts of increased nutrients in the water
from sewage disposal. These problems are
compounded by a lack of information on
their distribution in some areas. Although
legally protected, seagrass beds are
destroyed by illegal trawling because of
difficulties in enforcement. Impacts on
seagrass beds affect the fauna which depend
upon them, most importantly turtles,
dugong, commercial fish and crustaceans,

and birds.
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2.4 DESTRUCTION OF CORAL
REEFS

Coral reefs throughout the Region are
being damaged by a variety of coastal
developments, such as land-filling for
urban expansion and tourist facilities.
Construction activities alter the flow of
clear seawater that corals need to survive.
Corals are affected by reduced light levels
and sometimes smothered by sediment
from dredging. Release of semi-treated
and untreated sewage directly onto coral
reefs causes a proliferation of algae that can
overgrow corals. Although coral reefs are
attractive to tourists, unmanaged diving
and reef-walking activities, and anchors
from boats destroy corals. Spoilt areas
become unattractive and the number of
animals living there declines. Damage to
coral reefs is further compounded by the
limited use of environmental assessment for
developments and low enforcement of the
existing regulations. A lack of awareness
about the importance of coral reefs and their
sensitivity puts them further at risk.

2.5 OVER-EXPLOITATION OF
RESOURCES

Over-exploitation of species, destruction
of spawning, nursery and feeding
grounds, improper resource management
and inadequate fisheries regulations, in
conjunction with a lack of law enforcement,
are barriers to sustainable development of
the Region’s rich living marine resources.
Ultimately, this poses a serious threat to the
biological diversity and productivity of the
Region, and puts at risk the livelihoods of
people engaged in potentially sustainable
activities, such as fisheries, aquaculture and
tourism.
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2.6 OVERFISHING

The status of fisheries in some nations
of the Region is unknown, because of a
lack of stock assessments and incomplete
fisheries statistics. Reported declines in
catches and average size of fish landed are
possible indicators of overfishing. Besides
finfish, catches of lobster and strombids are
rapidly declining. Cuttlefish stocks in major
fishing grounds have completely collapsed.
Although in some areas shrimp catches
have grown recently due to an increase
in fishing effort, in other areas there are
indications of stock depletion. The present
situation is attributed to destructive fishing
practices, possible exploitation beyond
maximum sustainable yield, the absence of
fisheries management plans, and a lack of
surveillance and enforcement of existing
regulations. Large amounts of by-catch
from net fishing, including turtles, dolphins
and finfish are discarded, almost invariably
dead.

2.7 UNREGULATED SHARK
FISHERIES

As top predators, sharks are critical to the
health of the Region’s marine ecosystems.
Populations can only increase slowly as
sharks produce a small number of offspring
each year. Hence they are very vulnerable
to stock collapse from overfishing, and
recovery takes several decades. The
traditional artisanal fishery in the Region
used to catch only small numbers of
sharks and the whole animal was utilized.
However, more recently, to meet the Asian
demand for shark-fins shark fishing has
increased and there are reports that fins are
removed, often while the shark is still alive,
and the body is thrown back into the sea




or deposited on offshore islands. Fins are
dried and sold to foreign vessels waiting in
international waters, thus escaping control.
Sharks are generally caught by lines but
also by nets which damage coral reefs.

2.8 CAPTURE OF MARINE
TURTLES

Throughout the southern Red Sea and
Gulf of Aden, turtles are caught either
accidentally or intentionally by fishermen.
Turtle oil, meat and eggs are eaten and
the shells are sold to tourists. Capture of
turtles, together with egg collection and
disturbance or destruction of nesting sites
and nesting beaches, has resulted in a
decline in nesting populations. In areas
with poor finfish resources, fishermen often
depend on turtles for subsidiary food. Stray
dogs that feed on turtle eggs and hatchlings
aggravate the problem in some areas. The
light coming from nearby urban areas and
coastal highways has a distorting effect
on the navigation system of newly hatched
turtles (they are attracted towards the light
and away from the sea) causing massive
casualties.

2.9 THREATS TO MARINE
MAMMALS

Knowledge of species composition and
population sizes of marine mammals in
the Region is limited. Detailed studies of
dugong, which are considered vulnerable
to extinction on a worldwide scale, exist
only for Saudi Arabia and Egypt. The Red
Sea population is estimated at up to 4,000
dugong. It seems that they are no longer
hunted systematically, but are frequently
taken as by-catch in trawls and nets. Their
meat is used for human consumption.
Destruction of seagrass beds poses an
additional threat. As slow swimmers living
in shallow water, dugong also suffer from
the increasing use of motor boats, which
may easily injure them near the water’s
surface.

2.10 PETROLEUM AND MARITIME
TRAFFIC

The global importance of petroleum and

the resulting maritime traffic poses a
serious threat to the fragile coastal and
marine environments of the semi-enclosed
waters of the Region. Routine operational
leaks and spills from the production and
transport of oil constitute the major source
of marine pollution. At the same time, the
growing risk of oil traffic-related accidents
urgently requires emergency response
plans combined with management skills, to
minimize risks and manage major spills.

2.11 MAJOR SOURCES OF MARINE
POLLUTION

In contrast to other regional seas around the
worldwhere most pollutioncomes from land-
based activities, the main source of marine
pollution in the Region is from ship-based
sources, oil exploitation and offshore oil
production. While production and transport
of oil continue to play a critical role in the
Region’s economy, they also constitute
major sources of marine pollution. The
marine pollution could be derived through
the discharge of oily ballast water and tank
washings by vessels, operational spills
from vessels loading or unloading at port,
accidental spills from foundered vessels,
and leaks from vessels in transit.

2.12 MUNICIPAL WASTEWATER

The discharge of municipal wastewater
continues to  present  considerable
management  problems, despite  the
significant progress made over the last
decade through investments to control
pollution from this source. Considerable
progress has been made in the Region in
the collection and treatment of municipal
wastewater. However, investments continue
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to be required for extension of collection
networks, expansion and upgrading of
treatment facilities, and development of
safe wastewater reuse and disposal systems.
Serious efforts are also needed to ensure
proper operation and maintenance and
reliable performance of existing treatment
facilities. While levels of discharge into
the waters of the Region are not as acute
as in other regional seas given the limited
number of major population centres, results
are cumulative and add to the stress already
imposed on fragile coastal habitats by oil
and other forms of marine pollution.

2.13 DREDGING AND FILLING

Dredging and filling operations associated
with  urban  expansion,  industrial
development and tourism along the coast
are a significant source of environmental
degradation in some areas of the Region.
Sedimentation from these operations
suffocates the surrounding coral reef
communities and has an adverse effect on
other ecosystemstowhich currentstransport
the suspended sediment. The net results are
the irreversible loss of the most productive
coastal ecosystems (mangroves, seagrass
beds, and coral reefs and their dependent
marine communities) and the potential
for local extinction of endemic species,
along with declines in the productivity of
surrounding areas such as shrimp grounds
and other demersal fisheries. Dredging
and filling also alter shorelines, leading
to erosion in some sites and accretion in
others.

2.14 IMPACTS FROM TOURISM

Thereare negative impacts of coastal tourism
in some parts of the Region. These impacts
include physical destruction of coastal
habitats by construction works, dredging,
and reclamation; anchor damage to corals by
tourist boats and coral breakage by divers;
pollution from wastewater discharge from
coastal resorts; over-exploitation of fish and
shellfish to meet increased demand from the
food and souvenir markets; disturbance to
wildlife such as nesting turtles and seabirds
leading to higher mortality and decreased
fecundity. The massive planned expansion
of tourism for both domestic and foreign
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visitors in coastal areas throughout the
Region creates a significantand vital demand
for effective integration of environmental
concerns into the planning of government-
supported infrastructure and private sector-
supported tourism facilities. Actions should
be taken over the short and medium term
to avoid potentially significant adverse
impacts which would undermine the ability
of the coastal and marine environments to
attract tourists to the Region.

2.15 TOURISM IN SUPPORT OF
CONSERVATION

Although tourism impacts are not as
prominent in the whole region, growing
tourism investment plans will potentially
cause environmental impacts on a regional
scale. The pressures from tourism are
spreading to new areas as popular sites
become over-used and as foreign tourists
continue to seek new, more exotic
destinations. However, when carefully
managed, marine tourism can provide
substantial revenue for conservation
projects. In Ras Mohammed National Park
in Egypt, fees collected from visitors and
diving tourists exceed the operational cost
of the marine park. In Jordan, there is the
potential to absorb part of the growing
revenue from the tourism industry in Aqaba
to support conservation efforts.

2.16 ORNAMENTAL FISH
COLLECTING

In recent years, the collection of reef fishes
for the aquarium trade has gained increasing
importance as a foreign currency earner.
However, the maximum sustainable yields of
the species collected are unknown and there
is no monitoring of collecting methods. The
survival rate of captured ornamental fish is
often very low due to imperfect handling



and transport (PERSGA/GEF, 2007). This
low survival rate, together with demands
from foreign markets and the depletion of
species in many parts of Asia, escalates the
pressure for exploitation. This practice can
also be harmful to the reef environment
if it involves the breaking of corals or the

use of cyanide. There is need for further
research into the effects of this activity
and its management. Furthermore, some
measures could be investigated to replenish
the market, such as aquaculture for targeted
ornamental fish species to reduce impacts
on wild stocks.
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3. TWO DECADES OF PROGRESS
IN MARINE CONSERVATION

3.1 BACKGROUND

PERSGA can trace its origins back to the
early 1970’s. The Arab League Educational,
Cultural and Scientific Organization,
ALECSO, with the assistance of UNESCO,
convened a meeting in Bremerhaven,
Germany in 1974 where initial ideas for
interdisciplinary research were discussed.
Subsequent meetings identified key
regional concerns and proposed plans of
activity, which gave rise to the ‘Programme
for the Environment of the Red Sea and
Gulf of Aden’ known as “PERSGA”. An
interim secretariat was established in
Cairo to implement this programme, under
the auspices of ALECSO. The secretariat
moved to Jeddah in 1980.

One of the most significant achievements of
PERSGA has been the development of new
international laws. In February 1982 the
plenipotentiaries of the governments in the
Region signed The Regional Convention for
the Conservation of the Red Sea and Gulf of
Aden Environment (the Jeddah Convention)
along with a Protocol Concerning Regional
Co-operation in  Combating Pollution
by Oil and other Harmful Substances in
Cases of Emergency. The main focus of
the Convention concerns the prevention,
reduction and fight against pollution. It also
includes an Article directing the contracting
parties to establish a regional organization
to implement the agreement.

This regional organization was established
in September 1995 under the umbrella of the
Arab League. At the first Council Meeting
in Egypt, the Cairo Declaration formally
announced the creation of the Regional
Organization for the Conservation of the
Environment of the Red Sea and Gulf of
Aden, which keeps the title “PERSGA”.

PERSGA is governed by a Council. This
is composed of the Ministers in charge of
the environment from each of the member
states. The Council meets annually to
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approve technical and financial policies. The
daily affairs are managed by the PERSGA
Secretariat, a small but dedicated team of
professionals drawn from the countries of
the Region. The Kingdom of Saudi Arabia
hosts the PERSGA Secretariat in Jeddah
and all of the member states contribute to
the budget.

PERSGA has implemented, and continues
to implement, a large number of projects
throughout the RSGA with funding from
ALECSO, the Islamic Development Bank,
the Global Environment Facility (GEF),
other international donors, and member
states.

The establishment of PERSGA has been
a pivotal step in a regional approach to
sustainable use and conservation of the
marine resources and environments. A
regional approachtothe marine environment
is essential given the semi-enclosed nature
of the Red Sea and the transboundary nature
of many issues.

One of the most ambitious programmes
executed by PERSGA was the Strategic
Action Programme (SAP) for the Red Sea
and Gulf of Aden, planned from 1995 to
1998 and carried out between 1999 and
2003. The SAP was funded through the
Global Environment Facility implementing
agencies (UNDP, UNEP, and the World
Bank), the Islamic Development Bank, and
the PERSGA member states. The SAP’s
global objective was to safeguard the coastal
and marine environments of the RSGA and
ensure sustainable use of its resources. The
SAP’s activities were organised around the
following objective-based components:

1. Institutional Strengthening to
Facilitate Regional Cooperation;

2. Reduction of Navigation Risks and
Maritime Pollution;

3. Sustainable Use and Management of
Living Marine Resources;



Habitat and Biodiversity Conserva-
tion;

Development of a Regional Network
of Marine Protected Areas;

Support for Integrated Coastal Zone
Management;

Enhancement of Public Awareness
and Participation; and

Monitoring and Evaluation of
Programme Impacts.

© N o o &

The SAP was highly significant for the
RSGA environment, for PERSGA member
states’ capacity for conserving the RSGA
and managing its uses, and for the future
socioeconomic development of the Region.
Large projects funded by the international
donor community and RSGA countries
were implemented throughout the RSGA in
the last decade, e.g. the Red Sea Regional
Framework Project, and projects in the
Socotra Archipelago, Djibouti, Egypt,
Jordan, Saudi Arabia, and Yemen. These
have provided a large amount of new
scientific information and understanding
about the RSGA, management actions, and
capacity building.

3.2 REDUCTION OF NAVIGATIONAL
RISKS

New charts of the southern Red Sea have
been published for use by international
shipping, based on amajor new hydrographic
survey of the area between the Hanish
Islands and Bab el Mandeb that was initiated
by PERSGA. These charts are designed
improve the safety of navigation in this
important area of the RSGA. A new chart
of Port Sudan showing recent developments
in the port has been produced by the United
Kingdom Hydrographic Office (UKHO),
based on data supplied through PERSGA.
A new planning chart of Yemeni waters
covering the area between the maritime
border with Saudi Arabia to a line east of the
Socotra Archipelago was published by the
UKHO on 21 December 2006. This chart
forms the basis of a Yemen Fisheries Chart
covering the same area, which is marked
with a grid dividing the area into squares
covering 100 square nautical miles for the
purpose of recording fish catches. Capacity
building in navigation safety/hydrographic
surveying and chart re-scheming, has been
achieved through training workshops held

throughout the Region. One or more new
tide gauges in the Gulf of Aden will form
part of a tsunami early warning system
for the Indian Ocean. The proposed new
tide gauge at Aden could provide vital
information on long term sea level.

3.3 MANAGEMENT OF COASTAL
AND MARINE RESOURCES

There has been recent, substantial progress
in the management of the marine resources
of the Red Sea and Gulf of Aden. A
regionally applicable manual of standard
survey methods for key habitats and key
species in the Red Sea and Gulf of Aden
has been produced. Collection of essential
baseline data on key habitats and species
(coral reefs, mangroves, seabirds, turtles)
and preparation of up-to-date status reports
has taken place. There have been substantial
gains in scientific knowledge of Red Sea and
Gulf of Aden corals, coral communities,
and reefs. Regional Action Plans (following
regional surveys) were developed for corals,
mangroves, turtles and breeding seabirds
and are being implemented nationally via
national action plans. The signing of the
Protocol Concerning the Conservation of
Biological Diversity andthe Establishment of
Protected Areas by PERSGA member states
in December 2005 provides a regionally
coordinated approach to conservation.

A Regional Master Plan for the Regional
Network of Marine Protected Areas has been
produced. Progress is occurring towards
the complete establishment of the RSGA
Regional Network of Marine Protected
Areas: two proposed marine protected
areas were officially declared in 2005 (Iles
des Sept Fréres and Ras Siyyan in Djibouti
and Mukawwar Island and Dungonab Bay
in Sudan) and management plans are being
implemented in each one. A zoning plan
was developed for the Socotra Archipelago
Marine Protected Area. Survey design
guidelinesformarineprotectedareas (MPAS)
have been prepared and ecological and socio
economic surveys have been completed at
four proposed MPAs. Site-specific master
plans, with management guidelines, have
been prepared for four proposed MPAs
with the involvement and participation
of local stakeholders. A large number of
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managers and scientists have been trained
(via workshops and on-the-job training) in
marine protected area management, field
surveys, and monitoring techniques. There
has been an international, regional and
national exchange of experience.

Substantial progress has been made in the

field of integrated coastal zone management
(ICZM). This includes:

o Approval of ICZM plans for
the Aden Governorate and their
implementation;

o Completion of coastal profilesin Sudan
and Djibouti and the preparation of an
ICZM plan for Sudan;

o Establishment of a regional 1CZM
working group and raised awareness
of the need for and use of this tool in
coastal management;

o Improvements in regional capacity
in remote sensing and geographic
information system (GIS)
applications;

. Design, creation and establishment

of a GIS unit at PERSGA with global
internet access; and

o Incorporation of all biodiversity,
protected area, ICZM and other data
from the Strategic Action Programme
into the GIS for full programme
integration.

PERSGA’s  environmental  awareness
programme concentrated on conservation
including production of an Environmental
Education Learning Supplement, and the
implementation of more than 17 community
participation  projects.  Five  public
environmental information centres and 150
school nature clubs have been established
within the Region, with associated teacher
training. These activities have resulted
in raised awareness of PERSGA and its
activities at the national, regional and
international level.

3.4 CONTROLLING SEA-BASED
ACTIVITIES AND SOURCES OF
POLLUTION

In general, oil spills around the world
are reducing due to initiatives by the
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International Maritime Organization (IMO)
and other factors. PERSGA has achieved
significant success in getting new routeing
measures adopted for use by international
shipping in the southern Red Sea. PERSGA
has established a new lighthouse fitted with
an Automatic Identification System on
the Hanish Islands. Capacity building in
combating oil pollution, in port state control,
marine incident investigation, navigation
safety/hydrographic surveying, contingency
planning and ballast water management has
been achieved through training workshops
held throughout the Region. PERSGA has
established the Emergency Mutual Aid
Centre for the Red Sea and Gulf of Aden
(EMARSGA, formerly known as the
Marine Emergency Mutual Aid Centre or
MEMAC) at Hurghada and this is receiving
support from the IMO. National contingency
planning in the Red Sea and Gulf of Aden
has improved and national plans are now
in place in all member states. The capacity
to carry out port state control of ships has
improved in recent years. On the other hand,
the signing of two Protocols, i.e. “Regional
Co-operation in  Combating Pollution
by Oil and other Harmful Substances in
Cases of Emergency—February 1982”, and
“Mobilization of Personnel, Equipment,
and Material during Emergency—July
2009, by PERSGA member states provide
a regionally coordinated approach to the
prevention, reduction and fight against
pollution in emergency cases.

3.5 CONTROLLING MARINE
POLLUTION FROM LAND-BASED
ACTIVITIES

Recent changes in management practices
have led to some environmental
improvements, especially on the coral reef
adjacent to the Phosphate Port, Aqaba. The
signing of PERSGA’s “Protocol Concerning
the Protection of the Marine Environment
from Land-Based Activities in the Red
Sea and Gulf of Aden” in September 2005,
and the implementation of the Regional
Environmental Monitoring Programme
(concerning water quality parameters)
are  substantial outcomes.  Capacity
building has been achieved (via training
workshops) in integrated coastal zone
management, environmental impacts of
development projects, management of solid



wastes in industrial areas, environmental
inspection, and improvement of wastewater
management. National programmes of
action for the protection of the marine
environment from land-based activities
have been prepared for Yemen and Jordan;
programmes for the other countries are still
in preparation. A preliminary and fund
raising phase of the ‘Regional Programme
of Action for the Protection of the Marine
Environment from Land-Based Activities’
is being prepared for the Red Sea and Gulf
of Aden, comprising the following:

. Collection of relevant information
for the development of four
projects in the following fields:
- collection, treatment and disposal
of municipal wastewater,

- identification of pollution hot spots
and sensitive areas,

- management of marine litter, and

- assessment of the quality of bathing
waters and beaches;

o Production of the joint PERSGA/
UNEP publication “Financing for the
Environmental Conservation of the
Red Sea and Gulf Aden”; and

o Organization of a regional training
course on municipal wastewater
treatment management.

There has been a rapid uptake of GIS
technology (including a regional GIS
database in PERSGA) to support risk
assessments for pollution.

3.6 MANAGEMENT OF LIVING
MARINE RESOURCES

Theregionalstatusoflivingmarineresources
in the Red Sea and Gulf of Aden has been
assessed and baseline information has been
collected. There has been a substantial rise
in capacity in: fish stock assessment, data
collection and analysis; environmentally
sound aquaculture; fisheries management;
and ornamental fish assessment and
management. Two training facilities and
a reference collection centre have been
established and equipped, the first in Aden
(Yemen) and the second in Jeddah (Saudi
Arabia). Thereisincreased awarenessamong
decision-makers of the complementary
linkages between conservation of the

environment and sustainable development.
A system is in place for the standardized
collection and transfer of fisheries data.
Information has been obtained for Egypt,
Jordan, Djibouti, Saudi Arabia and Yemen
on the trade in ornamental fishes and its
impact on the environment. A management
plan for ornamental fishes has been prepared
(PERSGA/GEF, 2007). The management
of elasmobranch fisheries has improved
through: training; an identification guide;
a management plan; and improved data
collection. New fisheries regulations have
been issued in Egypt, Saudi Arabia and
Yemen. Additionally, fisheries management
plans have been prepared for Socotra
(Yemen) fisheries and rock lobsters.

3.7 REGIONAL AND NATIONAL
CONSERVATION ACTION PLANS

PERSGA has prepared a Regional Action
Plan (RAP) for the conservation of coral
reefs in the Red Sea and Gulf of Aden
region, as well as similar regional action
plans for the conservation of marine turtles,
mangroves, and seabirds. These four RAPs
contain priority actions within these major
fields:

- Integrated coastal zone management;
- Education and awareness;
- Marine protected areas;

- Ecologically sustainable reef
fisheries;

- Impacts of shipping and marine
pollution; and

- Research, monitoring and economic
valuation.

Each RAP addresses specific actions,
expectedresults, performance indicators and
quality assurance through a set of priority
actions for conservation and sustainable
development within the Region.

The RAP for coral reefs was developed in
recognitionofthe greateconomic,ecological,
and aesthetic importance that these reef
ecosystems provide and in response to the
serious existing threats posed by increasing
human and natural impacts. Many of the
region’s reefs are growing near the climatic
extremes of reef development and are
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particularly vulnerable to any increase in
disturbance. The seriousness of the threat
was demonstrated by major coral reef
bleaching in 1997 and 1998, causing massive
death of corals and other reef organisms in
the Gulf of Aden and parts of the Red Sea.
Over the next several decades, predicted
increases in these disturbances may cause
major disruptions in reef function and the
loss of associated resources for human use.

Given the differences in priorities, capacities
and other aspects among the RSGA
countries, the coral reef RAP needed to
be adapted to suit each particular country.
Therefore national action plans (NAPS)
were developed for the countries to facilitate
implementation of actions at the national
level. This was achieved by identifying
national stakeholders, mechanisms,
institutions, etc., and integrating RAP
activities into existing national ICZM plans.
In individual countries, implementation
will occur through integrated networks
of national and local working groups,
government departments, agencies and
personnel, non-governmental organisations
and other stakeholders. Therefore, NAPs
provides a set of priority actions for the
conservation and sustainable development
of coral reefs taking into consideration the
priorities of the concerned countries.

The implementation of NAPs and RAPs
in the Region has varied according to
the national capacities, constraints and
priorities. However, the support of the
international agencies and donors is much
appreciated and has assisted in overcoming
these constraints. PERSGA has integrated
the implementation of RAPs and NAPs into
the 2004-2014 strategic plan and established
an On-Ground Activities Programme to
directly support the implementation of
NAPs according to resource availability.

3.8 STATE OF THE MARINE
ENVIRONMENT REPORTING IN
THE RED SEA AND GULF OF ADEN

It is clear that managing human use of
the marine and coastal environments of
the RSGA will be most effective when
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based on a solid foundation of knowledge.
This knowledge that has been built up
by a long history of endeavour in the
bio-physical and social sciences, allows
managers, scientists, decision-makers and
the wider community to devise appropriate
management strategies that respond to the
impacts of human uses confronting them. It
also provides them with the hard evidence
needed to assess the effectiveness of their
decisions. A major problem has been that
the available information was available in
fragmented sources. No baselines had been
established against which the success, or
otherwise, of management could be gauged.
The absence of long-term monitoring limits
the understanding of the magnitude of
natural variations in marine ecosystems
and consequently the ability to interpret
the meaning of changes due to human
activities.

PERSGA published the “State of the
Marine Environment Report for the Red
Sea and Gulf of Aden” (SOMER) in 2006.
This report (PERSGA, 2006) was based on
recently collected data, results and analysis
of the surveys from the regional monitoring
programme, and various activities carried
out by PERSGA and its member states before
and during the SAP project (1996-2003).
Furthermore, the materials reviewed in
SOMER included a large number of papers
from the published scientific literature.
The SOMER also points to the need for
continued action in many priority areas, and
aims to support continuing efforts towards
the sustainable use and conservation of the
Red Sea and Gulf of Aden.

Since the publication of SOMER, it is
evident that this report has provided a
foundation for improved decision making
at all levels, and increased awareness and
understanding of environmental trends and
conditions (their causes and consequences)
among all stakeholders and internationally.
The report also provided source material
for academic studies and a baseline of
integrated information against which future
assessments can be compared. Accordingly,
PERSGA plans to prepare a new SOMER
on a regular basis every four years.



3.9 ESTABLISHING A REGIONAL
NETWORK OF MARINE
PROTECTED AREAS

During the initial PERSGA-SAP it was
decided that an ecosystem approach
to conservation and management was
most appropriate to ensure long-term
sustainability of the Region’s critical
habitats and populations of globally
important species. This would be achieved
by establishing an integrated regional
network of marine protected areas
(MPAs) supported by effective integrated
management and planning. Sites were
selected to be representative of the region’s
biogeography (and include representative
habitat types and species as well as bird
and turtle nesting sites, and seagrass beds
used by dugong) and cultural heritage, and
include feeding, breeding and roosting sites,
larval sources and sinks, and migratory
routes of key biota.

When all MPAs in the RSGA region are
counted, 75 have been established or
recommended. Twelve MPAs were selected
by PERSGA regional and national experts
during the SAP for the regional network: lles
des Sept Fréres and Ras Siyyan (Djibouti);
Ras Mohammed National Park; Straits of
Gubal (Egypt); Aqaba coral reefs (Jordan);
Straits of Tiran; Wajh Bank, Sharm Habban
and Sharm Munaybirah; Farasan Islands
(Saudi Arabia); Aibat and Sa’adadin Islands,
Saba Wanak (Somalia); Sanganeb Marine
National Park; Mukawwar Island and
Dungonab Bay (Sudan); Socotra Islands;
Belhaf and Bir Ali area (Yemen).

There are a number of issues of concern
relating to the existing and proposed MPAs.
Few of the declared MPAs are managed
appropriately. There is limited technical
capacity and experience throughout the
Region in MPA management. Some
countries lack the necessary pool of experts
to provide the knowledge, training and
skills necessary for MPA management.
Much of the existing capability in MPA
management is at the Ras Mohammad
National Park (Egypt), the best example of a
fully functional MPA in the Region. Lack of
surveillance and enforcement of regulations
in MPAs is widespread in the RSGA.

There are gaps within existing MPAs in
representation of regionally significant and
representative habitats.

PERSGA-SAP has delivered specific
training to MPA managers, scientists and
rangers from the Region to address the
lack of expertise in MPA management.
Courses have covered management issues,
marine and coastal surveys and monitoring,
SCUBA diving, ranger duties, policing and
public relations. The first course was held at
the Ras Mohammad National Park.

The Regional Protocol Concerning the
Conservation of Biological Diversity and the
Establishment of Protected Areas requires
contracting parties to:

(i) protect, preserve and manage in an
environmentallysoundandsustainable
manner areas that are unique, highly
sensitive or regionally representative,
notably by the establishment of
protected areas; and

(i) adopt appropriate planning, manage-
ment and supervision including
legislation and monitoring measures
for the protected areas.

In addition nations shall draw up a “List
of Protected Areas of Importance to the
PERSGA Region”. Contracting parties are
also required to develop management plans
and a list of sites of special importance
for possible future declaration as MPAs.
PERSGA’s, in progress, ‘Framework of
Action for 2006-2010" lists activities to
implement the Protocol. These include
actions to verify critically threatened areas
and to establish monitoring programmes for
habitats and biodiversity.

A Regional Master Plan (RMP) for the
MPA network was produced (PERSGA/
GEF, 2002a) that included guidelines for
the development of individual site-specific
management plans. This RMP facilitates the
endeavours of individual countries to select
and manage their MPAs. In addition, survey
designs for proposed MPAs were published
in 2002 (PERSGA/GEF, 2002b) to assist the
national teams in decision making.
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3.10 REGIONAL RESPONSES FOR
MONITORING THE MARINE
ENVIRONMENT

In 2001 PERSGA began the preparation of a
manual of standard survey methods (SSMs)
covering methods of rapid assessment, and
methods for the detailed assessment of
intertidal habitats and mangroves, corals and
coral communities, seagrass and seaweeds,
subtidal habitats, reef fishes, marine turtles,
seabirds, and marine mammals (PERSGA/
GEF, 2004). The development of standard
survey methods facilitates the acquisition
of population data and monitoring.

Training and capacity building in these
methods followed the first steps of the
SSMs manual and has produced national
and regional specialist teams competent
to carry out the standard survey methods.
Regional training workshops were held
for mangroves and intertidal habitats;
turtles; ornamental fishes; data collection
and analysis of the trade in ornamental
fishes; corals; seagrass and algae; breeding
seabirds; elasmobranch identification,
sampling and stock assessment methods.

Sixteen surveys were conducted within the
Region, executed by regional specialists
trained through the SAP, in order to evaluate
the present status of habitats and species and
prepare the groundwork for conservation
plans.

Pilot surveys of the status of coral reefs
in PERSGA countries were undertaken
(PERSGA, 2001). Detailed assessments of
the coral reefs of PERSGA countries were
undertaken and a regional status report
(PERSGA/GEF, 2003b) and regional action
plan (RAP) were produced (PERSGA/GEF,
2003a). Furthermore, a regional survey for
coral reef status carried out during 2002
engaged all the trained national experts
in the field surveys, and a regional report
was prepared, ‘Status of coral reefs in the
Red Sea and Gulf of Aden’ (Hassan et al.,
2002a).

National monitoring programmes for
coral reef communities have not yet taken
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place in most of the PERSGA member
states, except for Egypt and Jordan. In
Egypt, intensive monitoring programmes,
led by the EEAA, were established for
both the Sharm El-Sheikh and Hurghada-
South areas in the late 1990s. To meet
the objectives of the national monitoring
programme these programmes use very
advanced methodologies (i.e. fixed photo-
quadrat techniques) and require competent,
experienced personnel (Kotb et al., 2001).
In Jordan, the Marine Science Station
of Aqaba are carrying out a monitoring
programme using the line transect technique
as a routine reef monitoring protocol at
some sites along the southern part of the
Agaba reefs. Furthermore, some irregular
monitoring efforts take place in Yemen,
Saudi Arabia, and Sudan through some of
the national scientists, but the irregularity
of the data, surveyed sites, and the different
methodologies used make the data non-
comparable.

There have been a number of responses
to coral damage caused by dive tourism
in Egypt. Installation of mooring buoys
has helped reduce anchor damage on dive
sites all round the Egyptian Red Sea.
Further management responses, such as
additional rangers, intensive patrolling,
awareness materials, entrance fees, and
diver management plans, have significantly
reduced the impacts of divers and diving
boats.

The need to avoid anchoring on coral
reefs is emphasised in Admiralty Sailing
Directions, which lists the positions of
anchoring points, and on charts of the
RSGA. For example, Admiralty Chart 159,
Red Sea, Suez to Berenice, contains the
following note: Protected Reefs: Vessels
should only use the fixed moorings on or
adjacent to coral reefs in Egyptian coastal
waters between:

a) latitudes 26° 37° N and 27° 02’ N,

b) latitudes 27° 08’ N and 27° 26.3’ N,

c) locations around the Strait of Tiran
and in the Gulf of Aqgaba (stated in the
note),

d) reefs surrounding El-Akhawain (26°
19’ N, 34° 33’ E) are also protected



and damage to the coral may lead to
prosecution. For further information
see Admiralty Sailing Directions.

Damage to coral reefs due to ship grounding
incidents on the reefs has also occurred in
various parts of the RSGA, including the
waters of Egypt, Saudi Arabia, Sudan and
Yemen. In most cases the ships causing
the damage are prosecuted by the relevant
national authorities. PERSGA published,
in 2009, guidelines to assist the member
countriesto establish national legislation and
a system for compensation for reef damage
by ship grounding (PERSGA, 2009). The
different national compensation regulations
and experience in the RSGA countries
were assessed and recommendations for
establishing, improving and standardizing
of such regulations were emphasised.

A regional database for key habitats and
species, a Biodiversity Information System,
provides information for decision-makers
and researchers about the status of marine
species in the RSGA and is established at
PERSGA headquarters.

A Regional Reference Collection Centre
was set up in early 2003 within the premises
of the Faculty of Marine Science, King
Abdulaziz University in Jeddah, Saudi
Arabia. A training course for the managers
of the Centre was held in the Senckenberg
Museum (Frankfurt, Germany). On-the-job-
training was provided for the technicians
working in the Centre.

Continued progress will be underpinned
by the implementation of PERSGA’s
Framework of Action for 2006—2010, which
outlines specific programmes to be carried
out.

3.11 ON-THE-GROUND ACTIVITIES
PROGRAMME

In the years since the Strategic Action
Program (SAP), the Region has witnessed
appreciable progress in its capacity for
sustainable management of coastal and
marine environments. The most prominent
developments have been the preparation and

adoption of knowledge-based, specific, and
long-term Regional and National Action
Plans (RAPs and NAPs) for the management
of important marine habitats (coral reefs,
mangroves, seagrass beds), species
(seabirds, marine turtles and mammals),
marine protected areas, living marine
resources and coastal zones. Despite the
considerable and continuous efforts made
through the PERSGA-Training Programme,
the existence of some gaps in the technical
know-how, together with shortagesinfinance
represent the major constraints impeding
proper implementation of the action plans
developed. The idea of establishing an On-
the-Ground Activities Programme emerged
as an outstanding down-to-earth approach
to assist the member states. The programme
was then initiated by PERSGA with the
objective of supporting national on-ground
projects addressing sustainable development
and implementation of the action plans.

The national projects of the On-the-ground
Activities Programme focus on various
topics of national concern, such as: protecting
or rehabilitating coastal/marine habitats,
removing threats to coastal environments,
and supporting implementation of national
conservation management plans, education
and training activities that raise community
awareness, knowledge or skills on coastal/
marine conservation issues. The programme
has proved to be one of the most effective
and rewarding programmes implemented
by PERSGA, because of the tangible
achievements attained in all member states,
despite the fact that a relatively short period
of time has elapsed since it was launched
in 2006. The On-ground Projects that have
been implemented prior to the preparation
of this report are:

. Support to ICZM in Sudan -
2006/2007,

o Educationforsustainabledevelopment,
Jordan —2006/2007;

o Establishment of a regular water
quality  monitoring  programme,
Jordan — 2008/2009;

o Ecotourism and management of
mangrove areas in Hamata, Egypt
—2007/2008;

o Public awareness and participation

in coastal environmental protection,
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Djibouti — 2007/2009;

° Coral reef conservation in Jeddah,
Saudi Arabia (KSA) — 2007/2008;

o Support to ICZM planning in Jizan
and Asir, KSA —2007/2008;

o Rehabilitation and  management
of sea-cucumber fishery, Yemen —
2007/2008;

. Management of reef recreation
activities on the Aqaba coast, Jordan
—2000.

3.12 SUSTAINABLE FINANCING OF
CORAL REEF CONSERVATION

The wide range of coral reefs and their
ecological and economic importance to
the Region mandate that special attention
be given to development of sustainable
financingmechanisms for their conservation.
Key to success is establishing the principle
that coral reefs are economic resources
and that their users should pay fees, where
appropriate. PERSGA in cooperation with
UNEP-ROWA are preparing guidelines for
the *Economic Evaluation of the Marine and
Coastal Resources in the RSGA Region’,
(in-press). The guidelines will assist the
nations of the Region to calculate the value
of their natural resources and provide a
regional perspective.

A few successful models for self-financing
of coral reef conservation efforts are found
in the Region and are taken by PERSGA
to be replicated elsewhere. For example
there is the innovative work undertaken
by Egypt in the Egyptian Red Sea reefs
for the conservation of these resources
that includes the use of an “Environmental
Cost Recovery Charge”. Non-traditional
financial resources can be used to support
implementation at the regional and national
level; for example, the Saudi Environmental
Awareness Programme is funded jointly by
the government and the private sector.

3.13 STRENGTHENING REGIONAL
AND INTERNATIONAL
COOPERATION

PERSGA member states have approved
many new environmental laws and
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standards in the last two decades, and since
the adoption of the Jeddah Convention and
the establishment of PERSGA. In their
determination to strengthen participation in
regional and international agreements, the
cooperating parties have signed or ratified
a number of conventions. In addition, a
number of GEF-supported projects have
been launched in cooperating countries.
International efforts and cooperation with
the Region have focused on a number of
critical areas, such as capacity building and
institutional development, environmental
baseline data, and information services.

Especially during the last decade, PERSGA
has initiated and established cooperation
with many international and regional
organizations including United Nations
Industrial  Development  Organization
(UNIDO), IMO, World Bank, UNEP,
ALECSO, Arab League, ROPME, IUCN,
Islamic Development Bank, and Reef Check.
PERSGA has also succeeded in establishing
a number of Memoranda of Understanding
with many of these organizations.

PERSGA contributed to the global reports
“Status of Coral Reefs of the World” with the
Red Sea and Gulf of Aden chapters during
2000, 2002, 2004, and 2008 published by
the Australian Institute of Marine Science
(Pilcher and Al-Suhaibany, 2000; Hassan et
al.,2002b; Kotbetal.,2004; Kotbetal.,2008),
and is continuing cooperation with several
other global reports concerning the RSGA
region. Moreover, PERSGA is considered
the focal point for the RSGA for several
international initiatives and organizations,
such as the Global Coral Reef Monitoring
Network (GCRMN), International Coral
Reef Initiative (ICRI), International Coral
Reef Action Network (ICRAN), World
Commission on Protected Areas—Marine
(IUCN), and it cooperates to present RSGA
environmental status and information to the
international community.



4. REGIONAL MONITORING PROGRAMME AND
SURVEY METHODOLOGY

4.1 AIMS OF THE MONITORING
PROGRAMME

The Habitats and Biodiversity Conservation
(HBC) component of the PERSGA-SAP
developed a strategy that contained five
clear steps: (i) develop a set of standard
survey methods (SSMs) for the Region
consistent with global methods, (ii) train
national specialists to use these methods,
(ii1) execute regional surveys, (iv) prepare
conservation plans, and (v) implement the
plans.

Effective reef management needs accurate
information on the status of the ecosystem,
both for ICZM and MPA planning, and for
the assessment and monitoring of reef status
and reef fisheries, as well as to evaluate the
effectiveness of the management itself. To
be most effective, research and monitoring
are integrated into a logical overall
framework of action providing scientifically
robust management-oriented information,
including data for:

1.  Planning and development of MPAs,
such as distribution of habitats,
biodiversity and socio-economics;

2. Monitoring ecosystem properties and
the status of biological, ecological,
oceanographic and socio-economic
parameters for ICZM and MPA
management;

3. Environmental and socio-economic

impact assessments, both before and
after development takes place, and
economic valuations of different
courses of action;

4.  Assessing the health status of the
ecosystems in terms of global-scale
disturbances, such as occurred with
coral bleaching in 1997 and 1998;

5. Reef fisheries stock assessment and
monitoring.

Most nations in the Region have initiated
reef research and monitoring programmes,
although major differences exist in national
logistics capacities in relation to different
levels of finance, manpower and expertise.
Until recently, there had been only limited
success in pooling national data to provide
regional insights. This was addressed
through the regional initiatives to develop
the SSMs and the training programmes.

A number of management initiatives have
been set up in the Red Sea and Gulf of Aden
region that will require regular monitoring
to assess their effectiveness, including
the RSGA Regional Network of Marine
Protected Areas (PERSGA/GEF, 2002).
Monitoring of natural systems and species of
interest will generate feedback to managers
on the outcomes of management strategies
and provide fundamental information on
natural dynamics. Obviously, the quality
of the monitoring information is crucially
important for ecologically and socially
sustainable  management.  Monitoring
programmes implemented at the scale of
a country or region can be expensive and
logistically difficult to implement. The
monitoring methods must be time and cost-
effective, whilst fulfilling the information
needs of managers and being appropriate to
the species of interest.

Accordingly, PERSGA is planning to
conduct regional monitoring for the status
of the coral reefs on a regular basis every
2 years. Monitoring data will be valuable
for alerting governments to disturbances
affecting reefs of the Region, and will
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complement (and ground-truth) the wide
range of recently launched satellite-borne
sensors, which provide data at regional and
global scales.

4.2 STANDARDIZING
THE REGIONAL SURVEY
METHODOLOGY

In order to evaluate and monitor the status of
marine habitats and biodiversity within the
Red Sea and Gulf of Aden, surveys must be
undertaken that are comparable in extent,
nature, detail and output. Standardizing
survey methodology within the Region was
essential to allow valid comparison of data,
and for the formulation of conservation
efforts that are regionally applicable. The
Reef Check protocol was adopted in the
SSMs as a regional reef survey method.

The preparation of the “Standard Survey
Methods for Key Habitats and Key Species
in the Red Sea and Gulf of Aden” guide
was initiated following a review of the
methods currently in use around the world.
Contextual SSMs were then drafted for
cach of the relevant fields: subtidal, coral
reefs, seagrass beds, inter-tidal, mangroves,
as well as for important groups such as reef
fish, marine mammals, marine turtles and
seabirds. The SSMs guide was discussed
at a regional workshop in September 2000
held in Sharm EI-Sheikh where scientists
from both inside and outside the region
reviewed the first drafts and provided useful
comments.

The SSMs were drafted and tailored to suit
the conditions of the Region, taking into
account the geographical variation within
the Red Sea’s northern, central, and southern
sectors. The methods were designed to be
simple and straightforward, suitable for use
in surveys, monitoring, and as a training
guide. Though user-friendly, they are of
sufficiently high quality to provide the
minimum requirements needed to assess
the status and health of environments and
their constituent populations, and are able to
account for bias introduced when different
people, with different capacities and levels
of training, conduct surveys. The SSMs
also allow for integration between surveys
wherever possible.
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4.3 REGIONAL TRAINING FOR THE
NATIONAL TEAMS

From 2001 onwards PERSGA conducted a
series of training courses for regional and
national specialists to teach them these
specific methods. The training courses were
alsoused astools to evaluate the methods and
to determine their applicability to the RSGA
region. More than 115 national and regional
specialists have been trained. The results
of the evaluations given by the specialists
recognized the suitability of these SSMs for
the Region due to a combination of factors:
their widespread use, their simplicity and
the particular adaptations made to suit
the Region, and the variability of national
capabilities.

4.4 MONITORING SURVEY
METHODOLOGY

Herein, a brief description for the
methodology used (Reef Check) during the
2008 regional monitoring survey. Detailed
descriptions and photographs of the field
and analytical methods can be found in the
PERSGA manual of SSMs (PERSGA/GEF,
2004) and at PERSGA (www.persga.org) or
Reef Check (www.reefcheck.org).

In the SSMs reef communities are assessed
in three categories: sessile benthic cover,
invertebrate abundance, and fish abundance.
These categories are assessed in reef
locations chosen because they demonstrate
several specific key criteria.

Site selection: The criteria used during
site selection included: ease of relocation,



accessibility, representativeness, present
status, and depth profile. Sites should be
easy to find on the next survey/monitoring
occasion using maps, navigation charts,
landmarks, compass bearings, portable
Global Positioning System (GPS) units,
and Google Earth. Sites should be easily
and safely accessible, based on a realistic
assessment of logistic and budgetary
constraints,  weather and  exposure
to prevailing sea conditions, and the
capabilities of the working-team. As much
as is practicable, given logistic constraints,
sites should be representative of the different
reef types, biotopes and community types
present. Similarities and variety in habitat
and environmental attributes, known
histories of the sites including effects of
disturbance, likely future disturbances and
any zoning management implications in
terms of marine protected areas (MPASs) all
need to be considered in site selection.

In addition, sites should cover the range of
different conditions in terms of human or
natural disturbances, fromrecently impacted
to pristine, rather than concentrating only
on reefs in good condition. This is not to
downplay the importance of surveying sites
in excellent or pristine condition. In case
of limited funding, facilities, time, or diver
experience, the work-team must survey the
most pristine site in the area when it is not
possible to survey more than one site.

The SSMs recommend that selection can
be aided by initial synoptic surveys using
manta-tow or similar methods. For the
present monitoring survey however, site
selection was made primarily by consulting
the opinions and experiences of the national
team members from each respective
country.

Depth selection: As far as practical,
survey sites should be within one or two
standard depth ranges. The two standard
depth ranges for surveys are 2—-6 m and
7—-12 m, consistent with the Reef Check and
GCRMN recommendations for a depth-
stratified sampling design. It is important
that samples (replicate transects) within each
of these two depth ranges are positioned
randomly within homogeneous habitats,

rather than across different habitats. Where
particular site characteristics preclude the
use of the standard depth regimes (e.g.,
too shallow, different coral community
depth distributions or geo-morphological
characteristics, etc.), then the precise depth
range selected is at the discretion of the
survey team. For example, some shallow
reefs in the RSGA region are less than 7 m
in depth, with major changes in cover and
community structure occurring at around
3 m depth. In such circumstances, shallow
sites should be in the 1-3 m depth range
and deep sites from 4-6 m. The depths
selected at all sites, whether following the
standard recommendations or with site-
specific alterations, should always be clearly
documented on the field data sheets. If two
depth ranges are to be surveyed in a single
dive, deeper surveys should always be
conducted first, within conservative dive-
time limits in accordance with safe diving
practice. In particular, great care regarding
dive times should be taken at any sites below
10 m depth, especially when repetitive
diving over several days is taking place.
Careful adherence to conservative diving
tables and/or dive computers is mandatory
during all diving operations.

Fish abundance: The SSMs recommend
a number of different underwater visual
survey methods for reef fishes: Reef Check,
Rapid Visual Counts, Stationary Point
Counts, and Video Counts. They provide
for rapid, broad scale assessments of reef
fish status, detailed information on the
population structure of a large number of
key species, biodiversity assessments of
regional fish fauna, and assessments of the
impacts of aquarium fish collecting. Choice
of method will depend on the reason that
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information is required, the use to which
this information will be put and on technical
and logistical capabilities.

The Reef Check 3D belt-transect (i.e. the
record of fish during the survey carried
out within a 5m imaginary cube—2.5m
either side of the transect centre-line), as
a quantitative assessment, was applied in
the 2008 survey. The Reef Check survey
methodology is designed to provide a rapid,
broad scale assessment of the distribution
and abundance of a number of fish species
(Plate 1) known to be either indicators of
reef health (for example chaetodontids)
or susceptible to the effects of fishing (for
example serranids and scarids). It is a rapid
approach to surveys of reef fishes that can
be undertaken with a minimum of training.

Bunphesd Paroish — Hunphead (Napdem) Wrasse
FBoldmuekipon mirkamm Cheifinu s undu fges

{arey= 20em)
S earidae

Plate 1: The fish indicator species
assessed during the survey (after Reef
Check, 2006).

The Reef Check methodology is included
here because of its value in obtaining broad
scale snapshots of the status of reef fish,
and its potential to provide more frequent
surveys of specific sites. The methodology
has provided information on the global
status of coral reefs and trends in reef status
over recent years. It is worth mentioning
that size minimums have been placed on
two families of food fish (greater than 30 cm
for grouper, and greater than 20 cm for
parrotfish). Grouper and parrotfish smaller
than these lengths are not counted. Given
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these limits and the magnifying effect of
the water, divers should practice estimating
size before attempting the fish surveys.

The fish belt transect surveys should be
done at a standard time of day, for example
between 9 a.m. and 10 a.m., to overcome any
bias that could occur from differences in fish
species behaviour. It is important to note
the time you conduct the survey on the data
sheet. After the transect has been deployed,
the divers wait 15 minutes in a location
away from the transect before starting the
survey. This waiting period is necessary to
allow fish to resume normal behaviour after
being disturbed by the divers deploying the
transect. The maximum height above the
transect to record fish is restricted to 5 m
in the water column. This can be estimated
as two body lengths including outstretched
arms and fins. Each diver assigned to
count fish swims slowly along the transect
counting the indicator fish. The diver stops
every 5 m, and then waits one minute (as
recommended in Reef Check, 2006) for
indicator fish to come out of hiding before
proceeding to the next 5 m stop point. The
fish are counted while swimming and while
stopped along the entire length of each
20 m transect and recorded on the under-
water data sheet (Appendix 2).

This is a combined timed and area restricted
survey: four segments 20 m long by 5 m
wide =400 m?. Between each segment there
are 5 m gaps where no data are collected.
At each depth contour, there are sixteen
“stop-and-count” points, and the goal is to
complete the entire 400 m? belt transect in
one hour.

A note should be made of any sightings of
what are now becoming rare animals such
as manta rays, sharks and turtles, but if
these are off-transect records, they should
be recorded at the bottom of the data sheet
under “Comments”. It is recommended that
the survey team should remember to include
off-transect records of humphead-wrasse
(Napoleon) and bumphead parrotfish as
these species roam near reefs rather than
being strictly resident species.



Sessile benthic cover: For the sessile
benthic cover, the SSMs contain a tiered set
of three standard quantitative methods for
assessment: Reef Check line transects (Reef
Check), Lifeform line transects (GCRMN),
and video belt transects (AIMS). This set
of methods provides a range of options in
terms of logistic capacity and expertise, and
the amount and detail of data collected. With
increasing expertise, it is recommended that
national teams progress from the simplest
Reef Check method to the more complex and
data-rich Lifeform and video belt methods.

The Reef Check point intercept line transect,
as a quantitative assessment, was applied in
the 2008 survey. This assessment records
10 categories of sessile benthos. Four 20 m
line transects are laid parallel to the selected
depth contours at two depths at each site.
The depth ranges surveyed are 7-12 m and
2—6 m below the chart datum of low water
(low tide mark or reef crest where no chart
datum is available). Some sites may not be
deep enough to survey both depths.

Surveys are conducted by SCUBA using
a 100 m long transect tape laid along the
selected depth contour from a haphazardly
or randomly selected starting point on
the reef slope, with the first 20 m transect
starting from the beginning of the tape. The
second transect starts after an interval of
5 m from the end of the first transect (i.e.
start at 25 m) and similarly for the third
(start at 50 m) and fourth transects (start at
75 m). Deep transects are surveyed first, in
accordance with safe diving practice.

The 10 categories of benthos (substrate)
recorded in transects are listed in the field
data sheets (Appendix 2). On each transect,
a point sampling method is employed where
the substrate located under the transect tape
at50 cmintervalsisrecorded on awaterproof
data sheet. This method provides a rapid
means of acquiring quantitative estimates
of percentage cover of the main structural
components of the coral reef.

Invertebrate abundance: The SSMs
recommend the Reef Check survey
methodology for other benthos (other than
the sessile benthos). The survey is designed

to provide a rapid, broad scale assessment of
the distribution and abundance of a number
of invertebrate species (Plate 2) known
to be either indicators of reef health (for
example crown-of-thorns or pencil urchins)
or susceptible to the effects of collecting
(for example, giant clams and giant triton).

The abundance of selected benthic
organisms is assessed in four belt transects
20 m long and 5 m wide (100 m?) centred on
the Reef Check line transects (2.5 m either
side of the line) at each site. The organisms
include: giant clams (Tridacna spp.), pencil
urchins (Heterocentrotus mammillatus),
long-spined urchins (Diadema spp.), sea
cucumbers (edible species only), crown-of-
thorns starfish (Acanthaster planci), giant
triton (Charonia tritonis), banded coral
shrimps (Stenopus hispidus) and lobsters.
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Plate 2: The invertebrate indicator
species assessed during the survey (after
Reef Check, 2006).

Each belt transect is 5 m wide (2.5 m on
either side of the transect line). The total
survey area is 20 m x 5 m = 100 m? for
each segment and 400 m? for one complete
transect of4 segments for each depth contour,
(800 m? per complete survey including the
two depths). The invertebrate survey is
similar to the fish survey; however, the diver
does not need to stop every 5 m but each
diver should swim slowly along the transect
counting the invertebrate indicators, and
record them on the underwater data sheet
(Appendix 2).
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It is best to adopt the face down, feet up
position to ensure all parts of the transect
are explored. It is extremely important to
look in cracks and under large coral heads
and overhangs to search for cryptic species
such as lobster and banded coral shrimp. But
do not pick up or move rocks or coral heads
to look under them. It is recommended that
one buddy records invertebrates on the left
side of the transect while the second buddy
surveys the right side. There are many other
ways to perform this survey, each with
its own advantages. It is very important
to ensure that the team members are
sufficiently prepared to identify the animals
before surveys begin.

In addition: Each team records the level of
bleaching and the presence of coral disease,
trash and coral damage in the survey area.
Corals that are still alive, but bleached
should be recorded as live coral (HC) on the
line transect. If bleaching is present, two
estimates are made. First, teams estimate
the percentage of all corals on the transect
that are bleached. Second they estimate the
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mean percent of each individual colony
that is bleached (Appendix 2). For example,
the estimate might be 30 out of 100 corals
(30%) along the transect are bleached but
of the colonies bleached, the mean level of
bleaching per colony is 80%. Coral disease
is noted as present or absent and the type
of coral disease should be noted in the
comment box (if identified) on the data
sheet. Note that many diseases are difficult
to identify without a high level of training.
All cases of suspected coral disease should
be compared with the Reef Check ID cards
and confirmed by the team scientist. A
photo should be taken if possible.

Data about trash is separated (in the data
sheet) into general and fish nets/traps, while
coral damage is separated into boat/anchor,
dynamite, and other (Appendix 2). Damage
and trash should be rated as follows: None
= 0; one piece/damage per transect of any
type is Low = 1; two to four pieces/damage
per transect is Medium = 2; and more than
four pieces/damage is High = 3.



5. RSGA CORAL REEF MONITORING SURVEY: 2008

5.1 VERIFICATION OF THE WORK
DONE

The full Reef Check survey protocol (i.e.
for benthic cover, invertebrate and fish
abundances) wasapplied inthe 2008 regional
monitoring survey (April 2008 to January
2009). It is not yet appropriate to apply the
more complex survey methodologies given
in the SSMs at a regional scale, especially
for the sessile benthic cover and fish census,
due to constraints related to the variability
in the experience of the national teams.

As is now clearly apparent, the Reef Check
method has proved its validity as a simple
monitoring protocol, robust enough that
results are able to detect ecologically and
statistically significant changes to coral
reefs caused by human activities (www.
reefcheck.org). A set of biological indicators
was chosen, each to serve as an indicator of
a specific type of anthropogenic impact, and
collectively as a proxy for ecosystem health.
Table 1 lists these indicator species and the
ecological changes they detect both at the
regional and global scale. These organisms
were chosen both for their ecological and
economic value, and together to provide an
eco-holistic representation of key coral reef
fish, invertebrates and plants.

Some countries in the Region and some of
the selected reef areas are not yet popular
as dive-tourism destinations, so data supply

through Reef Check volunteer work cannot
be achieved solely from community-based
activities throughout the whole Region.
Accordingly, regional monitoring tasks
have to be carried out through the official
national agencies and their mandates in
cooperation with PERSGA, using the most
applicable survey methodology.

The following points deserve emphasis:

o There is no regular flow of data
available from all countries for
regional assessmentsas mostPERSGA
member states lack a regular, national
monitoring programme. Egypt and
Jordan carry out regular surveys,
the former using more advanced
techniques.

o National team members are also
responsible for other tasks which can
affect the implementation of a regular,
synchronized, regional monitoring
programme.

o There is considerable variation in
the level of experience in diving and
underwater survey techniques within
and across national teams.

All of these factors have to be considered
when preparing a long-term regional
monitoring programme and choosing the
survey methodology.

Site selection was done taking into
consideration thenational teams’ capabilities
and the funding available to continue the
monitoring on a long-term, regular basis.
Sites were chosen to be visited and re-
surveyed with minimum logistics taking
into consideration the SSMs and Reef Check
site specifications for long-term monitoring
sites. The number of sites chosen (36 sites
within the RSGA region, with the lowest
number in Jordan at 3-sites and highest
number of 9-sites in Saudi Arabia) is
acceptable to give data for monitoring coral
reef status at the regional scale, but more
fixed sites in each country will need to be
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Table 1: The chosen species as ecological indicators for: overfishing (OF), blast fishing
(BF), poison fishing (PF), aquarium fish collecting (AF), nutrient pollution (NP), and
curio collection (CC); (after Reef Check, 2006).

Indicator for

Indicator Organism

OF BF PF AF NP CC

Banded coral shrimp (Stenopus hispidus) X

Butterflyfish (Chaetodon spp.) X X X

Crown-of thorns-starfish (Acanthaster planci) X

Fleshy algae X

Grouper (>30 cm) (Serranidae) X X X

Hard coral X X X

Lobster

Long-spined black sea urchins (Diadema spp.)

GLOBAL

Moray eel (Muraenidae)

X | X [ X [ X

Parrotfish (>20 cm) (Scaridae)

Pencil urchin X

Recently killed coral X X X

Snapper (Lutjanidae) X X

Sponge X

Sweetlips (Haemulidae)

Triton (Charonia spp.)

Broomtail Wrasse (Cheilinus lunulatus)

Bumphead parrotfish (Bolbometopon muricatum)

Giant clams (Tridacna spp.)

RSGA Region

Humphead wrasse (Cheilinus undulatus)

X | X [ X [ X [X [X |X
X
X
X

Sea cucumber (Thelenota ananas, Stichopus
chloronotus, Holothuria edulis)
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surveyed and monitored if coral reef status
has to be assessed at the national scale. For
more details on long-term monitoring see
Reef Check Survey Manual and PERSGA
SSM (Reef Check, 2006, PERSGA/GEF,
2004).

Regardless of these considerations, some
countries (Djibouti, Yemen, and Saudi
Arabia) do not have the necessary manpower
to continue to carry-out the monitoring
tasks regularly with their current capacity,
so PERSGA support will be needed; this
was considered during 2008 when selecting
the minimum representative number of sites
and locations in each country, and has been
considered in PERSGA’s agenda for future
monitoring activities. Adding extra sites, or
increasing the number of replicate transects
at each depth zone is advantageous and
should be considered if the opportunity
becomes available; however the present
sites should be considered as the basic/core
regional monitoring sites for all future
surveys.

During the 2008 survey, detailed mapping
of the exact location of each site/reef was
carried out with the aid of Google-Earth
images, GPS, in-situ photographs, and
Admiralty Charts. These location data
were checked (fine-tuned) directly after
field visits to each site. The ability to re-
locate each survey site using this mapping-
data was verified during the survey period
in consultation with the national team
members.

This ability to accurately find the survey site
location was developed because permanent
transect marks are not applicable in most
of the reefs visited. Divers or fishermen
tend to remove or manipulate the transect
marks. Secondly, searching underwater for
permanent markers is time-consuming,
especially for new divers and there is a high
probability that the members of the survey
team will change with time.

During the 2008 regional monitoring survey,
refreshment on Reef Check methodology
for the experienced work-team members, as
well as training for the new team members

was done as on-the-job-training. Appendix
1 gives details on the level of experience
of individual team members. This initial
training was essential to ensure that all
team members were familiar with the
methodology and the identification of the
different categories of fauna and flora, and
were therefore able to collect high quality
data. Dive-skill training was included to
raise the competency level of some of the
team members.

5.2 LOGISTICS FOR FIELDWORK

The regional monitoring survey of 2008
was carried out as a cooperative work-
plan between PERSGA and the national
authorities in charge of environmental
affairs. The national authorities are:
in Djibouti, Ministere de 1’Habitat, de
I’Urbanisme, de I’Environnement et de
I’Aménagement du Territoire (MHUEAT);
in Egypt, Ministry of Environment
(specifically EEAA); in Jordan, Agaba
Special  Economic  Zone  Authority

(ASEZA); in Saudi Arabia, Presidency of
Meteorology and Environment (PME); in
Sudan, Higher Council for Environment
and Natural Resources (HCENR); and in
Yemen, Environment Protection Authority
(EPA).

The core budget for the logistics of the
field-work was raised by PERSGA and
complemented with in-kind participation
from the national focal authorities in each
respective country. In addition, 34 national
experts (most of them who had previously
gained training through PERSGA) were
nominated to cooperate and participate in
the field-work in their respective countries
with the PERSGA core team (Appendix 1).
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5.3 REGIONAL NETWORK OF
CORAL REEF MONITORING SITES

Coral reef monitoring has been taking
place within the Region, but it has been
limited primarily by the available technical
expertise and finance. To ensure appropriate
regional coverage and representativeness in
the future it was agreed, prior to the 2008
surveys, to establish a set of permanent
coral reef survey sites to form a regional
network.

In consultation with all the national team
members a total of 36 reef sites were
chosen to form the permanent regional
monitoring network. The sites were chosen
using previously discussed criteria such
as representativeness, ease of location,
logistics for re-surveys, suitability for
diving, national team capacities and the
necessary site-criteria specified in the SSM
(see section on site selection).

The 36 reef sites chosen include: 5 sites in
Djibouti, 8 sites in Egypt, 3 sites in Jordan,
9 sites in Saudi Arabia, 4 sites in Sudan,
and 7 sites in Yemen. The coordinates
and full details of the regional monitoring
sites (RMS) are given in Appendix 3 and
locations are shown in Map 2. An attempt
was made to correlate the length of the
coastline in each country with the number
of sites chosen (e.g., 3 sites in Jordan which
has the shortest coastline and 9 sites in
Saudi Arabia which has the longest).

It is important to emphasise that these sites
will be the core sites which should be re-
surveyed throughout long-term future
monitoring. If there is a chance later to
increase the number of sites, it should
be done logically in accordance with the
presented criteria, considering the national
capabilities and appropriate regional
distribution.

Map 2: Locations

of the survey sites
for the permanent
regional coral reef
monitoring network
(indicated by green
dots). Sites chosen
and surveyed during
2008.
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5.4 DATA COLLECTED ACCORDING
TO COUNTRIES

A) Djibouti

Djibouti has a coastline of 372 km. The
north coast is generally shallow and sandy
with occasional coral outcrops, with good
coral formation around Sept Fréres (Seven
Brothers Islands). The southern coast is
shallow with poorly developed coral reefs,
linked to the cold water upwelling from
the Indian Ocean. The Gulf of Tadjoura
harbours a few coral reef formations but it
suffers from many sources of impact such as
maritime transport, port related activities,
and other anthropogenic coastal pressures
that have caused deterioration and difficultly

for conservation efforts. At the entrance of
the bay, Moucha and Maskali Islands have
had relatively good reefs which incorporate
many coral and coral reef fish species and
there are a few popular diving sites. Hence
for long-term monitoring purposes, the reef
sites chosen in Djibouti were at Moucha,
Maskali, and Seven Brothers Islands.

Five sites were surveyed in 2008. Appendix
3 and Map 3 show the locations of these
sites off the coast of Djibouti. Table 2 gives
the depths surveyed at each site. Google
satellite images for the exact site locations
and the reef profile for each survey site are
given in Appendix 4.
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Map 3: The locations of the reef sites in Djibouti indicated by red circles.
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Table 2: The depths surveyed at each reef site in Djibouti.

Country City / Island Site Name 5 m Depth 10 m Depth
Maskali Island Light house Done Done
Maskali Island Canyon Done Done
Djibouti Moucha Islands Grand Recif (Great Reef) - Done
7-Brothers Islands Grande lle Done -
7-Brothers Islands Ile de ’Est - Done

Appendix 10 presents the data collected
from Djiboutian reef sites in more detail.
This data includes: substrate percentage
cover and averages; invertebrate abundances
and averages; fish abundance and averages;
and the physical conditions and levels of
impact.

B) Egypt

Egypt has more than 1,800 km of diverse
coral reef habitats along the western Red Sea
coast and in the Gulfs of Suez and Agaba.
The Egyptian Red Sea coast harbours many
international diving destinations famous for
their unique and diverse marine habitats.
Therefore, tourist activities have led to very
high human pressure on marine life along
the Egyptian side of the Red Sea. The reefs

are under stress from a number of activities
including recreational SCUBA diving, oil
spills, land reclamation and sedimentation.
Egyptian authorities have enacted a number
of laws and presidential decrees through
which coral reefs receive direct or indirect
protection.

Eightsitesweresurveyedin2008torepresent
the Egyptian reefs; 3 reef sites in the Gulf
of Agaba and 5 sites on the northern and
central Egyptian Red Sea reefs (Appendix
3). Table 3 gives the depths surveyed at each
site. Google satellite images show the exact
site locations and are given in Appendix 5
together with the reef profile for each site.
Map 4 presents the locations of these sites
along the Egyptian Red Sea coast.

Table 3: The depths surveyed at each site in Egypt.

Country City / Island Site Name 5 m Depth 10 m Depth
Nuweiba Ras Shetan Done -
Dahab Island Done -
Sharm EI-Sheikh Ras Nosrani Done Done
Sharm EI-Sheikh Ras Mohammed Done Done
Egypt
Hurghada Gotta Abu Ramada Done Done
Safaga Ras Abou Soma Done Done
Qusier Marsa Wizr Done Done
Marsa Alam Marsa Shaqraa Done Done

THE STATUS OF CORAL REEFS IN
THE RED SEA AND GULF OF ADEN: 2009



Map 4: The locations
of the reef sites in
Egypt indicated by red

circles.

Appendix 10 presents the data collected
from Egyptian reef sites in more detail. This
data includes: substrate percentage cover
and averages; invertebrate abundances and
averages; fish abundance and averages;
and the physical conditions and levels of
impact.

C) Jordan

The Jordanian coastline extends appro-
ximately 27 km along the north eastern
reaches of the Gulf of Aqaba. Approximately
30% of the coast is used for the port. A
fringing reef borders up to 50% of the coast
and supports a high diversity of coral and
associated fauna. The very northern part
of the coastline is occupied by tourism

development, while the central part is
occupied with marina and port activities.
The southern part of the coast is the only
part protected, through the Aqaba Marine
Park where fringing reefs occur and almost
70—80% of Agaba city recreational activities
take place.

Accordingly, it was necessary to allocate the
monitoring sites in the vicinity of the Aqaba
Marine Park. Three sites were surveyed
in 2008 to represent the Jordanian reefs
(Appendix 3). Map 5 shows the locations
of these sites on the Aqaba coast and Table
4 gives the depths surveyed at each site.
Google satellite images for the exact site
locations are given in Appendix 6 as well as
the reef profile for each site.
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Map 5: The locations of
the reef sites in Jordan
indicated by the red

o e circle.

Table 4: The depths surveyed at each site in Jordan.

Country City / Island Site Name 5 m Depth 10 m Depth
First Bay Done Done
Jordan Aqaba Japanese Garden Done Done
Aquarium Done Done

Appendix 10 presents the data collected
from Jordanian reef sites in more detail.
This data includes: substrate percentage
cover and averages; invertebrate abundances
and averages; fish abundance and averages;
and the physical conditions and levels of
impact.
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D) Saudi Arabia

Saudi Arabia’s Red Sea coastline extends
approximately 1,840 km, with some areas
suffering severe impacts from human
development. Coral reefs are found fringing
most of the Saudi Arabian Red Sea coastline



Table 5: The depths surveyed at each site on the Saudi Arabian Red Sea.

Country City / Island Site Name 5 m Depth 10 m Depth
Haql ~ -mmmemeeee- Done Done
Magna = -mmemmmeeemeee- Done Done
Duba = - Done Done
Umm Lajj - Done -
Saudi Arabia Mastura ~ -mmmmemmmeeeee- Done Done
Jeddah Cournish Done Done
AlLith e Done Done
Assir Hali Done -
Farasan Zfaf Done Done
s
Lonod
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M e = remy - the re_ef_site:\s in Saudi
i — E— - A_\rabla indicated by red
SvE  wdve wive arive  wvve circles.
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and offshore islands, and are generally in a
good condition with the exception of those
near the major cities of Jeddah and Yanbu.

The long Saudi coastline is difficult to survey
intensively; therefore a suitable number of
reef sites were chosen to become the long-
term monitoring sites for Saudi Arabian Red
Sea reefs. There are 9 sites: 2 on the Gulf
of Aqaba reefs and 7 on the northern and
central Red Sea reefs (Appendix 3). Map
6 shows the locations of the sites along the
Red Sea coast and Table 5 gives the depths
surveyed at each site. Google satellite
images for the exact site locations, as well
as the reef profile at each site are given in
Appendix 7.

Appendix 10 presents the data collected from
Saudi Arabian reef sites in more detail. This
data includes: substrate percentage cover
and averages; invertebrate abundances and
averages; fish abundance and averages;
and the physical conditions and levels of
impact.

E) Sudan

The Sudanese Red Seacoastisapproximately
750 km long inclusive of bays and sharms,
and encompasses three primary coral reef
formations: barrier reefs, fringing reefs,
and an atoll (Sanganeb Atoll).

Map 7: The
locations of the
reef sites in Sudan
indicated by red

LFOTE 41°00E

circles.
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Table 6: The depths surveyed at each site in Sudan.

Country City / Island Site Name 5 m Depth 10 m Depth
O’Seif e Done Done
Arkiyai - Done Done
Sudan
Port-Sudan Abou Hashish Done Done
Suakin e Done Done
Four sites were surveyed in 2008 to F) Yemen

represent the Sudanese reefs (Appendix 3).
Map 7 shows the locations of these sites and
Table 6 gives the depths surveyed at each
site. Google satellite images for the exact
site locations are given in Appendix 8 as
well as the reef profile at each site.

Appendix 10 presents the data collected
from Sudanese reef sites in more detail. This
data includes: substrate percentage cover
and averages; invertebrate abundances and
averages; fish abundance and averages;
and the physical conditions and levels of
impact.

The Republic of Yemen lies in the south-
western corner of the Arabian Peninsula,
and includes the Socotra Archipelago. The
coastline is about 2,200 km long, roughly
one third of which is in the Red Sea and the
remaining two thirds in the Gulf of Aden.
In the Red Sea, Yemeni reefs are found as
interrupted fringing reefs along the coast
while good healthy reefs surround the many
offshore islands. In the Gulf of Aden few
reefs are found along the coast except around
the islands in the north east in the Belhaf
Bir Ali area, and at Makhroqa Island.

AN APOTE  AFNTY  ArUTE SN AFTOY  RNerY  eeeUd  rewd  areTE  aFRe  roTE sETE  artrl  saord  SrteW  sewe §iw

Map 8: The locations of the survey sites in Yemen indicated by red circles.
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Table 7: The depths surveyed at each site in Yemen.

Country City / Island Site Name 5 m Depth 10 m Depth
Tigfash Island ~  --------------- Done Done
Shalatem Island ~ --------oo-- Done Done
MyyunIsland ~ ---emeemeeeee- Done Done
Yemen Shaqraa coast = ------mmo----- Done -
Sikhalsland ~ ----meeoeeee-- Done Done
Macrogha Island ~ -------------- Done -
Socotra Island Roosh-Halah Done Done

The sandy bottom habitats around most
of the Yemeni Gulf of Aden coast were
investigated and one site is included, i.e.
Shaqgraa coastal site. Six reef sites were
selected to represent Yemeni reefs. One
site is on the Socotra Archipelago (Roosh-
Halah), two sites in the Gulf of Aden
(Macrogha Island and Sikha Island) and
three sites in the Red Sea (Tiqfash Island,
Shalatem Island and Myyun Island), see
Appendix 3. For long-term monitoring
purposes all the sites for the survey were
chosen at offshore islands because of the
intense human pressure, lack of fringing
reefs, and the weak protection practices at
mainland coastal sites. Map 8 shows the
locations of the sites along the Yemeni coast,
and Table 7 gives the depths surveyed at
each site. Google satellite images showing
the exact site locations, and the reef profile
at each site, are given in Appendix 9.

Appendix 10 presents the data collected
from Yemeni reef sites in more detail. This
data includes: substrate percentage cover
and averages; invertebrate abundances and
averages; fish abundance and averages;
and the physical conditions and levels of
impact.

5.5 SPATIAL AND TEMPORAL
ENVIRONMENTAL CHANGES

In order to detect spatial differences within
the RSGA region, the data from the 2008
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survey were compiled, analysed and
compared between the different countries
(Appendix 10). To detect temporal changes,
two sets of data were used—the 2002
survey data and the 2008 survey data.
The data set gathered during the previous
regional survey (2002) was reviewed and
standardised to make it comparable with
the 2008 data set. This step was essential as
the data sheet of Reef Check (as the adopted
monitoring methodology by PERSGA)
was modified in 2006 with some indicator
species changing and methods of data
analysis and interpretation modified. The
adjusted 2002 survey data which were used
for this comparison are given in Appendix
11. Furthermore and for the purpose of

Table 8: The number of sites surveyed
in the 2002 and 2008 regional surveys.

Countries 2002 Survey 2008 Survey
Djibouti 7 5
Egypt 13 8
Jordan 3 3
Saudi Arabia 18 9
Sudan 6 4
Yemen 5 7
TOTAL 52 36




comparisons, data from all respective depths
and sites in each country were compiled to
calculate means and standard deviations
(xSD).

There were 52 sites surveyed during 2002,
and 36 sites surveyed during 2008. Country
sites were grouped together to detect the
spatial and temporal changes in the marine
environment. Table 8 presents the number
of sites surveyed.

There are wide differences in the numbers
of sites surveyed in some countries, notably
Egypt and Saudi Arabia. The reduction in
the number of sites is due to the approach
taken for the 2008 survey, where the
number and location of sites chosen was
based on the sustainability of long-term
monitoring logistics. In addition, some of
the sites surveyed in 2008 differed from
those used during 2002 for the same reason.
A list comparing the sites surveyed during
2002 and 2008 is given in Appendix 12.
The largest change in the location of the
sites surveyed took place in Djibouti, where
most of the sites surveyed during 2002
were inside Tadjoura Bay, while the sites
surveyed in 2008 were along the reefs off
the Djiboutian coast outside the Bay. The
decision to avoid surveying sites within
Tadjoura Bay was taken in consultation
with national team members and is due to
the rapid coastal development taking place
inside the Bay. Unfortunately, this coastal
development accompanied with lack of
conservation measures has made rapid
changes to the marine environment which
will reduce the effectiveness of long-term
monitoring in this location.

The Reef Check methodology is designed to
provide data that indicates changes taking
place on coral reefs that are primarily due
to human impacts. Data interpretation will
deal with the indicators of: overfishing,
curio trade, diving and snorkelling, boat
anchoring, nutrient pollution, aquarium
fish collecting, as well as evidence of coral
bleaching, coral degradation, and crown-of-
thorns starfish outbreaks.

A one-way ANOVA test was performed

for the abundance/coverage of each
indicator using data compiled for the
different countries, to detect any regionally
significant differences (p = 0.05) between
the data of 2002 and 2008. Recognizing
temporal changes, either in the Region as a
whole or for each country individually, can
assist PERSGA and the national authorities
to evaluate the effectiveness of their
environmental protection activities and
potentially demonstrate the need for further
conservation measures.

However, at this stage, an analysis to detect
significant differences over time within each
country using a one-way ANOVA test is not
possible due to the differences in the number
and locations of the surveyed sites during
the 2002 and 2008 surveys. This situation
will change if all the sites surveyed in 2008
are used for future monitoring—one of the
objectives of a permanent regional set of
coral reef monitoring sites.

In the next section a rationale is given
for the choice of each indicator, followed
by a presentation of the results and their
interpretation. A comparison with similar
data for the Indo-Pacific region is presented
whenever available, taken from Reef Check
annual reports.

A) Butterflyfish

Butterflyfish of the family Chaetodontidae
were selected as indicators of the ornamental
fish trade at the global scale, and as indicators
of overfishing by local coastal fishermen in
the RSGA region. These fish species are
caught in the nets of local fishermen not
for their value but as by-catch along with
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commercial fish species from the reef, and
are discarded.

During the two monitoring surveys 2002
and 2008, butterflyfish were recorded at all
the reefs surveyed, with a slight increase in
the mean abundance for the whole Region
during 2008 (average: 6.8 + 1.5 butterfly
fish/100 m? reef) over 2002 (average: 6.1
+ 2.0 butterfly fish/100 m? reef). Temporal
comparison within each country revealed
similar patterns of abundance in 2002 and
2008 (Figure 1), except for Saudi Arabia.
Data from Jordan was missing for the 2002
survey.

Abundance data recorded in both the 2002
and 2008 surveys were lower for the RSGA
region than results recorded for the Indo-
Pacific region during 1997-2001 (10.0 +
10.0 butterflyfish/100 m? reef; Hodgson and

targeted by line fishing and spear-fishing.

Similar abundance of sweetlips was
recorded for the whole Region in 2002 (2.13
+ 2.95 fish/100 m? reef) and in 2008 (2.11
+ 2.01 fish/100 m? reef). Temporal changes
within each country were low (Figure 2),
except data from Djibouti which shows
higher abundance in 2008 than in 2002, and
Yemen which showed the opposite trend. In
Djibouti, this difference might be due to the
change in the sites surveyed. At the 2008
survey sites outside Tadjoura Bay the reefs
are in a better condition than those inside
the Bay.

Abundance levels of sweetlips during
2002 and 2008 were found to be higher in
the RSGA region than those recorded by
Hodgson and Liebeler (2002) for the Indo-
Pacific region during 1997-2001 (average
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Figure 1: Mean abundance of butterflyfish per 100 m? recorded at each country
during the 2002 and 2008 surveys; bars represent standard deviations.

Liebeler, 2002), and for Indonesian reefs
during 1997-2006 (minimum average of
18 butterflyfish/100 m? reef; Habibi et al.,
2007).

B) Haemulidae (sweetlips)

This fish species is chosen as an indicator of
reef health because it is a popular food fish,
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Figure 2: Mean abundance of Haemulidae per 100 m? recorded at each country
during the 2002 and 2008 surveys; bars represent standard deviations.

<1 fish/100 m? reef), but lower than the
recorded abundance for Indonesian reefs
given by Habibi et al. ( 2007) for the period
1997-2006 (average of 4 fish/100 m? reef).

C) Grouper

Grouper of any species with a length
greater than 30 cm were selected to serve
as an indicator for overfishing of all types.
Grouper are some of the easiest fish for
divers to spear because of their size and
territorial habits. Grouper also aggregate
during spawning, making them vulnerable
to many forms of fishing. Grouper are fished
using spears, nets, hook and line. The latter
is the most popular fishing method used
by local and sport fishermen in the RSGA
region. Grouper larger than 30 cm are a
very useful indicator of fishing pressure

because they are one of the higher priced
food fish and most easily fished out due to
their reproductive traits. Grouper may take
several years to reach sexual maturity and
typically change sex. Fisheries that remove
large individuals can easily wipe out all
sexually mature fish.

Abundance of groupers for the whole Region
was slightly higher in 2002 (0.77 = 0.37
fish/100 m? reef) than in 2008 (0.71 + 0.24
fish/100 m? reef). Temporal changes within
each country were low (Figure 3), with
the highest grouper abundance recorded
in Saudi Arabia (KSA). This could be due
to the large areas of coastal reefs with low
coastal populations. Most fishing effort
takes place close to urban areas such as
Jeddah and Farasan. This leaves reefs over
large areas of Saudi Arabia with low impact
from local and sport fishermen, the primary
source of pressure on grouper numbers.

Abundances of grouper in the RSGA
region recorded during the 2002 and 2008
surveys were higher than those recorded
for the Indo-Pacific region NOT including
the Red Sea during 1997-2001 (average
0.45 + 0.98 fish/100 m? reef; Hodgson and
Liebeler, 2002), but lower than the recorded
abundance from Red Sea reefs for the same
period (average: 1.15 + 1.3 fish/100 m? reef;
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Figure 3: Mean abundance of grouper per 100 m? recorded at each country
during the 2002 and 2008 surveys; bars represent standard deviations.

Hodgson and Liebeler, 2002), and lower
than recorded from Indonesian reefs during
1997-2006 (average 2 fish/100 m? reef;
Habibi et al., 2007).

D) Snapper

Snapper were selected as a reef health
indicator because of their importance as a
food fish that is fished by nets from the area
close to reefs.
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Figure 4: Mean abundance of snappers per 100 m? recorded at each country during
the 2002 and 2008 surveys; bars represent standard deviations.
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Average snapper abundance for the whole
Region showed a sharp decrease in 2008
(22.4 + 19.34 fish/100 m? reef) from 2002
(43.58 = 58.02 fish/100 m?reef). Comparison
of temporal abundances within each
country (Figure 4) showed that Yemeni
snappers decreased dramatically in the 2008
survey and this might reflect the impact of
overfishing on the reefs.

Snappers in the RSGA region showed much
higher abundances during 2002 and 2008
surveys than were recorded for the Indo-
Pacific region during 1997-2001 (average
1.7 + 5.2 fish/100 m? reef; Hodgson and
Liebeler, 2002), as well as for Indonesian
reefs during 1997-2006 (average 7 fish/
100 m?reef; Habibi et al., 2007). The sharp
decline in the abundance of snapper in 2008
over levels found in 2002 might reflect an
increase in fishing pressure, especially
fishing by nets close to the reef areas and
could indicate imminent overfishing.

E) Parrotfish

Parrotfish were selected as an indicator of
overfishing of various kinds. The different
parrotfish species play a critical role in the
ecological balance of a coral reef because
they are the largest herbivorous reef fish and
they scrape large quantities of turf algae

from the reef, ingesting live and dead coral,
and creating sand in the process. Without
parrotfish, algae would have an advantage
in the competition for space with coral.
Parrotfish are easily caught using nets,
spears, and traps. They form a significant
part of the reef fish biomass. When reefs are
subject to heavy fishing, the normal pattern
is for predators to be fished out first, followed
by the herbivores such as the parrotfish
(Munro, 1983; Koslow et al., 1988).

For the Region as a whole, parrotfish
showed similar average abundances in the
2002 (2.34 + 0.94 fish/100 m? reef) and
2008 surveys (2.32 + 0.84 fish/100 m?reef).
Comparing data between the two surveys
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Figure 5: Mean abundance of parrotfish per 100 m? recorded at each country during
the 2002 and 2008 surveys; bars represent standard deviations.
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for each country (Figure 5) showed larger
parrotfish numbers on Yemeni reefs in
2008. However, this may be a reflection of
the different sites used in the two surveys
rather than any indication of a change in
fishing pressure.

Parrotfish in the RSGA region showed
similar abundances during the 2002 and
2008 surveys to those recorded for the Indo-
Pacific region during the period 1997-2001
(average 2.0 £ 2.9 fish/100 m?reef; Hodgson
and Liebeler, 2002), and similar but lower
than records from Indonesian reefs in 1997-
2006 (average 7 fish/100 m? reef; Habibi et
al., 2007).

F) Lobster

Spiny lobsters were chosen as an indicator
because they are universally prized as
a seafood item. Lobsters are harvested
commercially in most of the RSGA region.
Although lobsters are nocturnal feeders and
tend to stay in caves and crevices during
the day, they are easily caught using nets
and traps. However, the traditional and
more popular way of fishing in the Region
is by using flames or torches at night and
inspecting the shallow reef flat area on
foot to capture the lobster. The absence of
lobsters on shallow reefs is a good indicator
of human predation.

Of the 36 and 52 reefs surveyed for lobster
during the 2008 and 2002 surveys, none
were recorded on 94.6% and 94.2% of
occasions, respectively. Hodgson and
Liebeler (2002) recorded the absence of
lobster at 90% of the surveyed reefs in the
Indo-Pacific, including the Red Sea area,
during the period 1997-2001.

Lobster were only recorded during the 2002
survey in Egypt (at two reefs) and Saudi
Arabia (at one reef), while during the 2008
survey lobster were only recorded from
one reef at each of Djibouti and Yemen
(Figure 6). Lobster average abundance for
the whole RSGA region was (0.02 + 0.02
lobster/100 m? reef) in 2002 and (0.04 +
0.06 lobster/100 m?reef) in 2008. Hodgson
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Figure 6: Mean abundance of lobster per 100 m? recorded at each country during the
2002 and 2008 surveys; bars represent standard deviations.
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and Liebeler (2002) estimated the average
abundance at 0.05 £+ 0.026 lobster/100 m?
reef for the Indo- Pacific region during the
period of 1997-2001. For Indonesian reefs,
an average of 0.2-1.5 lobster/100 m? reef
was estimated during the 1997-2006 period
(Habibi et al., 2007).

Lobster fisheries cease, by law, in Egypt
during the reproductive season each year
for management and stock control purposes.
This law was introduced due to overfishing
of lobster and declining stocks, a situation
which was indicated by stock assessment
studies. No other regulations are found in
the Region to manage lobster fisheries, and
lobsters of very small size are reported in
catches from Saudi Arabian reefs.

G) Diadema

Abundance levels of long-spined black sea
urchinsinthe genus Diademaserve as global
indicators of coral reef health. Diadema are
nocturnal grazing herbivores that decrease
algal cover on reefs through their feeding
activities. They feed by scraping algae from
the surface of the reef.

Diadema populations contribute to net reef
erosion. For example, a normal population

of Diadema can produce as much as 5 kg
of carbonate sediment per square metre
per year by scraping the carbonate rock
surface. This corresponds to about 1 cm of
reef erosion per year (Ogden and Carpenter,
1987). When Diadema population densities
are high, and the urchins graze around the
bases of large colonies, this bio-eroding
activity can destabilize coral heads and
increase their susceptibility to be knocked
over by waves and currents.

On over-fished reefs, where there is a lack of
predators on all the life stages of Diadema,
populations can reach high levels that tip
the balance towards bioerosion and make
it difficult for new coral recruits to become
established. This problem has been observed
in the Atlantic and Pacific Oceans (Vo and
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Figure 7: Mean abundance of Diadema per 100 m? recorded at each country during
the 2002 and 2008 surveys; bars represent standard deviations.
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Hodgson, 1997), and it occurs in the Gulf
of Suez (Red Sea) where overfishing is a
critical problem (author’s observations).

However Hughes (1994) reported that
in areas where overfishing had severely
reduced both predators and herbivores, such
as in Jamaica, the loss of grazers led to an
exponential increase in macroalgae. Reef
corals, particularly those in shallow water,
were overgrown by algae. Living coral cover
on these reefs declined from about 30-70%
to a mere 1-10%. Lessios (1995) describes
a different situation that occurred in 1983
when a species-specific pathogen hit the
Caribbean, resulting in a mass die-off of up
to 99% of the existing Diadema populations
in some areas.

While Diadema populations are critical to
maintaining the natural balance between
algae and coral in a healthy reef system,
high-density populations are considered a
negative indicator in all oceans. In areas
where overfishing has reduced herbivore
populations, a low population of Diadema
Is also considered to be a negative indicator
(Hodgson and Liebeler, 2002).

During the RSGA regional surveys, the
mean number of Diadema was higher in
2002 (1173 + 17.0 Diadema/100 m? reef)
than in 2008 (6.87 + 8.97 Diadema/100 m?
reef), although this difference was not
significant at the 95% confidence level.
Figure 7 shows the temporal changes in
Diadema abundance in each country, with
high abundances recorded in Jordan (2008),
Saudi Arabia (2002 and 2008) and Yemen
(2002 and 2008).

The recorded abundance of Diadema in the
Indo-Pacific region significantly increased
from 17.82 + 48.9 Diadema/100 m? reef in
1997 to 36.41 + 103.1 Diadema/100m? reef
in 1998 and then significantly decreased
to 109 £+ 42.1 Diadema/100 m? reef in
2000 (Hodgson and Liebeler, 2002). These
authors found that the mean number of
Diadema was higher at sites with high
anthropogenic impacts than at sites with
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no impacts, although these differences
were not statistically significant. Habibi
et al. (2007) recorded abundance of 24.9
Diadema/100 m?reef in 2005 on Indonesian
reefs.

H) Triton

The triton was chosen as a global reef health
indicator because it has a beautiful shell
that is very desirable and easy to collect
as a curio. The triton is represented in the
Pacific region, including the Red Sea area,
by the species Charonia tritonis. In contrast
to smaller molluscs, the triton grows so large
(50 cm long) than it cannot hide in small
crevices and so is visible to the collector. In
the Indo-Pacific, the triton is a predator of
the crown-of-thorns starfish that, in turn,
preys on corals.

Only 6 sites out of
52 sites in the 2002
survey and 3 sites of
36 in the 2008 survey
had at least one triton.
The mean abundance
of triton recorded
in the RSGA region
decreased in the
2008 survey (0.02
0.03  triton/100 m?
reef) from the 2002
survey (0.18 + 0.31
triton/100 m?  reef).
Figure 8 shows the
temporal changes in
triton abundance recorded in each country,
with no triton found during the 2002 survey
in Egypt, Jordan, or Saudi Arabia.

In comparison, the recorded mean
abundance of triton in the Indo-Pacific
region was 0.03 £ 0.32 triton/100 m? reef
in the period of 1997-2001 (Hodgson and
Liebeler, 2002). Triton was recorded during
the period of 1997-2006 on Indonesian reefs
in extremely low numbers: 0-1 triton/100 m?
reef (Habibi et al., 2007). Unfortunately, the
triton is now very rare and it is difficult to
know what “normal” abundance levels in a
natural, undisturbed population would be.
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1) Giant Clam

Giant clams of the genus Tridacna were
selected as indicators because they have long
been highly prized both as a food item, as a
curio, and more recently as an ornamental
shellfish for aquarium keepers. There are
two giant clam species in the RSGA region,
T squamosa and T. maxima, and both
species are targets of human predation. The
shells of both species may reach more than
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Figure 9: Mean abundance of giant clams per 100 m? recorded at each country
during the 2002 and 2008 surveys; bars represent standard deviations.
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30—40 cm, but the occurrence of individuals
with these lengths is now very rare in the
Region.

Giant clams were recorded at 69% of the
surveyed sites in 2002 with mean abundance
of 1.54 + 0.93 clam/100 m?reef, and at 72%
of the surveyed sites in 2008 with 2.22. +
1.62 clam/100 m? reef. Most of the clams’
size were under 20 cm in length. Clams
of this small size live embedded in the
reef structure and are difficult to harvest
by shell collectors. Figure 9 shows the
temporal changes in giant clam abundance
recorded in each country during the 2002
and 2008 surveys; the highest recorded
abundance was in Saudi Arabia during the
2008 survey.

Giant clam abundance recorded in the
Indo-Pacific region was 39 + 19.1
clams/100 m? reef during 1997-2001
(Hodgson and Liebeler, 2002); Habibi et al.
(2007) recorded a mean abundance of 0.3
clam/100 m?reef in Indonesia in 2006.

J) Sea Cucumber
Edible species of sea cucumbers were

chosen as Indo-Pacific reef health indicators
because they are easily collected from

shallow waters and have high economic
values. Seacucumbers performan important
ecological function on the reef, digesting
organic matter in the sand and compacting
the sediments into pellets that aid in reef
formation.

According to the most recent investigations
and status reports in the RSGA area, there
are five species of sea cucumber that have
suffered from overfishing especially since
the year 2000: Holothuria scabra, H.
atra, H. leucospilota, Stichopus spp., and
Actinopyga mauritiana. For example, these
species almost disappeared from 90% of
shallow waters down to 30 m depths in the
Egyptian Red Sea. Sea cucumbers declined
from Yemeni and Saudi Arabia Red Sea
areas as well due to overfishing. The abrupt
increase in sea cucumber fishing started in
the Red Sea region during 2002 due to the
high demand for sea cucumbers from South-
East Asian markets after the depletion of
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most of the world’s sea cucumber fisheries.
The ease of collecting sea cucumbers from
the shallow bottom down to 30 m depths,
and the high price of the dry weight unit
of these organisms, led vast numbers of
fishermen, unemployed youth, and several
diving guides and instructors working as
sea cucumber collectors. Fishing for sea
cucumbers spread all over the RSGA region.
When the sea cucumber fishery declined in
one area or country, fishermen moved to
new areas or neighbouring countries. All the
countries in the Region are now suffering
from the high pressure of sea cucumber
fishing. This has led a few countries to
act and ban fishing for sea cucumbers.
Egypt and Yemen started prohibiting sea
cucumber fishing by law in 2003 and 2007,
respectively. PERSGA assisted the Yemeni
authorities in preparing management plans
to regain healthy stocks of these organisms,
but such a serious overfishing problem will
take a long time to overcome.

Sea cucumbers were recorded at 48% of
the surveyed sites around the Region in
2002 and from 69% of the sites during
the 2008 survey. In 2008 most of the sea
cucumbers detected were small in size
(<10 cm). Fishermen do not collect the
small sea cucumbers due to lack of market
demand. The mean abundance during 2002
was 1.16 + 1.76 cucumber/100 m?reef, and
during 2008 was 1.07 + 1.35 cucumber per
100 m? of reef.

Figure 10 shows the temporal changes
in sea cucumber abundance recorded in
each country during the 2002 and 2008
surveys. Among all countries, the highest
abundances were in Yemen while the lowest
were in Egypt.

Hodgson and Liebeler (2002) found that most
areas of the Indo-Pacific have already been
cleaned out of sea cucumbers, while Habibi
et al. (2007) recorded a sharp decrease in
sea cucumber abundance on Indonesian
reefs from 6.3 to 0.0 sea cucumber/100 m?
reef between 1997 and 2006.

K) Crown-of-thorns starfish

The crown-of-thorns starfish (COTS)
(Acanthaster planci) ischosenasanindicator
because it can have a major damaging effect
on reef corals through predation during
periods of population outbreak. The RSGA
region has recorded COTS outbreaks since
1997, especially on Egyptian Red Sea reefs
where catastrophic events occurred in 2000,
2002 and 2004. Other countries in the region

have also experienced COTS outbreaks at
different periods during the last decade.
Reports described severe coral bleaching
in some reef areas at the time due to these
outbreaks. Remedial actions were carried
out to save the Egyptian reefs that involved
the government, NGOs, and the private
sector. The second reason for choosing
COTS as an indicator is the controversy
regarding the causal factors of COTS
population explosions. These have yet to
be resolved, though a number of scientists
believe these outbreak episodes are linked
to human activities. A few hypotheses
suggest reasons that could lead to COTS
outbreaks, such as: increased runoff due to
poor land use leading to eutrophication that
facilitates higher survival of COTS larvae
and thus outbreaks; or over-harvesting of
the triton, a predator of COTS. The evidence
to date indicates that COTS outbreaks have
occurred sporadically in many areas since
the 1970s. However, a confirmed link to
human activities has not yet been clearly
established.

COTS were recorded at 34% of sites during
2002, and at 36% of sites during 2008 with
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Figure 11: Mean abundance of COTS per 100 m? recorded at each country during
the 2002 and 2008 surveys; bars represent standard deviations.

higher abundances towards the southern
Red Sea in Yemen and Djibouti (Figure
11).

COTS mean abundance was 0.30 + 0.38
and 0.42 + 0.45 COTS/100 m?reef in 2002
and 2008, respectively. No evidence of a
COTS outbreak was detected during the
2008 survey anywhere in the Region, and
the higher abundance towards the south of
the Red Sea might be related to the higher
level of nutrients in the water of this area,
which has been recorded by many authors
(e.g., Sheppard et al., 1992).

Hodgson and Liebeler (2002) estimated
mean average densities of COTS
on Indo-Pacific reefs at 0.23 =+ 0.99
COTS/100 m? reef during 1997-2001.
Habibi et al. (2007) estimated an average of
1.2 £ 0.2 COTS/100 m?reef on Indonesian
Reefs during the period 1997-2006. These
density levels, both in the RSGA region and
in the other regions mentioned, are below
the numbers which could be considered as a
population explosion (outbreak), according
to the Australian Institute of Marine
Science (1997).
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L) Hard coral cover

Coral cover is greatly affected by the
distribution of hard substratum on a reef
as well as by the health of the corals living
there. Out of the 52 and 36 sites surveyed
during 2002 and 2008 respectively, most of
the sites had a hard coral coverage of 10-
50% (44 and 30 sites in 2002 and 2008,
respectively). Only 7 sites in 2002 and 4
sites in 2008 showed hard coral coverage
higher than 50% but less than 70%. Similar
mean percentage cover of hard corals was
recorded in 2002 at 33.69 + 8.37 and in
2008 at 34.08 + 5.85. Figure 12 shows the
temporal changes in the percentage hard
coral cover recorded in each country during
the 2002 and 2008 surveys.
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Figure 12: Mean percentage hard coral cover recorded at each country during the
2002 and 2008 surveys; bars represent standard deviations.

Hodgson and Liebeler (2002) stated that
many of the healthiest reefs in the world
have probably never had more than about
30% coral cover, and they found the mean
coverage in the Indo-Pacific reefs around
35% during the period 1997-2001. Habibi
et al. (2007) estimated hard coral cover in
the range of 26-50% for Indonesian reefs
during the period 1997-2006.

However, coral cover by itself may not be a
very useful indicator of reef health unless
permanent transects are re-sampled over
time, or unless very large sample sizes are
available (Hodgson and Liebeler, 2002).
Without permanent transects it is possible
that a subsequent sample of the reef will hit
a large patch of sand or rubble, biasing the
results.

M) Nutrient indicator algae

Nutrient indicator algae (NIA) is the fleshy
seaweed which is a substratum category
that was introduced to the survey protocol
of Reef Check in 1999 as a way to measure
impacts of high nutrient inputs from land-
based sources such as fertilizer and sewage
pollution.

The recorded mean percentage cover of NIA
was 2.44 + 2.02 in 2002 and 1.24 + 3.03 in
2008. Spatial and temporal comparison
showed highest NIA mean coverage on
Saudi Arabian reefs with 4.8% and 7.4%, in
2002 and 2008 respectively (Figure 13).

Hodgson and Liebeler (2002) found, from
global monitoring data during the period
1997-2001, that reefs with no perceived level
of sewage pollution had 3.8 = 8.1 percent
cover of fleshy seaweeds, whereas reefs with
a perceived heavy level of sewage pollution
had a mean 13.1 + 12.7 percent cover of
fleshy seaweed. The RSGA reefs suffer in
some areas from sewage pollution due to
the practice of sewage discharge directly
into the sea. Generally, and according to
Hodgson and Liebeler (2002), reefs of the
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Figure 13: Mean percentage cover of NIA recorded at each country during the 2002
and 2008 surveys; bars represent standard deviations.

RSGA region might not be receiving sewage
pollution at high levels, and the only clear
result is that the reefs off the Saudi Arabian
coast indicate higher levels of nutrient
pollution.

N) Impacts

Overall, indicators for coral damage due
to anchors, coral bleaching and trash did
not show significant changes over time and
place. Coral damage by anchors was 0.68%
in 2002 and 0.53% in 2008. It is important
that this kind of damage is monitored
because of the wide use of anchors in the
RSGA region due to the lack mooring buoys
and lack of awareness of the value of coral
reefs.

In spite of the considerable use of anchors
in the Region by local fishermen, a low
percentage of coral damage by anchoring
was recorded. This might be due to the local
anchoring method preferred by fishermen
in the Region. The local fishermen who are
travelling over the reef areas for fishing use
small pieces of rock tied to the boat by a
long rope and use it to anchor over the reef
for fishing. This does not destroy as large an
area as any metal anchor. They consider that
the option of leaving the rocks underwater
to free their boats is safer, as well as being
cheaper than losing a metal anchor.
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Diving and pleasure boats are not common
all over the Region; they occur in the tourist
destinations of Egypt, Jordan, Saudi Arabia,
and on a small scale in other countries. The
major tourist destinations are monitored by
the concerned government authorities. A
mooring system was implemented at all the

key dive sites in Egypt. Over 1000 moorings
were created with the aid of NGOs. PERSGA
carried out a project in Saudi Arabia during
2007 to introduce the mooring technology
to the diving industry and installed mooring
buoys at 40 Jeddah reef sites. Also, a joint
project between PERSGA and ASEZA
in Jordan implemented in August 2009,
installed 26 mooring buoys at diving sites
along the Aqaba coast.



The percentage of bleached corals detected
was 0.36% in 2002 and 1.27% in 2008.
The 2002 survey followed the 1998 global
coral bleaching event, but it seems that the
detected bleaching level was not related
to either the global warming or the COTS
outbreaks. Such bleaching might be due
to localized effects of COTS, molluscs, or
other causes.

The amount of trash estimated was 0.37%
in 2002 and 0.18% in 2008. Most of the sites
visited had the usual types and amounts of
solid waste carried by wind and currents
but the sites monitored which are close to
large cities or urban aggregations received
different kinds and quantities of solid waste
including plastic bags, cans and plastic
bottles.
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6. RECOMMENDATIONS

Significant progress in conservation of
the marine environment of the RSGA
has been made in a relatively short time.
However, further actions are needed to
ensure continued progress. These include
full implementation of the recent regional
protocol on biodiversity, the regional MPAs
network, the RAPs, and the NAPs. Below are
some key recommendations that need to be
carried out to ensure improved monitoring
of the coral reef environment. This will
help in the evaluation of the conservation
measures currently taken at national and
regional levels. Such evaluation will lead to
continued progress in marine environmental
conservation and the sustainability of
marine resources.

1. Tobeuseful, monitoringusing PERSGA-
SSMs methodology (Reef Check)
should be carried out every year with
sufficient replication (number of sites)
to provide a comprehensive view of the
reefs of interest. The present 36 regional
monitoring sites should be included in
all future monitoring programmes.
There are tradeoffs between investing in
more replication at different geographic
and temporal scales. For example,
quarterly surveys at one location will
provide a more accurate picture of
local reef health—particularly with
respect to highly mobile fish, but this
may limit the number of locations that
can be surveyed and thus give a biased
picture of the overall health in the
region. Ideally, long-term coral reef
environmental monitoring programmes
should be developed at the national
level in each country with monitoring
resources allocated in a logical design
that best supports management goals.

2. Standard Reef Check methodology alone
is not sufficient to provide a complete
picture of coral reef health. Ideally,
a long-term monitoring plan should
include both Reef Check and some
more taxonomically detailed surveys.

THE STATUS OF CORAL REEFS IN
THE RED SEA AND GULF OF ADEN: 2009

The PERSGA-SSMs include GCRMN
Lifeform and English et al. (1997)
survey methodologies as more detailed
techniques which include fish families,
fish size estimates, coral genera, and
coral colony sizes. Unfortunately,
such detailed surveys require teams of
highly trained scientists and are more
time consuming and costly than Reef
Check. In most countries, an initial goal
of establishing a network of Reef Check
sites alone is already a serious challenge.
Currently, PERSGA plans to participate
with the countries in regional monitoring
surveys using SSMs—Reef Check
methodology every two years. PERSGA
recommends that each country set up
a national network of monitoring sites
using Reef Check methodology as a first
step towards a “regionally and globally
comparable” monitoring programme.
When this network can be successfully
funded and maintained, then sites where
more detailed monitoring is carried out
can be added as financial and scientific
personnel become available.

A number of issues must be considered
when using the SSMs—Reef Check
protocol for long-term monitoring. The
mostimportantaretaxonomicspecificity,
temporal and spatial replication. Each of
the RSGA countries has specific needs,
capabilities, and resources that will
require a custom design. An “ideal”
two-level monitoring programme would
have a few high-resolution sites using
more detailed methods such as English
et al. (1997), and a larger number of
lower-resolution Reef Check sites.
The Reef Check methodology has key
characteristics that ensure it plays an
important role in a two-level monitoring
programme. First it is a relatively fast
method that allows a team to gather a
snapshot of the health of reef corals,
other invertebrates and fish at up to two
sites per day. As more sites are surveyed
in a particular area, the resolution of the
snapshot is increased.



4. Second, because Reef Check can be

based on major inputs from volunteers
it can be built and extended through
community participation. PERSGA and
the official environmental authorities
in each country can use NGO support
to engage volunteers in the regular
monitoring survey. Then Reef Check
teams can be mobilized to survey many
more sites than is currently possible.
The national teams can focus on more
intensive methods which are much
more costly in time, staff and funding.
Each country can define the number of
high-resolution sites to be monitored
according to its capabilities and needs.
In addition, the Reef Check sites can
be resurveyed by volunteers more
frequently than the high-resolution
sites. If Reef Check surveys are
repeated at quarterly intervals, they can
then act as an early warning system for
major anthropogenic changes such as
bleaching, overfishing, eutrophication
and sedimentation.

PERSGA should also facilitate the
cooperation of regional scientists with

international networks of scientists
engaged in monitoring global sea
temperatures for early warning signs
of coral bleaching. In particular,
coral research into the sensitivity
and resilience of RSGA coral reefs to
bleaching events should be actively
supported and encouraged (especially
those reefs that form part of the Regional
Network of Marine Protected Areas).

There is a need to integrate current
and future research and monitoring
into global initiatives, and the ongoing
research and monitoring taking place in
the PERSGA member states. PERSGA
maintains such integration with global
initiatives but further advances should
be made at the national level. National
monitoring programmes need to be
designed and implemented with the
results integrated into the PERSGA
database at headquarters to facilitate
the preparation of regular regional
status reports. This would assist decision
makers in their conservation efforts.

THE STATUS OF CORAL REEFS IN
THE RED SEA AND GULF OF ADEN: 2009

55



56

REFERENCES

Al-Sakaff, H. and Essen, M. 1999. Occurrence
and distribution of fish species off
Yemen (Gulf of Aden and Arabian
Sea). Naga, 22, 43-47.

Australian Institute of Marine Science
(AIMS), 1997. Crown of Thorns
Starfish: Outbreaks. http:/www.gov.
au/pages/reflib/cot-starfish/pages/
cot-q10.html.

Chiffings, AW. 1995. Marine Region
11. Arabian Seas. In: A Global
Representative System of Marine
Protected Areas. Volume III,
Central Indian Ocean, Arabian Seas,
East Africa and East Asian Seas.
(Kelleher, G., Bleakley, C. & Wells,
S. eds), pp. 39-70. Great Barrier Reef
Marine Park Authority, Townsville;
The World Bank, Washington, D.C.;
IUCN, Gland.

De Vantier, L., Turak, E., Al-Shaikh, K.
and De’ath, G. 2000a. Coral
communities of the central-northern
Saudi Arabian Red Sea. Fauna of
Arabia, 18, 23-66.

De Vantier, L., Turak, E., Al-Shaikh, K. and
De’ath, G. 2000b. Coral bleaching
in the central-northern  Saudi
Arabian Red Sea, September 1998.
In: Proceedings of an International
Symposium on the extent of coral
bleaching in the Arabian region,
Riyadh (59 February 2000),
(Abuzinada, A.H., Joubert, E. and
Krupp, F. eds), pp. 75-90. PERSGA,
Jeddah; ROPME, Kuwait; NCWCD,
Riyadh.

English, S., Wilkinson, C. and Baker, V. (eds)
1997. Survey Manual for Tropical
Marine Resources. Second Edition.
Australian Institute of Marine
Science, Townsville.

Gladstone, W. and Fisher, PR. 2000. Status
and ecology of cetaceans in the
Farasan Islands marine protected
areas (Red Sea). Fauna of Arabia,
18, 385-396.

THE STATUS OF CORAL REEFS IN
THE RED SEA AND GULF OF ADEN: 2009

Gladstone, W. 2000. Ecological and social
basis for management of a Red Sea
marine protected area. Ocean and
Coastal Management, 43, 1015-
1032.

Goren, M. and Dor, M. 1994. Updated Check
List of the Fishes of the Red Sea.
Israel Academy of Science and
Humanities, Jerusalem.

Habibi, A., Setiasih, N. and Sartin, J. 2007. A
decade of Reef Check monitoring:
Indonesian coral reefs, condition
and trends. The Indonesian Reef
Check Network, 32 pp.

Hassan, M., Kotb, M.M.A. and Al-Sofyani,
A. 2002a. Status of coral reefs in the
Red Sea and Gulf of Aden. PERSGA
Report, 10 pp.

Hassan, M., Kotb, M.M.A. and Al-Sofyani,
A.A. 2002b. Status of coral reefs in
the Red Sea-Gulf of Aden, pp: 45-
53. In: Wilkinson, C. (ed.), Status
of Coral Reefs of the World, 2002.
Australian Institute of Marine
Science, Townsville, Queensland,
Australia. 378 pp.

Hodgson, G. and Liebeler, J. 2002. The
global coral reef crisis: Trends and
solutions. Reef Check 5 year Report.
Reef Check Foundation, USA.

80 pp.

Hughes, T.P. 1994. Catastrophes, phase shifts,
and large scale degradation of a
Caribbean coral reef. Science, 265,
1547-1551.

Kemp, J.M. 2000. Zoogeography of coral reef
fishes of the Gulf of Aden. Fauna of
Arabia, 18, 293-321.

Koslow, J.A., Hanley, F. and Wicklund, R.
1988. Effects of fishing on reef fish
communities at Pedro Bank and
Port Royal Cays, Jamaica. Marine

Ecology Progress Series, 43, 201-
212.



Kotb, M.M.A., Abou Zeid, M.M. and
Hanafy, M.H. 2001. Report on the
establishment and evaluation of the
coral reef monitoring programme.
Technical report for the Egyptian
Environmental Policy Program,
USAID, March 2001, 85 pp.

Kotb, M., Abdulaziz, M., Al-Agwan, Z.,
Alshaikh, K., Al-Yami, H., Banajah,
A., Devantier, L., Eisinger, M.,
Eltayeb, M., Hassan, M., Heiss,
G., Howe, S., Kemp, J., Klaus, R.,
Krupp, F., Mohamed, N., Rouphael,
T., Turner, J. and Zajonz, U. 2004.
Status of Coral Reefs in the Red
Sea and Gulf of Aden in 2004. In:
Wilkinson, C. (ed.) Status of Coral
Reefs of the World, 2004; pp. 137-
154. Australian Institute of Marine
Science, Townsville, Queensland,
Australia, 1, 301 pp.

Kotb, M.M.A., Hanafy, M.H., Rirache, H.,
Matsumura, S., Al-Sofyani, A.A.,
Ahmed, A.G., Bawazir, G. and Al-
Horani, F.A. 2008. Status of Coral
Reefs in the Red Sea and Gulf of
Adenin2008. In: Wilkinson, C. (ed.),
Status of Coral Reefs of the World,
2008; pp. 67-78. Australian Institute
of Marine Science, Townsville,
Queensland, Australia, 298 pp.

Lessios, H.A. 1995. Diadema antillarum
10 years after mass mortality: still
rare, despite help from a competitor.
Proceedings of the Royal Society of
London, 259, 331-337.

Marsh, H., Eros, C., Penrose, H. and Hugues,
J. 2002. The Dugong (Dugong
dugon). Status Report and Action
Plans for Countries and Territoriesin
its Range. UNEP, Kenya. Available
at:http://data.iucn.org/dbtw-wpd/
edocs/2002-001.pdf

Miller, J.D. 1989. An assessment of the
conservation status of marine turtles
in Saudi Arabia. Volume 1, MEPA
Coastal and marine management

series, Report no. 9, Jeddah,
209 pp.

Munro, J.L. 1983. Caribbean coral reef fishery
resources. ICLARM Studies and
Reviews, 7, 1-276.

Ogden, J.C. and Carpenter, R.C. 1987.
Species profiles: Life histories
and environmental requirements
of coastal fishes and invertebrates
(South Florida), long-spined black
sea urchin. U.S. Fish and Wildlife
Service Biol. Rep. 82 (11.77), 17 pp.

Ormond, R.F.G. and Banaimoon, S.A. 1994.
Ecology of intertidal macroalgal
assemblages on the Hadramout
coast of southern Yemen, an area of
seasonal upwelling. Marine Ecology
Progress Series, 105, 105-120.

PERSGA, 1998. Strategic Action Programme
for the Red Sea and Gulf of Aden.
PERSGA, Jeddah and World Bank,
Washington, D.C.

PERSGA, 2001. Country Reports. Strategic
Action Programme for the Red Sea
and Gulf of Aden. PERSGA, Jeddah
and World Bank, Washington, D.C.,
205 pp.

PERSGA, 2006. The State of the Marine
Environment, Report for the Red
Sea and Gulf of Aden. Wilkinson,
G., Facey, R. and Hariri, K. (eds),
PERSGA, Jeddah, 241 pp.

PERSGA, 2009. Guidelines for Compensation
Following Damage to Coral Reefs by
Ship or Boat Grounding. PERSGA
Technical Series No. 15, PERSGA,
Jeddah, 53 pp.

PERSGA/GEF, 2002a. The Red Sea and
Gulf of Aden Regional Network of
Marine Protected Areas. Regional
Master Plan. PERSGA Technical
Series No. 1, PERSGA, Jeddah,

82 pp.

PERSGA/GEF, 2002b. A Regional Network
of Marine Protected Areas. Survey
Designs for Proposed Marine
Protected Areas. Kemp, J. (ed.).
PERSGA, Jeddah.

PERSGA/GEF, 2003a. Regional Action Plan
for the Conservation of Coral Reefs
in the Red Sea and Gulf of Aden.
PERSGA Technical Series No. 3,
PERSGA, Jeddah, 50 pp.

PERSGA/GEF, 2003b. Coral Reefs in

THE STATUS OF CORAL REEFS IN
THE RED SEA AND GULF OF ADEN: 2009

57



58

the Red Sea and Gulf of Aden.
Surveys 1990 to 2000: Summary
and Recommendations. PERSGA
Technical Series No. 7, PERSGA,
Jeddah, 137 pp.

PERSGA/GEF, 2004. Standard Survey
Methods for Key Habitats and Key
Species in the Red Sea and Gulf of
Aden. PERSGA Technical Series
No. 10, PERSGA, Jeddah, 310 pp.

PERSGA/GEF 2007. Current Status of the
Ornamental Fish Tradeinthe Red Sea
and Gulf of Aden with Guidelines for
a Self-financing Monitoring, Control
and Surveillance Programme and

Proposals for Quotas. PERSGA
Technical Series No. 14. PERSGA,
Jeddah.

Pilcher, N. and Al-Suhaibany, A. 2000.
Regional status of coral reefs in
the Red Sea-Gulf of Aden. In:
Wilkinson, C. (ed.), Status of Coral
Reefs of the World, 2000; pp. 35-
54. Australian Institute of Marine
Science, Townsville, Queensland,
Australia, 363 pp.

Preen, A. 1989. The status and conservation
of dugongs in the Arabian Region.

THE STATUS OF CORAL REEFS IN
THE RED SEA AND GULF OF ADEN: 2009

MEPA  coastal and marine
management series, Report
no. 10, Volume 1, Meteorology
and Environmental  Protection
Administration, Jeddah, 200 pp.

Reef Check, 2006. As: Hodgson, G., Hill,
J., Kiene, W., Maun, L., Mihaly, J.,
Liebeler, J., Shuman, C. and Torres,
R. 2006. Reef Check Instruction
Manual: A Guide to Reef Check
Coral Reef Monitoring. Reef Check
Foundation, Pacific  Palisades,
California, USA.

Sheppard, C.R.C. and Sheppard, A.L.S. 1991.
Corals and coral communities of
Arabia. Fauna of Saudi Arabia, 12,
3-170.

Sheppard, C., Price, A. and Roberts, C. 1992.
Marine Ecology of the Arabian
Region: Patterns and processes in
extreme tropical environments.
Academic Press, London, 359 pp.

Vo, S.T. and Hodgson, G. 1997. Coral reefs of
Vietnam: Recruitmentlimitationand
physical forcing. In: H.A. Lessios
(ed.) Proceedings 8" International
Coral Reef Symposium, 281-477.



APPENDICES

THE STATUS OF CORAL REEFS IN 59
THE RED SEA AND GULF OF ADEN: 2009



APPENDIX 1

Members of the national fieldwork teams that participated in the 2008 regional monitoring
survey, their official authorities and level of experience.

# | Country Name Authority State
PERSGA | Dr. Mohammed Kotb PERSGA - Biodiversity & MPAs Scientific &
Programme Diving Leader
1 Essam S. Khalil Sharm EI-Sheikh Protectorates (EEAA) Experienced
2 Mohamed A. Abdou | Sharm EI-Sheikh Protectorates (EEAA) | New participant
3 Said B. Al-Housiny Sharm EI-Sheikh Protectorates (EEAA) | New participant
4 Aly A. Badawy Nuweiba (EEAA) New participant
5 Egypt Emad H. Mohamed Dahab (EEAA) New participant
6 Tamer M. Attalla Hurghada Protectorates (EEAA) Experienced
7 Tamer K. Farghal Hurghada Protectorates (EEAA) Experienced
8 Beshoy M. Fahmy Hurghada Protectorates (EEAA) New participant
9 Wael A. Hefny Hurghada Protectorates (EEAA) Experienced
10 Salim Y.S. Al- Aqaba Marine Park (ASEZA) Experienced
Nawaiseh
1 Abdullah M.A. Al- Agaba Marine Science Station Experienced
Momani
12 Omer A.A. Al- Agaba Marine Science Station Experienced
Momani
Jordan
13 Atieh A.A. Al- Aqaba Marine Park (ASEZA) New participant
Tarabeen
14 Rakad B.M. Al- Aqaba Marine Park (ASEZA) New participant
Hweeti
15 Nasser H. Al- Aqaba Marine Park (ASEZA) New participant
Shamailah
16 Dr. Abdel-Mohsen A. King Abdul-Aziz University-Jeddah Experienced
Al-Sofiany
17 Saudi Rabiea M. Khayat King Abdul-Aziz University-Jeddah New participant
Arabia
18 Kamal K. Al-Dahory King Abdul-Aziz University-Jeddah Experienced
19 Yehia A. Falous King Abdul-Aziz University-Jeddah New participant
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20 Aref A. Hamoud General Authority of the Marine Experienced
Science Research
21 Maeen L. Al-Swari General Authority of the Environment New participant
Yemen Protection
22 Hesham S. Awadh General Authority of the Marine New participant
Science Research
23 Zaher A. Al-Agwan PERSGA Experienced
24 Houssein Rirache Environment and Land Planning Experienced
Department (MHUEAT)
25 Sayaka Matsumura Japan International Cooperation New participant
Djibouti Agency (JICA)
26 Saied Djibouti Marine Force New participant
27 Mohamed Djibouti Marine Force New participant
28 Moamer E. Aly Marine Science Faculty—Port Sudan New participant
University
29 Khalid A. Shakour Implementing Science Faculty—Port New participant
Sudan
30 Khassan M. Ahmed Nile Oil Company Experienced
31 Sudan Abdullah N. Al-Awad Red Sea Fish Research Center New participant
32 Ehab O. Abdulla Marine Science Faculty—Port Sudan Experienced
University
33 Al-Amin M. Al-Amin Red Sea Fish Research Center Experienced
34 Yasser H. Ebrahim Marine Science Faculty—Port Sudan New participant

University
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APPENDIX 2

The data sheets for the different categories and indicator species used during the current

survey (after Reef Check, 2006).

Site Name: Country/Island:
Depth: Team Leader:
Date: Time:
Fish
Data recorded by:
0-20m 25-45m | 50-70m | 75-95m
Butterflyfish (Chaetodontidae)
Sweetlipis (Haemulidae)
Broomtail wrasse (Cheilinus lunalatus)
Humphead wrasse (Chellinus
undulatus )
Bumphead parrotfish (Bolbometopon
muricatum )
Other parrotfish (Scaridae) only >20 cm
Snapper (Lutjanidae)
Moray eel (Muraenidae)
Grouper (Serranidae) sizes (cm) (count
ONLY >30cm): 0-20m 25-45m | 50-70m | 75-95m
30-40 cm
40-50 cm
50-60 cm
>60 cm

Total # grouper

Rare animals sighted (type/#)

Comments:
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Site Name: Country/lsland:

Depth: Team Leader:
Date: Time:

Data recorded by:

Invertebrates 0-20m | 25-45m | 50-70m | 75-95m

Banded coral shrimp (Stenopus hispidus)

Diadema urchins (including

Echinothrix spp.)

Pencil urchin (H. mammilatus)

Collector urchin (Tripneustes spp.)

Sea cucumber (Holothuridae)

Crown of thorns (Acanthaster plancii)

Triton (Charonia tritonis)

Lobster ( Palinuridae)

Giant clam (Tridacna sp.) sizes 0-20m 25-45m | 50-70m | 75-95m

<10 cm

10-20 cm

20-30 cm

30-40 cm

40-50 cm

>50 cm

Total # giant clams observed

Impacts: Coral Disease/
Bleaching/Trash/Other

0 =none, 1 =low, 2 = medium and 3 = high

0-20m 25-45m | 50-70m [ 75-95m

Coral damage: Boat/Anchor

Coral damage: Dynamite

Coral damage: Other

Trash: Fish nets

Trash: General

Bleaching (% of coral population)

Bleaching (% of colony)

Coral Disease (% of coral affected if yes)

Rare animals sighted (type/#)

Comments:
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Site name

Depth:

TS/TL:

Time:

Substrate Code
HC hard coral

Countryl/lsland:

Date:

Data recorded by:

SC soft coral RKC recently killed coral

NIA nutrient indicator algae SP sponge RC rock
RB rubble SD sand Sl silt/clay
OT other
(For first segment, if start point is 0 m, last point is 19.5 m)

SEGMENT 1 SEGMENT 2 SEGMENT 3 SEGMENT 4

0-195m 25-445m 50-69.5m 75-945m

0 10 25 35 50 60 75 85
0.5 10.5 255 355 50.5 60.5 75.5 85.5
1 11 26 36 51 61 76 86
15 11.5 26.5 36.5 51.5 61.5 76.5 86.5
2 12 27 37 52 62 77 87
2.5 12.5 27.5 37.5 52.5 62.5 77.5 87.5
3 13 28 38 53 63 78 88
35 13.5 28.5 38.5 535 63.5 78.5 88.5
4 14 29 39 54 64 79 89
4.5 14.5 29.5 39.5 54.5 64.5 79.5 89.5
5 15 30 40 55 65 80 90
55 155 30.5 40.5 55.5 65.5 80.5 90.5
6 16 31 41 56 66 81 91
6.5 16.5 315 41.5 56.5 66.5 81.5 91.5
7 17 32 42 57 67 82 92
7.5 17.5 32.5 42.5 57.5 67.5 82.5 92.5
8 18 33 43 58 68 83 93
8.5 18.5 335 43.5 58.5 68.5 83.5 93.5
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APPENDIX 3

Coordinates and names of the reefs and the sites surveyed.

City /
Island

Site Name

Beach/Reef Name

Lat. (D-M-S)

Long. (D-M-S)

#

Nuweiba Ras Shetan Castle Beach 29°07°39.89”N | 34°41’04.97”E 1
Dahab Island Dive Inn Beach 28°2842.63”N 34°30°49.81”E 2
Sharm El- | Ras Nosrani Melina Sinai 27°57°49.98”N | 34°24°50.75”E 3
Sheikh
Sharm EI- Ras Anemone City Reef 27°43°39.37°N | 34°15°2790”E | 4
Sheikh Mohamed
s
T | Hurghada Gotta Abu Gotta Abu Ramada 27°08°21.61"N | 33°57°16.58”E | 5
Ramada
Safaga Ras Abou Ras Abou Soma Reef 26°50°35.15"N | 34°00’1146”E | 6
Soma
Qusier Marsa Wizr Mangrove Bay Beach 25°52°14.62”N | 34°25°25377°E | 7
Marsa Marsa Marsa Shaqraa Reef 25°14°44.48”N 34°47°53.80"E 8
Alam Shaqraa
L .}
O’Seif [ ------------ East of O’Seif Prot jetty | 21°45°56.01”N 36°53’11.59”E | 9
Arkiyai | ------------ Reef off Arkyai fishing | 20°13°39.67”N | 37°12°33.36”E | 10
S village
]
@ Port- Abou Reef off Port-Sudan fish | 19°37°40.13”N | 37°144481”E | 11
Sudan Hashish market
Suakin | -----e--e--- Reef off Suakin Port 19°8°4.90”N 37°22°9.30”E | 12
L .}
Maskali Light house Light house western 11°42°47.28”N 43°08°54.73”E | 13
Island reef
Maskali Canyon Light house northern 11°42°56.10”N 43°09°14.55"E | 14
Island reef
= Moucha Grand Recif | Tombant Nord (northern | 11°44°26.99”N | 43°12°30.06”E | 15
>
§ Islands (Great Reef) slope)
=
Seven
Brothers Grande lle Japanese Garden 12°28°00.32”N | 43°25°56.90”E | 16
Islands
Seven
Brothers Ile de I’Est Chinese Garden 12°27°16.00”N | 43°26°34.00”E | 17
Islands

THE STATUS OF CORAL REEFS IN
THE RED SEA AND GULF OF ADEN: 2009

65



66

> City /

£ Island Site Name Beach/Reef Name Lat. (D-M-S)  Long. (D-M-S)

S

.

E Nosurvey | =----=--==--= | emmeememmeemee | emeemeeeeeeeen | e

[}

(%2

. ________________________________________________ _____________ _________ |
Tigfash | ---=--=m-= | s 15°42°05.82”N | 42°23°30.53”E | 18
Island
Shalatem | -------mee- | s 13°47°18.99”N | 42°48°22.61”E | 19
Island
Myyun [ eeeeeeeeeee | s 12°38’11.79"N | 43°25°08.97"E | 20
Island

c

2 | Shagraa | ----eeeeees [ e 13°21°49.70"N | 45°44°49.09”E | 21

£ coast
Sikha | —smmeeeeeee | e 13°56°09.18"N | 48°23’11.08"E | 22
Island
Macrogha | ------=----= | e 14°49°11.74”N 50°00°55.95”E | 23
Island
Socotra | Roosh-Halah |  -------emmeme- 12°36’10.40”N | 53°49°00.38”E | 24
Island

. ________________________________________________ _____________ _________ |
Haql | ------------ Dora 29°21°14.50”N 34°57°2099”E | 25
Magna | --mmeeemeee | e 28°24°53.27"N | 34°44°43.94”E | 26
Duba | ------------ Cement Tabouk 27°32°43.24”N 35°31’53.97°E | 27
O T T [ —— 24°59°50.21"N | 37°1645.61"E | 28

<

o Mastura | --------mme- | e 23°03°04.68”N | 38°46’47.85"E | 29
Jeddah Corniche | = ==memmmmemees 21°38°40.0”N 39°06°01.56”E | 30
AlLith | e | e 20°08°56.01”N | 40°14°00.60”E | 31
Assir Hali | = e 18°22°35.98”N | 41°26°52.34”E | 32
Farasan Zfaf | - 16°43°26.77"N 41°48°03.41”E | 33

. _____________________________________________ _______________ ________ |

------------ First Bay 29°27°01.00"N 34°58°’10.90”E | 34

c

©

g Agaba | ------------ Japanese Garden 29°2542.63”N | 34°58°22.88”E | 35

------------ Aquarium 29°24°03.70”N 34°58°00.44”E | 36
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APPENDIX 4

Data collected from Djiboutian reef sites
Google images showing the locations of the sites surveyed on Djiboutian reefs

«~Google

«~Google

Google image of Maskali Island showing sites of Light House (above) and Canyon
(below); the yellow arrows indicate the exact locations of the transects surveyed.
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L8

Google image of Moucha Island showing the location of northern slope/great reef
(Grand Recif-Tombant Nord); the yellow arrow indicates the exact location of the
transects su rveyed.

Google image of the Seven Brothers Islands; the yellow arrow indicates the exact
location of the transects surveyed at the Japanese Garden Reef on the Great Island
(Grande lle).
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-Google
L

Google image of the Seven Brothers Islands; the yellow arrow indicates the exact
location of the transects surveyed at the Chinese Garden Reef on the Eastern Island
(Ile de I’Est).
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Reef Profiles for the Sites Surveyed in Djibouti
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APPENDIX 5
Data collected from Egyptian reef sites

Google images showing the locations of the sites surveyed on Egyptian reefs

~Google

Google image of Nuweiba-Egypt; the yellow arrow indicates the exact location of the
transects surveyed in front of Castle Resort beach, Ras Shitan reef site.

-Google
[

Google image of Dahab-Egypt; the yellow arrow indicates the exact location of the
transects surveyed in front of Dive Inn beach, the island reef site.
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~Google

Google image of Ras Nosrani, Sharm El-Sheikh, Egypt; the yellow arrow indicates
the exact location of the transects surveyed in front of Melina Sinai Resort beach.

.(’IL'}L‘}HIC

magay Date Fab 31, 304

Google image of Ras Mohamed, Sharm El-Sheikh, Egypt; the yellow arrow indicates
the exact location of the transects surveyed at the Anemone City reef site.
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~Google

Eyenk 2TIOR ([

Google image of Gotta Abu-Ramada submerged reef, Hurghada, Egypt; the yellow
arrow indicates the exact location of the transects surveyed.

Google image of Ras Abu Soma, Safaga, Egypt; the yellow arrow indicates the exact
location of the transects surveyed.
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~Google

Google image of Marsa Wizr, Qusier, Egypt; the yellow arrow indicates the exact
location of the transects surveyed in front of the Mangrove Bay Resort reef.

Google image of Marsa Alam, Egypt; the yellow arrow indicates the exact location of
the transects surveyed at Marsa Shaqraa reefs.
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Reef Profiles for the Sites Surveyed in Egypt
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APPENDIX 6

Data collected from Jordanian reef sites

Google images showing the locations of the sites surveyed on Jordanian reefs

.Gooale
L8

Google image of the First Bay reef site on the Aqaba coast; the yellow arrow indicates
the exact location of the transects surveyed.

~Gooale

Google image of the Japanese Garden reef site on the Aqaba coast; the yellow arrow
indicates the exact location of the transects surveyed.
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Google image of the Aquarium reef site on the Aqaba coast; the yellow arrow
indicates the exact location of the transects surveyed.
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Reef Profiles for the Sites Surveyed in Jordan
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APPENDIX 7

Data collected from Saudi Arabian Red Sea reef sites

Google images showing the locations of the sites surveyed on Saudi Arabian Red Sea

il 1. b

Google image of Haqgl-Dora site on the KSA Gulf of Aqaba reefs; the yellow arrow
indicates the exact location of the transects surveyed.

T Ao 344 ) Bt Fre an

Google image of Maqna surveyed site at the KSA Gulf of Aqaba reefs; the yellow
arrow indicates the exact location of the transects surveyed.
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Google image of Duba site, KSA northern Red Sea reefs; the yellow arrow indicates
the exact location of the transects surveyed.

Google image of Umm Lajj site, KSA northern Red Sea reefs; the yellow arrow
indicates the exact location of the transects surveyed.
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_.Google
L

Google image of Mastura site, KSA northern Red Sea reefs; the yellow arrow
indicates the exact location of the transects surveyed.

Google image of Jeddah Corniche site, KSA central Red Sea reefs; the yellow arrow
indicates the exact location of the transects surveyed.
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«Google

Google image of Al Lith site, KSA central Red Sea reefs; the yellow arrow indicates
the exact location of the transects surveyed.

Google image of Hali site, KSA central Red Sea reefs; the yellow arrow indicates the
exact location of the transects surveyed.
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Google
L

Google image of Farasan-Zfaf site, KSA southern Red Sea reefs; the yellow arrow
indicates the exact location of the transects surveyed.
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Reef Profiles for the Sites Surveyed in Saudi Arabia
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APPENDIX 8

Data collected from Sudanese reef sites

Google images showing the locations of the sites surveyed on Sudanese reefs

~Google

Google image of the O’Seif reef site; the yellow arrow indicates the exact location of
the transects surveyed.

~Google
L

Google image of the Arkiyai reef site; the yellow arrow indicates the exact location of
the transects surveyed.
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Google

Google image of the Port Sudan—Abu Hashish reef site; the yellow arrow indicates
the exact location of the transects surveyed.

Google image of the Suakin reef site; the yellow arrow indicates the exact location of
the transects surveyed.
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Reef Profiles for the Sites Surveyed in Sudan
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APPENDIX 9

Data collected from Yemeni reef sites

Google images showing the locations of the sites surveyed on Yemeni reefs

Google image of Tigfash Island; the yellow arrow indicates the exact location of the
transects su rveyed.

Google
L8

Google image of Shalatem Island; the yellow arrow indicates the exact location of the
transects su rveyed.
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~Google

Google image of Myyun Island; the yellow arrow indicates the exact location of the
transects surveyed.

~Google

Google image of the Shaqraa coast; the yellow arrow indicates the exact location of
the transects surveyed.
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~Google

Google image of Sikha Island; the yellow arrow indicates the exact location of the
transects su rveyed.

~Google

8 i

Google image of Macrogha Island; the yellow arrow indicates the exact location of the
transects surveyed.
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Google image of the Socotra Archipelago; the yellow arrow indicates the exact location of
the transects surveyed.
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Reef Profiles for the Sites Surveyed in Yemen
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APPENDIX 10

The data collected from the different countries of the RSGA region—2008

The mean abundances (£SD) of fish and invertebrate indicator species

Djibouti Jordan Sudan Yemen

Fish (abundance) é é g : é

Butterflyfish 8.08| 2.36| 6.23| 0.69| 6.83| 124| 822 0.36| 447 155| 6.94| 0.86
Haemulidae 481 097| 064| 007 000| 000 109, 0.03| 0.34| 0.04| 368 179
Broomtail wrasse 016| 0.22| 0.84| 018| 0.38| 0.29| 0.59| 008| 094| 027 031 0.09
Grouper 0.54| 0.29| 0.5 0.35| 025/ 012| 103| 020 078 040| 043 011
Humphead wrasse 015 0.03| 0.24| 0.07| 0.00| 0.00| 0.00| 000| 016 0.04f 010] 015
Bumphead parrotfish | 0.04| 0.06f 010| 0.03| 075| 0.24| 010 0.02f 0.00| 0.00| 0.00| 0.00
Parrotfish 151 0.25| 213| 0.35| 125| 0.35| 224 037 200| 018 375 141
Snapper 2464| 2447 801| 454 0.00| 000| 28.02| 1381| 0.88| 0.00| 50.49| 2.32
Moray eel 010, 0.03| 010 0.03| 0.08] 0.00| 0.00{ 0.00| 0.06| 0.00f 021 029

Grouper — size class

=
]
)

(cm) £

30-40 cm 026 | 025 | 055 | 016 | 025 | 012 | 0.84 | 013 | 044 | 035 | 0.30 | 0.22
40-50 cm 017 | 012 | 012 | 013 | 0.00 | 0.00 | 024 | 005 | 016 | 0.04 | 013 | 0.05
50-60 cm 0.07 | 001 | 0.08 | 0.07 | 0.00 | 0.00 | 0.05 | 0.03 | 0.00 | 0.00 | 0.03 | 0.04
>60 cm 0.04 | 0.06 | 0.00 | 0.00 | 0.00 | 0.00 | 0.OO | 0.00 | 019 | 0.09 | 0.07 | 0.02

= = = = = =

Sy : & § & §F & i & & & & &
Banded coral shrimp | 010 | 0.03 | 002 | 0.02 | 071 | 0.41 | 000 | 0.00 | 0.06 | 0.00 | 010 | 0.15
Diadema 0.04 | 006 | 020 | 016 | 38.33 | 530 | 1412 | 13.70 | 1..09 | 0.22 | 18.89 | 1.50
Pencil urchin 007 | 001 | 116 | 141 | 021 | 018 | 0.00 | 0.00 | 1.03 | 0.66 | 0.00 | 0.00
Collector urchin 0.24 | 010 | 054 | 070 | 025 | 012 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Sea cucumber 0.84 | 093 | 0.08 | 006 | 117 | 000 | 092 | 0.24 | 013 | 0.00 | 3.38 | 2.30
Crown-of-thorns 0.22 | 004 | 0.00 | 0.00 | 0.00 | 000 | 018 | 0.26 | 053 | 013 | 115 | 0.78
Giant clam 104 | 077 | 293 | 155 | 075 | 071 | 385 | 292 | 325 | 0.88 | 0.02 | 0.03
Triton 0.03 | 0.04 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.06 | 0.00 | 0.03 | 0.04
Lobster 0.07 | 0.01 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 013 | 0.18

Giant clam — size

class (cm)

<10 cm 006 | 009 | 136 | 081 | 0.33 | 0.35 | 1.89 | 121 | 200 | 071 | 0.00 | 0.00
10-20 cm 078 | 066 | 113 | 0.30 | 0.29 | 0.29 | 131 | 1.05 | 0.81 | 0.35 | 0.02 | 0.03
20-30 cm 020 | 019 | 0.27 | 0.38 | 0.04 | 006 | 051 | 057 | 019 | 0.27 | 0.00 | 0.00
30-40 cm 0.00 | 0.00 | 0.00 | 0.00 | 0.04 | 006 | 0.09 | 0.03 | 0.00 | 0.00 | 0.00 | 0.00
40-50 cm 0.00 | 0.00 | 003 | 0.04 | 0.04 | 006 | 0.04 | 006 | 0.22 | 0.22 | 0.00 | 0.00
>50 cm 0.00 | 0.00 | 014 | 002 | 0.00 | 0.00 | 0.00 | 0.00 | 0.03 | 0.04 | 0.00 | 0.00
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Averages (=SD) of impact levels and substrate cover
Djibouti Egypt Jordan

Impacts (%)

Coral damage: | 5 | 549 | 033 | 012 | 029 | 029 | 015 | 002 | 141 | 040 | 0.44 | 0.20
Boat/Anchor

Coral damage: | g | (15 | 000 | 000 | 004 | 006 | 007 | 020 | 0.00 | 0.00 | 0.00 | 0.00
Dynamite

(C:)?t:glr damage: | o9 | 006 | 067 | 011 | 092 | 0.24 | 082 | 025 | 038 | 000 | 0.25 | 0.2
:;‘{‘35“: Fish 000 | 000 | 005 | 007 | 000 | 000 | 000 | 002 | 031 | 035 | 0.23 | 0.03
Trash: General | 0.04 | 0.06 | 0.00 | 000 | 0.08 | 0.00 | 0.40 | 0.02 | 0.44 | 0.00 | 0.00 | 0.00

Bleach

— Disease

Bleaching
(% of coral 0.09 0.00 0.46 0.04 4.78 144
population)
Bleaching (%
of colony)
Coral disease

(% of coral 0.00 0.24 0.08 0.46 0.00 0.00
affected)

0.13 0.00 0.17 132 10.47 0.16

Living

Substrate
Cover (%)

Hard coral 3370 | 12.89 | 4147 | 488 | 2458 | 442 | 3314 | 116 | 32.66 | 2.21 | 38.92 | 8.78
Soft coral 979 | 324 | 973 | 702 | 260 | 1.03 | 2916 | 6.37 | 13.52 | 2.32 | 1557 | 1.69

Nutrient
indicator algae

Sponge 174 | 136 | 005 | 007 | 073 | 0.74 | 0.86 | 0.84 | 0.00 | 0.00 | 0.70 | 0.63
Other 12.99 | 11.97 | 137 | 160 | 0.00 | 0.00 | 0.00 | 0.00 | 0.23 | 011 | 2.50 | 0.88

0.00 | 0.00 | 0.00 | 0.00 | 000 | 000 | 742 | 0.01 | 0.00 | 0.00 | 0.00 |0.00

Non-living

Substrate
Cover (%)

CR(fgi”“y Killed | 19 | 015 | 0.00 | 000 | 365 | .33 | 000 | 000 | 117 | 033 | 016 | 0.22
Rock 26.22 | 416 | 36.99 | 768 | 3615 | 575 | 10.49 | 2.46 | 27.81 | 4.86 | 2315 | 4.10
Rubble 833 | 0290 | 361 | 1.86 | 563 | 2.06 | 000 | 0.00 | 12.66 | 3.31 | 10.56 | 1.86
Sand 6.88 | 795 | 678 | 573 | 26.67 | 1532 | 18.93 | 1.90 | 11.95 | 343 | 845 | 0.60
Silt/Clay 0.00 | 0.00 | 000 | 000 | 0.00 | 000 | 000 | 000 | 000 | 000 | 0.00 | 0.00
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APPENDIX 11
The data collected from the different countries of the RSGA region—2002

The mean abundances (£SD) of fish and invertebrate indicator species
[(-) means no data collected]

Fish Djibouti Egypt Jordan KSA Sudan Yemen
(abundance) mean SD+ mean SDx mean SD+ mean SDx mean SD+ mean SD+
Butterflyfish 6.05 | 215 | 704 | 358 | - - | 339 [ 005 | 532 [ 209 875 | 424
Haemulidae 190 | 391 | 032 | 152 | - - | 112 [ 008 | 009 [ 017 | 725 | 961
\?vrr‘;‘s’srzta" 0.00 | 000 | 036 | 061 | - - | 057 | 042 | 002 |008| 015 | 0.22
Grouper 080 | 057 | 079 | 098 | - - | 136 | 008 | 050 | 056 | 040 | 038
Vk\'l‘r‘:;f:ead 053 | 057 | 006 | 018 | - - | 013 | 018 | 005 | 010 | 000 | 000
Bumphead i _ i i _ ) i _ i i i i
parrotfish

Parrotfish 140 | 142 | 207 | 158 | - - | 387 | 374 | 252 | 146 | 18 | 111
Snapper 1655 | 1595 | 120 | 370 | - - | 6279 | 8412 | 045 | 053 | 136.90 | 250.44
Moray eel 025 | 035 | 032 [099| - - | o1 [ 003 005 [010] 000 | 000

Grouper — size
class (cm)

30-40 cm - - - - - - - - - - - -
40-50 cm - - - - - - - - - - - -
50-60 cm - - - - - - - - - - - -
>60 cm - - - - - - - - - - - -

mean SD+ mean SD+ mean SD+ mean SD+ mean SD+ mean SD+

Invertebrates

mean SD+ mean SD+ mean SD+ mean SD+ mean SD+ mean SD+
(@abundance)

Banded coral
shrimp

Diadema 553 | 701 | 095 | 171 - - 1095 | 1370 | 0.09 | 0.23 | 4115 | 68.20
Pencil urchin 948 | 20.08 | 0.08 | 0.18 - - 0.20 | 019 | 0.00 | 0.00 | 0.20 0.45
Collector urchin - - - - - - - - - - - -
Sea cucumber 075 | 074 | 018 | 0.55 - - 060 | 072 | 0.00 | 0.00 | 4.25 771
Crown-of-thorns| 0.95 | 1.06 | 0.00 | 0.00 - - 011 | 004 | 016 | 026 | 0.30 0.67
Giant clam 255 | 179 | 215 | 2.07 - - 141 | 179 | 148 | 193 | 0.10 0.22
Triton 073 | 197 | 0.01 | 0.05 - - 0.01L | 0.02 | 0.02 | 0.08 | 0.15 0.34
Lobster 0.00 | 0.00 | 0.03 | 0.08 - - 0.05 | 0.07 | 0.00 | 0.00 | 0.00 0.00

053 | 1.03 | 0.00 | 0.00 - - 013 | 005 | 014 | 0.38 | 0.00 0.00

Gu‘lnt el mean SD+ mean SD+ mean SD+ mean SD+ mean SD+ mean SD+
— size class (cm)

<10 cm - - - - - - - - - - - -
10-20 cm - - - - - - - - - - - -
20-30 cm - - - - - - - - - - - -
30-40 cm - - - - - - - - - - - -
40-50 cm - - - - - - - - - - - -

>50 cm - - - - - - - - - - - -
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Averages (£SD) of impact levels and substrate cover
[(-) means no data collected]

Djibouti Egypt Jordan KSA Sudan Yemen
Impacts (%)
mean SD+ mean SD+ mean SD+ mean SD+ mean SD+ mean SD#+

Coral damage: 0.80 | 042 | 000 | 000 | - - | 112 | 014 | 064 | 067 | 083 | 053
Boat/Anchor
Coral damage: 0.00 | 0.00 | 000 | 0.00 | - - | 000 | 000 | 0.00 | 000 | 0.00 | 0.00
Dynamite
gi’;‘z:damage: 090 | 032 | 017 | 032 | - - | 067 | 015 | 084 | 067 | 070 | 0.80
Trash: Fish nets 0.00 | 0.00 | 0.00 | 0.00 - - 030 | 0.39 | 0.00 | 0.00 | 0.00 | 0.00
Trash: General 0.35 | 046 | 0.59 0.76 - - 063 | 042 | 0.23 | 0.33 | 0.05 011
Bleach — Disease mean mean mean mean mean mean

1 0,
Bleaching (% of | ) 012 ; 0.00 0.00 170
coral population)

1 0,
Bleaching (% of | 5, 0.05 - 0.02 0.00 8.80
colony)
Coral disease (%
of coral affected) 0.00 0.00 - 0.00 0.14 0.00
L) VSRR mean SD+ mean SD+ mean SD+ mean SD+ mean SD+ mean SD+
Cover (%)
Hard coral 35.83 | 17.32 | 32.88 | 1590 | 22.28 | 9.56 | 28.06 | 4.51 | 36.08 | 15.40 | 47.01 | 22.64
Soft coral 0.87 175 | 1250 | 8.87 | 1711 | 18.70 | 8.06 8.05 | 10.69 | 8.33 0.00 0.00
E'I;g;e”t indicator | 4 g3 | 632 | 149 | 387 | 006 | 014 | 480 | 450 | 239 | 731 | 100 | 0.95
Sponge 1.28 | 2.27 0.10 0.38 0.11 0.17 1.55 0.92 1.87 355 | 0.25 | 0.56
Other 479 412 0.31 0.59 0.78 0.58 3.63 5.08 1.31 2.23 5.00 5.45

Non-living
Substrate Cover

(%0)
Recently Killed

mean

N ES

coral 188 | 187 | 260 | 402 | 056 | 017 | 0.09 | 0.03 | 070 | 149 | 0.63 | 1.40
Rock 29.69 | 11.87 | 36.42 | 1141 | 2411 | 549 | 3340 | 461 | 3441 | 870 | 2413 | 9.87
Rubble 1396 | 11.75 | 478 | 630 | 528 | 196 | 1079 | 2.32 | 6.83 | 517 | 13.25 | 9.68
Sand 552 | 616 | 892 | 1115 | 2961 | 1148 | 768 | 722 | 415 | 589 | 875 | 8.42
Silt/Clay 125 | 171 | 000 | 000 | 011 | 017 | 193 | 0.9 | 0.00 | 0.00 | 0.00 | 0.00
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APPENDIX 12
The sites surveyed during the 2002 and 2008 regional surveys

Country City / Island / Shore 2002 Survey 2008 Survey

Nuweiba (Ras Shetan — Castle Beach) | —==mmmeem- Done
Dahab (Island — Dive Inn Beach) Done Done
Nabq (Ghargana) Done |  —eeeemmee-
Ras Nosrani (Melina Sinai) | e Done
Ras Nosrani (Ras Gamila) Done |  cemmeeeee-
Ras Nosrani (Ras Bob) [5)0]11- T [—
Ras Mohamed (Visitor Centre) Done |  eeemmeeee-

Egypt Ras Mohamed (Marsa Berika) Done |  —-meeeeee
Ras Mohamed (Anemone City) Done Done
Hurghada (Fanader) Done |  emmemeeee-
Hurghada (Gotta Abu Ramada) Done Done
Safaga (Ras Abou Soma) Done Done
Hamrawin Done |  --eeemeee
Qusier (Marsa Wizr — Mangrove Bay Beach) Done Done
Marsa Alam (Marsa Shaqraa) Done Done

O’Seif (Eastern of O’Seif Protjettyy | —===mmmem- Done

Arkiyai (Reef off Arkyai fishing village) | = -=---mmm-- Done

Wingate SSE Done |  -mmmeeeee-

Sanganeb SSW Done |  -mmmeeeee-
Sudan Sanganeb NNE (0] V- N [ ——

Port-Sudan (Abou Hashish — Reef off Port-Sudan fish

---------- Done

market)

Tawartit (Nemrose wreck) [5)5]11- T [ ——

Suakin (Reef off Suakin Port) Done Done

Tala Tala Saghir (South) Done |  eeeemeeee-

Maskali Island (Light House western reef) Done Done
Maskali Island (Canyon) | - Done
Moucha Islands (Grand Recif — Tombant Nord) Done Done
Moucha Island (South) Done |  —eememeeee
. | Tadjoura Bay (Sable Blanc — Adali west) Done |  -----—--
Djibouti - -
Tadjoura Bay (Sable Blanc — Ras Ali east) Done |  ---eeeee--
Tadjoura Bay (Trois Plages east) Done |  —oeeeeeeo
Tadjoura Bay (Trois Plages west) Done |  —eeeeeeee
Seven Brothers Islands (Grande lle — Japanese Garden) | ---------- Done
Seven Brothers Islands (Ile de I’Est — Chinese Garden) [ = ---------- Done
Somalia | No survey was conducted .| ——— [
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Country

Yemen

City / Island / Shore 2002 Survey 2008 Survey
Tigfash Island Done Done
Jabal Makasar (Six Foot Rocks) Done |  —omeeeeeo
Kamaran Island Done |  —mmeeeeee-
Zugqar Island-N'W (Al-Sheikh Faian) Done | ----------
Zugqar Island-SW Done |  —emmeemeee
Shalatem Island | e Done
Myyunlisland | e Done
Shaqraacoast | e Done
Sikhalsland | e Done
Macrogha Island | e Done
Socotra Island (Roosh Halah) | —=memmmeee Done

KSA

Jordan

Haql Doray e Done
Magna e Done
Duba (Cement Tabouk) | e Done
Al-Wajh (Marsa Zaam) (5011 1- T [ —
Al-Wajh (Raikha Island) Done |  —eememeeee
Al-Wajh (Marduna Island) Done |  eemmmeeee-
Al-Wajh (Sheikh Mirbat Island) Done |  —eeeemmee-
Al-Wajh (Umm Rumda Island) Done | emmmeeeee-
UmmLajj ] e Done
Mastura e Done
Jeddah (Gruglg Tower) Done |  eemmeeeee-
Jeddah (Al-Kharq) Done |  —eeemeee-
Jeddah (Bayatha) Done |  eememeeee-
Jeddah (Big Patch Reef) Done |  ceeeemeeee
Jeddah (Corniche) Done Done
AlLith Done
Assir(Haly | e Done
Farasan Islands (Oshka Island) Done |  eeemmeeee-
Farasan Islands (Al-Baqla Patch Reef) Done |  ---mmeee--
Farasan Islands (Mashkoor Island) Done |  —mmeeeeee
Farasan Islands (Duraka Island) Done |  —omeeeeee
Farasan Islands (Rakda Island) Done |  —eemeeeee
Farasan Islands (Murba Island) Done |  eeeeeeeee-
Farasan Islands (zfaf) | e Done
Farasan Islands (Sumeer Island) Done |  —emeeeeee
Farasan Islands (Ramin Island) Done |  —omeeeeeo
Aqaba (First Bay) Done Done
Agaba (Japanese Garden) Done Done
Agaba (Aquarium) Done Done

100 THE STATUS OF CORAL REEFS IN
THE RED SEA AND GULF OF ADEN: 2009



) agh galisy Ll g (a2 fad ol Aga 8 B) (hgll s fuall o o
CULCAY) Adia g 30 gall Laat! dua 8l aa gow Laa cduila jall ladd) A8) ya g daglial
s e ga g g S0 Al gl 431 gall g gl DA c3n el ) 130 30 Ay gllad
Aobaall g duind) 48) ) Adadll 4y ) palica) g cdlan) (giBal

Al yall Cilald) sua y ad) ga (e AdiSa ASud uaad plaac ) Joall JS e dgd) 7 &
eladi Ciy ) ARy b aladiu) g g paldd) el gl A e gl s giall o
Ao g e A0S sy JS il e J guanl) iags ol 5 9haS (Reef-Check)
JS f ladll Aag pagh anlil Ao il Joe La st g o dodlly ) (s Finual)
Al 4y ) i) 9 Jrgad lad Aoy Axihgl) Alaald) Cie) ol g Aadid) BeliS (saa9 4l g0
lld g Spnadi S| (3 o aladiul g da ) a8) e (e Si 230 zlad) (Say i gl gl )
Ailia dalial) ClilCay) g5 pall ik

O O gienn I8 (5 giag O Sy Al sall ladl) Alla daglia g 481 yal JiaY) grald ol
b g aadicn " Lualil) da " aBlga e BB 2ae J V) (5 giaall B 1aa )
Gkl &l U (ladas S Aaluads zilil £ gig aS arand Lgad aly) a4l 53 gal) Ajlle
Cra Sl ase JBY ¢ giwall g (English et al. (1997) J &) 3k Jala 8 59 sall
Reef-) s oy ; &y b fia 14in3 J8 0 5 (35 Lo ptiiiy 1 el s 11 2 g
B s 1 £1 531 9 Ji) gall granal (5ol Sy Sl Aggd) Jals s giaug (Check
ludad 1 kg Any e Gk o g giad Ally Gkl Al JS e A aal) Al
Laa gkl dalial) 5 pdd) g ClilSadl ks b gl Jaall (8 8 gatiiey o oSay Sy
el

gaiaall A Ll Lasad Crasa g cisef 88 Meluil Ciy )" da gl A8k o Aldal ) s
plBY) Jga B Adeal) il g Al (Sa 13 (Al el Qladl) da) Jlesi
& sl Jaall B adiaall cpe AGlAL]) Cldl &8N AAY) Cillaaad) a8 3 (e BaliILY)
a1 Al g axe Bl (S el g Al jall ladil] ) ja g dnglial 4y ) gal) RSl
Jaall 38 ag oSay Sy ALl Gl Jand (gd BomS B gy Mgl
Anjall) b gl Jaadl (38 OB ale y | b gl A8) jall gald y SlabiaY Uk e gkl
Al " Aualil) aa NI 2Bl ga B da ) Aladdl S 5 Gl lgiSa (Araw )l cigall
o mhll Ga Sl a8 plsw Gl dAaliall Agibgll 5 pddly CLNSY! Waad
W Faall

Ofialall Al gall gmal )y i sl (B adBY) (e Ofialy AS L digd) a8 ()
oA LAl (g piad pdipaS jlaal) slua 5ol s Aa s gl ) 5oaUS Aaliay (uinal)
Al yal) laldl (el

G pad Al Ll Al ally inall A g ) jlaal) g sl i) le Aisg) Jartp pigs

prancl dganl 0 Ung | hgll g gl oGS LEal) gkl g fad) SIS g 08y
el glad) ng Il ) ABLGYL A& jad) Adll duile g 48) ja gral s (Baakaig )
AuaslBy) Claglaall 3S5a B glill) JS zled)g Baaly dpaill) 4GS A Al o) 481 pal)
Ssary oald) g il gl Con isal) o Basga S das) da B i 53015 Al
sl o Ay el Al Al anll da b anyy oAy el Al Al Ge Ay 40
J93 (B Gsmal) Sile) ja) g Sl I AN NAS) BeliS g pughl ) 53 9aw Laa ¢ Jgall g panldy)

22

A

in



S Ju Laa 2002 ple A 51 2008 e B maal) A ¢) g dua ) 23) g (1 %94
%90 (a1 39SEuY) $UEA) Jianl a3 B9 138 Arsandy odma AhESY Buad ABUS 350
2001-1997 ¥4 salghl- saigh haaal) dhaia & sa )l 081 ga (1

iga pdlas) B89 i il {(Diadema) g)a geall ALy ghall ) g1 93 Al JAB o
s A Galdad) sl el (il pall Gladl) Adhaia B Ay JSLE. 353 90 b
(o Al o Laa JB 212 lli 0152002 2 4ule S Las 2008 (A ¢ e el
2000 ple DU (sl saigll aal) bk

Abldy 2 g ABUS Jad p pdige 0l 58y plad sdlg (Triton) Qs Al fas e
Cghl By Ay ey CialS AaladiuY Al el Gladll o (e jlaall sty wae
e gl 2008 ale DA £l g dall 281 sa (o %90 Ga Jlaall Gl plS) aitidl)
(2 ) i Jaa a5 a8 jlaall UM CASS auandg dus 3929 Ao Ju Laa <2002
2001-1997 Ba salgll- saigl haal) dihaia B aa ) 28) 4a

alaiiy da gd Rél.’is..,. hﬁﬁ e sdlac) EJ&J Pre i L5‘.m.,9 ;(Tridacna] radl laa e
A5 dland G2l gaY i #1388 daladia Ala jall Qladl) o Cra el asend g dua
8 g 2 1) a8 ga o %T0 B laall dlld A g5 i) Cyelal a8 g (A ey CiaIS gl
Jgh) &5 Y gk a2 o BB 35ea ) Jlaall (1S9 2002 ple 51 2008 ple NS
o) adlga A doi dae dBUS ol a3 8900 Lgaiaad cpibuall o caay )
2001-1997 JM& salgd)- saigd) Jaaall dikaiay

dalgh AU Jag y yhpe sdlael 54y bad Ay (Sea-cucumber) sadl LS e
Gla e 2008 B3 S e ) Jaaad a3 <5 g #1388 0 el auanty dua dhal
plaal) JUall (usSay ) (Sas La 98 5 «(aul0 (e JB) Jiual alaaly (819 02002 SN
ddhia B syl a8l ga alire cuilsy Al il awall daudi ¢l geadl &Y e B asl)
2001 ale YA all LA G Lalad A salgdl- saigh) Jaaal)

ladll Jaldi jaxi ) 5233 89 «(Crown-of-Thorns) Ssddl zlll 53 jadl and e
a «(outbreak) 4 & il Jaaiy) soals (A e odlaei PELE: s ué dsila yall
saely 0815 2002 ale 5 2008 ple JN3 2a )l 231 ga (s %35 B &) gead) @lld Jiad
il baaal) dihaia A S8 slae) Jad a8 jeal) el cogiad Uigad) LalS 54y Yia
2001-1997 BA salgd)

2852002 A e GS L 2008 A clall Glajall Al plsll Jina il ol e
ABS ad) gall Gaany copglal Slg  all Bl ga alina B 9%50-%10 yais sUadl)
Cra @l ga 7 52008 DA 36 Jual (00 g1 30 4 B %T0-%50 sk S8 plad
ot lall Gl sall al) pladl) (e Alilas CV e Junadi a3 By 2002 PIA 52 Jeal
2001-1997 J3a sl s2igd) Jaiaal) Alhale; 1 i1 28) 3

haa 35 gs bl pdie aa) 65 Jana plny ANl g dpdaad) ZOY) e Al ekl e
Al ad) pladll 8 lala Laalids) auiliil) <pgdil « o) slua ) dsdiall 73S L e
53 ged pall iliill Wik g 2002 ale P aAdiad o Lee 2008 ple DA Gkl
zld g saa¥) ol dihale G callal) e AT (bl 3 calladall Glli aa) g5 S anal
Oa ATl G980 O Sy Agdie 3l 2 38 8 e gl gl A el B G el (e
Slha aall G pally &llS ¢ ol sl ) Astial) 733U G e jalas

sk Cladal Ladi can Clplals il a8y Al Glua gl Gy dllia

Cilpl )y sulea andli B aalude Al g ke jal) Giladdl 4 480 sl g dnglial) Cie) )

Cila gill Ali jadliiy | iyl bl G giaadl o LS 25 Al dlaallg ¢ guall
P o



Ofar celld ) ALYl il jall Lgda g As Bl Sl (e d al) Uil (o a8 andl
ladll 5 caa g dalad) il igall £ o e Adlida Cila gl asand el Al b JNA (e
ot G pall Gl sall dgaS g cCuall Cla jall g g (dilial) Clilial) dsaS Jia gy

mBY) Joh o Al jall Qledll Al dagliall g 481 sall Jlee§ 4 ) palu) Cidga g
Oa pdga JS Auliadl Ay A das) a0 (Alitional) o) 43 jlha 48409 Ja¥) Algh dad B
L3 g9 ((Google-earth) Sl — Jass s spliddalyg Casa AN da ) a8l ga
LA a5 By Ay sudad¥) & el dadlal) Jail A g cAd )l ey ((GPS) Al iad) adsal)
i A bty Flaall Jaad) ol il A ol Jo aBga JS yaad dauay 483 5aa
bl Jand) 3 8 plae pa ) glilly g

(b L g Ciags il g (adga 52) 2002 plal panlBy) gresall gl Jpani g dap) s o
b ghil) ol dpaaf a5 (2B 54 36) 2008 plal (el grasal) gilily gl jial ALIE 5 ) gua
iy )" psall ABy ok Gk 3 2006 s DA Saa A Jeal) sl anad Aglaa
e ol A jBa oSal dgle g gl Judat ABy gl 138 5 LIS g £ g Jasay Mteluds
Al dajll gl el gl s Ay UML) 6 3529 1l 2008 9 2002
cliilsl) 48U g dlae aladiuly (One-way ANOVA) 4bgalall < paiall JLG3) ¢ o)
a3 81 (p=0.05) mBY) s s Ao D) ) Mol mill) paad s 8 g sall

) sy Guball A gl JOlly ey adsa JS) lualill bl Al (3 ) &5 258
Al jall qladd)
dalia) itiil) g Gae ;,ﬁsj,u?! Jagtﬁ&}gmc..u@us&sﬁ:agﬁdm

1Y) (A rral) gl Cuadli By allall (e (5 AT (3hlia (e AliLaal) g

dal ¢ Edl:ﬁg sy jdisa Walae| 5‘)53 Pre N U:"“J s[Butterﬂyﬁs]]) Lﬁ\ﬂ'l Slawl o
OGSl 2002 (A e 2008 (A Adudls 50 Lalae ) @il (AL 3 dlanl sua Al
bkl A silgdl- s aigdl Jaaall ddlaia B o Al Lgaliia e JBI LS SlacY) ola
.2001-1997

hi g jdge alas] 58 s oy «(Haemulidae-sweetlips) (csaal) Aol o
2 Agaliia Walae) cils ol ally gl aall bagid aladiol sall ddaddY aa) o5 ABUS,
Wilia G G ol s slaed) dli o<1y 2002 9 2008 Sl gesa (o S
2001-1997 P& sdgll- s aigh Jaaall Allaia 52 e jall

by jdise Walae 58y siad Allg Yk au30 e SY) (Grouper) JEs) dlaci o
il all g aall bagid aladialy Giledll ghlia Ga il suall AaisY aa) g5 4SS,
Laa of cuils sact dlli o<1y 2002 2 4ic 2008 2 uib Laldas) alae| & el
P oM A Laa (il 2001-1997 P salgll- saigl) Jaaal) dihia B saa A
B8N udl 8 Lag8 yeal) jall)

) g8 ABUSy Jasi y pdige I B89 iad Allg «(Snapper) Olaue - ould el e
P il Lalids) Wwalae] @yghl cedd) ghlia (e o dlly LAl auall dhddy
Al taa Adle daed) ol miy 2002 B ooda a3 e 2008 B il gl
2001-1997 P& galgll- saigh Jaaall dbhia 8 oda

) g8 ABUS ad  pdisa Aae] 5 B a3 Al g ((Parrotfish) sl - sl dlaud o
Agliia Lsae | colS (il pall Gladll Jo 4 ) Qlladal) gal saa g amal) dbdsy
& Bagaall Lgilia aa dael) Al Gl 20029 2008 Sl ges (o NS B
2001-1997 & (sagd)- s aigd) Jasaal) Aaia

tual dal g ABES dad y ydige odlasi 58 et sMlg «(Lobster) |jsShal-2S S o
B 15550y G s sl Jaad A ol cpladd) dBhaia o e ) gSELSU asandg



:_G'F'tan g -! n

e Al gia) g dg aad) clinl) B sl g gl oo mald g peall) jand) aulh) Saay
By wlBY) Laali B4 ) 00 ) gal Apibiay) g Ao lainy) dradllly By b 4 g S
Py sl agie ) s o Bajhadan g Aey e Alalu Ay gall diagd aiBY) agd
Gl 5,8 Galidd)y dudaludly 4 paal) clinll )easi dagill dli Cuala (ghliall (o
alBY) g8 o Y Adalad) Cilaaiaall Adimall Jom 3 63l 01 ga daliiad) Jo il
Ay o Abdlaall 4 lBy) digl) pLaiL cualdy clind) oda o Bliad) g 4jlaal) il
Aabgll dggal) Gai B Aigll daga JS,a0 Mawp" G @ldy jaall sl
gl aiin) Aalrin g Agadal) 3 ) gal) o ALl anlh) jUs) A AdadaY g ol jabaall g

lsall o Sl Bl g AB e B € ki (38a% a3 Cuudlal) Cpalall JNA
) e ) b Cuanlu Lganan o 0B guilill) (e S lligd By 8 Adalidl g 4y el
A gl Al o Blall da U0 plail) MAS) A ) 8l sddka Baslual 4id )l g dale
Agdalud) 5

A0 Ay malipll Jae 58 sl duluald) clinll 48) pa gal g das) A
Al g oAy pllaal) ilill) asand sl dud) pesall s Gulall) 53k aa gl dlldg ((SAP)
Ao ol 3] alla) e o AT (Bhlie A Ll B aa aaliy) A cilind) el da) ) A
A e Gmibgll Guawadliall qudig auldY) B ) meall Baaga 3okl Jula dlae)
By Al Cla guall 8 Lgasand ol Al gl 45 )l8e AilSa) g 4B Cladal (3 k)
Ay yal) Gladl) cilind Adia Cla gsa i g sliaeY) Joall aa cyglail) 8 Aipgll Cians
Bas gall zasall (3 sk Cuariin) By 200852002 (oale JHA Alig aldY) Ja) g Jsha e
Gladl) adlga (o 238 4aaT a5 (2008) LAY geall S (Sla gusal) Gl 6] o) Aie
Al pal) Glacill A8 a9 3y 1) gal dpasld) Al ¢ 9<il aalBY) Joba o il jal)

aB5a 36 JLER) g aad ol Cua 2008 plad By zreal) gl N () e
#) il g Aigll 18 Ga GuSall Jardl (38 Al g wlBY) Job o Al e Glad
3 tmaa (28 hgm (A5 A mlBY) g B @Bigall Ui gty (bl
die dpulal @ e ) aay JAY) a3 M8 el A7 ¢Olagaad) B 4 dagaid) B9 e )
pda Culedaiy  Jalall B AB) ) Jleei Aaldicd AglSel Cladal ad)gal) Al jad)
Craly (3l il jlie) (dadlll Cla gusall DA 231 gall @i ) J gua sl A gg 1l s )
iy ol il aiay) ey B Y a0 addally g ¢ lasal) Jaal) ol (58N sliac olal g
Adga s u& daliall cluilay) g

44yl 8 g iladll i) gowal) 48y b aladiag a3 2008 8 el aal) JMA
Jalali 8 dugl) cha Badaall g Ll g3 Lgale L jlaial) zasal) (3ph saa) A g «MMeladl iy )
iy aa¥) ) aulBY A el Al A dsewis) £1eV g Jilgall graal (sl )
O e ABUS g a6 gaa (8 Jaldig ppms anill laad Cuagy A8, jhal) Al Ceanay Mo
S Ju digaS addiny o S alas] g Laa) g ol g aall il JUE) 5 lland) £) il
Lag) 45 phal) @l Jaaty  lgy Ban gial) (ghliall 2@ sual) ABUS oaa o o) Gladdl daa



i deSa lin b one mlig seal) el Ay e Alailadll e lay) Al
Y (A el s Adaldl i) e dddlaall

Gre glag el el Ay o Asdlaall dya8Y) A8SY1 (he 48 A Lgiaeld Al aaiuss
| e Bas At (ge 24T Cum (21390 udinn (85 alall (8 AL o] w3 385 (o) 9AY)
¢ paan e suall (0la sl A sraall ¢ Sgn (V) G JS Ll pume (8 Agl) i L
Ol g

400 gad) Ay jal) ASLaal)l YYOAY 3aa oYY G La Al o) gic
(FATTY) MoV 0) 18l (#9377 Y) ToVYYYE 10 5al

persga@persga.org & s Sl A

http://www.persga.org s s Sl a8 50

Al Aiglly Ay i Cliasall g o sl gl £ sin) gralipd anlBY) Buial) cuad aaa 3 7 AN 038 o
u&@h‘gﬁ\li)@\@g&sz\kﬁw

© 2010 PERSGA

e s Aqgaila’ (yal He Y Gl g (Y (e JSE 6L L a ol LIS QG5 0 o2 L) Bale) Sy

ALY 8 y3a 53 SLE LaailBY) gl §5SE Cogus ARG Haaa (o 4p gl o byl )
il glaall jalias (ja HuaeS 488 gl 008 (e At de gadas (4l

Al A et al yel Y ol s AT 5 e Lo ol Lig i) e 55 ol A5l o3a iy ansy Y
A8 Ll (e 588 5 (Brse pand 5 (50

M gl e 28 a3 ) 8 LEY) S 1 sl el 2
This publication may be cited as:

PERSGA. 2010. The Status of Coral Reefs in the Red Sea and Gulf of Aden: 2009. PERSGA Technical
Series Number 16, PERSGA, Jeddah.

THE STATUS OF CORAL REEFS IN
THE RED SEA AND GULF OF ADEN: 2009

105



PERSGA

Gy &\JAJJMY‘JA-\J‘L&JU-IQ ddadlaall dauty) disgl)

Lo sl el 1) g s
O pali g saal) el o

dalad) il _)aa) Aldus

22010 Ll b (16) A3,



PERSGA

dolall sl ,lsall dlule

#2010 i nb (16) A4
Agila sall ciladdl ) 1 g gl
O mld g sal) e A



