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�EXECUTIVE SUMMARY



Situated at the meeting point of the Red Sea and the Gulf of Aden, with oceanographic influences from the Indian Ocean, Red Sea and the Arabian Sea, the Republic of Djibouti boasts a diverse and unique marine flora and fauna.  As part of the country’s commitments to biodiversity conservation as a signatory to Agenda 21 at the Rio UNCED conference in 1992, the Government of Djibouti is undertaking a National Biodiversity Assessment leading to the formulation of a Biodiversity Conservation Strategy, assisted by UNDP and IUCN.  This mission was commissioned through IUCN to conduct biodiversity surveys to contribute to this process in the marine environment.



Biodiversity surveys, principally of Djibouti’s coral reef environments were carried out at 21 sites between November 23 and December 2 1998, covering the Gulf of Tadjourah, the Musha and Maskali islands, and the Sept Frères Islands in the north.



On the whole, coral reefs in Djibouti, and the marine environment in general, appear to be in a healthy state.  The majority of the reefs surveyed had similar and high levels of biodiversity for both corals and fish, and community structure typical of healthy coral reefs.  Both corals and fish showed similar patterns of biodiversity characterized by high levels of diversity on most reefs studied, with corals showing a high proportion (40%) of rare species observed at only one or two sites.  



At the confluence of three biogeographic zones, Djibouti, along with other sites in the Gulf of Aden, bears a unique assemblage of coral reef species, deserving of global conservation status.  Ecologically, the confluence of warm-water tropical biota (from the Indian Ocean and Red Sea), with cold water upwelling habitats (from the Somali and Arabian regions) was most dramatic at the Sept Frères Islands, resembleing marine conditions seen in only a few other parts of the world, notably the Galapagos Islands, and perhaps the islands off the northwest coast of Australia.



Degradation of reefs appears to be principally correlated with tourism effects such as the breakage and collection of corals and shells, and anchor damage. While it is the principal threat to Djibouti’s reefs, tourism can also provide the principal means for sustaining conservation efforts through economic valuation of protection and revenue generation.  Other human-linked threats to coral reefs are present but not presently significant: pollution, sedimentation and crown of thorns (Acanthaster planci) starfish.  The exploitation of fish is still at low levels, though with the current policy of increasing production, may rapidly approach limiting levels.  



In terms of effective conservation of biodiversity, therefore, these findings suggest that it is not too late to protect the full range of biodiversity in Djibouti’s marine environment.  Indeed, the intact state of Djibouti’s reefs provides a rare opportunity in tropical, developing country, and is particularly important given the biogeographic uniqueness of the area.



Recommendations for Djibouti’s National Biodiversity Strategy for the marine environment are grouped under 5 principal categories: 1) establishment of Marine Protected Areas, 2) management needs for biodiversity protection in MPAs, 3) aspects relating to fisheries and exploitation of biological resources, 4) national capacity building to undertake marine monitoring and research, and 5) development of a multisectoral approach to marine conservation.  Recommendations in each of these areas are summarized below.  Within each of these areas, steps for immediate action are proposed, in addition to the more comprehensive recommendations relating to national policy and strategies for conservation.



Marine Protected Areas – establishment of different protection categories for implementation in selected key areas is one of the most effective techniques for coral reef, and tropical marine environmental conservation.  Core zones with full protection from exploitation, surrounded by limited use management areas are generally most effective.  The key sites proposed for protective management are: 1) The Sept Frères Islands, due to their unique combination of warm- and cold-water environments and high vulnerability, 2) Musha and Maskali  islands and their surrounding banks and reefs, as a single multiple-use area zoned and managed in an integrated fashion, 3) Ouaramous Island as the core protection zone for an Integrated Coastal Area Management (ICAM) project covering Djibouti town and the coastline to the Somali border, and 4) three to five additional sites in the Gulf of Tadjourah, Ghoubet al Kharab and northern continental coast, with management objectives specifically targeted according to site characteristics and use.  An example for how public-private sector participation can be used to drive conservation and protected area management is outlined for the Sable Blanc beach and tourist area.

Immediate actions:	– enforce existing Musha/Maskali protected area regulations.

		– adopt PERSGA proposals for protection of Sept Frères Islands, begin steps to develop protection guidelines and rules for users.



Management for conservation of biodiversity must be developed along financially sustainable lines, requiring the establishment of revenue generating mechanisms and cost-sharing between government and the private sector.  Three practical approaches to consider include: 1) Tourism-based management as a central feature of MPA design and structure, 2) private-public sector participation and cooperation in management, and 3) revenue generation through initiation of a fee-paying structure for MPA visitation.

Immediate actions:	– establish mooring buoys at tourist visitation sites.

			– public education and awareness – brochures, school programs, radio/TV.



Worldwide, fisheries pose one of the most serious threats to coral reefs.  While Djibouti’s fisheries do not currently pose a significant threat to reefs nationally, strategies for integrating fisheries stock conservation with biodiversity conservation should be developed as soon as possible to safeguard future resources and productivity. Two main areas of consideration are critical: a) the definition of the optimum tradeoff and balance point between sustainable fisheries yield and conservation goals, and b) the establishment of fisheries catch monitoring systems coordinated with in-water monitoring of fish stocks and habitat health.

Immediate actions:	– initiate participatory mapping and monitoring with long time fishermen and instruction to trainee fishermen.



Monitoring of the health and status of the marine environment is necessary to implement scientifically sound conservation programmes.  Capacity building of trained personnel and funds dedicated to annual monitoring should be built into the Biodiversity Conservation Strategy.  Training would be best undertaken in Djibouti, through a series of short courses covering specific topics identified to be lacking.  Existing researchers and technicians from the various relevant government agencies and even the private sector should form the core of the marine monitoring team.

Immediate actions:	– establish timetable and financing to extend monitoring by counterparts trained in this mission to un-surveyed sites.

	– increase links between monitoring staff and local diving groups to improve diving abilities and survey dive sites.



A multi-sectoral approach is necessary to ensure biodiversity conservation in the marine environment, with participation from resource management, scientific, legislative, tourism and enforcement arms of the government.  Mechanisms for direct participation of the private sector in policy and planning are also necessary.  Multisectoral coordination may be achieved through  a) each agency should assuming specific roles based on their function, b) preparing memoranda of understanding outlining the modalities of cooperation, and c) instituting a coordination committee with representation from each department, and a revolving chairmanship.



Biodiversity conservation is necessarily a long term undertaking and the ultimate objective behind the conservation of nature.  However other justifications for conservation, based on growing pressures among resource use types can provide short term and more practical goals for conservation.  This report essentially calls for the identification of short term and pragmatic objectives and mechanisms for conservation that are consistent with the long term goal of biodiversity conservation.  Immediate implementation of early steps for conservation can be started while the full Biodiversity Conservation Strategy is under development. Much experience has been gained in other countries of the Red Sea and Indian Ocean in the success or failure of various conservation options in a variety of contexts similar to those found in Djibouti, providing a wealth of resources to contribute to Djibouti’s efforts to develop its National Biodiversity Conservation Strategy.
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1	INTRODUCTION



1.1	The marine environment of Djibouti



Djibouti is located at the meeting point of the Red Sea and the Gulf of Aden, where the Great Rift Valley enters the sea, at a latitude of approximately 11oN (Figure 1).  The complex of oceanographic and geological features here produces a unique combination of marine environments in a relatively small area.  These include:



tropical ocean waters from the Red Sea and the Indian Ocean,

cool upwelled waters from the Somali and Arabian Sea upwelling systems,

predominantly steep coastlines of lava (granitic) rock, 

influence of the Indian Ocean monsoon system on local currents (Figure 2) and climate, and

low rainfall.



The Djibouti coastal marine environment has been described as comprising 3 sections (Moal and Grateau 1967, CNE 1992):



the southern coastal stretch from the Somali border to west of Djibouti town at Khor Ambado, characterized by sandy plains extending into the sea resulting in large expanses of sand flats and shallow lagoons,

the Gulf of Tadjourah, extending from Khor Ambado to Ras Bir in the north, characterized by steep volcanic slopes with limited areas of coastal plain and sandy beach,

the northern coastal stretch from Ras Bir to the Eritrean border, also characterized by a lower relief and greater expanse of shallow sandy banks.



Additionally, there are three isolated geo-physical units, made up of the two principal island systems, and the nearly-isolated end of the Gulf of Tadjourah:



Iles Musha and Maskali, low coral rock and sandy islands north of Djibouti town, part of the southern coastal zone, and similar in structure to the Saad ed Din islands off Zeila Town in Somaliland (IUCN 97),

The Iles Sept Frères, eroded volcanic islands off the northern coast of Djibouti, south of the strait of Bab el Mandeb, and

a unique feature at the end of the Fulf of Tadjourah, the Ghoubet al Kharab, is almost pinched off from the Gulf of Tadjourah by a narrow neck with two passes of 2 and 13 m deep, isolating the waters of the Ghoubet from those of the Gulf.



These various geological, oceanographic and climatic factors combine to produce a diverse array of habitat types in Djibouti’s coastal waters, and thereby also a unique mix of marine species and assemblages.  These influences have a profound effect on ecosystem functioning in the three major zones and the three isolated units, which must be considered in a comprehensive strategy for protection and conservation of Djibouti’s marine biodiversity.

 

This report is intended to build on previous strategic planning documents prepared for Djibouti’s marine environment (CNE 1991, 1992). Introductory and summary remarks describing Djibouti’s climate and general features of it’s flora and fauna have therefore been omitted for brevity.  This report focuses on 1) the results of coral reef surveys carried out from November 22 to December 2 1998, 2) interpretation of biogeographic and biodiversity patterns revealed by survey data in light of the principal geographical/oceanographic divisions mentioned above, and 3) consideration of the threats to them by man.



1.2	Previous biological research



Previous biological research on Djibouti’s marine flora and fauna is contained primarily in dispersed project and consultants’ reports, making it difficult to collate all information in one place.  There are no published ecological studies of Djibouti’s coral reefs.  The first published accounts of Djibouti’s reefs are by Gravier from the 1910s, reporting the presence of an abundance of coral reefs and seagrass beds (Gravier 1910a,b,c, 1911).  Since then primarily descriptive work has been done on molluscs (Robin 1972, Coulombel 1994), fish (Bouhlel 1988) and marine mammals (Robineau and Rose 1982, 1984).  Various consultancy reports on specific issues add to the grey literatures, covering topics such as Eucheuma algal culture (FAO 1982), Acanthaster planci infestations (Pichon 1989), fisheries development (Allain 1974, ISTPM 1973, Kunzel et. al. 1996), aquarium fisheries (Barrat and Medley 1988), and coral reef fish surveys (Barrat and Medley 1988, Hunting Aquatic Resources 1998). 



1.3	Existing conservation measures and legal provisions



The islands of Musha and Maskali, and their surrounding coral reef platforms comprise the only marine protected areas in Djibouti.  Designated in 1972 as the “Parc Territorial de Musha” and in 1980 as the “Reserve Integrale de Maskali sud”, the two areas include limited portions of the coral reef platforms along with the adjacent island coastlines (Figure 3).  Following independence, responsibility for management of the areas was placed with both the tourism agency ONTA and the research agency ISERST, however neither undertakes active management (CNE 1992).  In practice, ONTA currently sends a boat with ‘rangers’ to patrol the reefs on the weekends but with little powers of enforcement.  



Protection within the protected areas is supposed to prevent all extractive utilization except for “artisanal fishing”, which is defined as fishing using traditional techniques on trips not longer than a day or two.  The islands and reefs within and outside of the reserves are used extensively for weekend recreation, including picnicking, swimming, snorkelling, diving, water-skiing, and camping.  Nevertheless, apart from raising funds from concessions for houses and some tourist operations, no fees are levied on individual users.



Djibouti has a number of conservation-oriented laws for terrestrial and marine fauna and flora (see Appendix 8.2, from CNE 1992), however none of the laws are backed up by enforcement.



1.4	Development of a Biodiversity Strategy



The Department of the Environment of the Government of Djibouti, following commitments made at the UNCED conference in Rio in 1992, is mandated with preparing a National Biodiversity Strategy and Action Plan.  The process builds on a National Environment Plan (CNE 1992) which outlines the ecological resources, development projections, and environmental problems facing the country.  The exercise is proceeding with financial and technical assistance from UNDP and IUCN.  This consultancy is intended to provide the information required to develop the marine component of the National Biodiversity Assessment and Biodiversity Conservation Strategy.



2.	OBJECTIVES



Objectives of the mission are defined by the following paragraph from the Consultants Terms of Reference (Appendix 8.1): 



… will help contribute to knowledge of Djibouti’s marine environment, which will form part of the National Biodiversity Assessment, determine the conservation value, ecological health of and threats to the sites surveyed, and where appropriate help formulate recommendations for their protection.



Given the short time available, rapid assessment methods were used to provide the following classes of information to indicate levels of biodiversity, ecological health, and impact of threats: 



coral reef benthic community structure and status;

coral species diversity and distributions;

presence of indicator invertebrates species;

fish species presence; and

some general comments on larger marine vertebrate diversity, mangrove conservation, and the marine curio trade.



These variables are used to infer conservation value, potential for success in conservation, and together with background information on resource use, infrastructure and “local conservation will”, to propose practical conservation options.





3.	METHODS AND TRIP ITINERARY



3.1	Itinerary



The consultancy consisted basically of a series of underwater coral reef surveys, following the itinerary in Table 1.  The terminology regarding ‘sites’ vs. ‘areas’ is important as it will be discussed at a later stage: each of the sampled sites was on the order of 50 - 200 m in extent.  Several of these may have been recorded in the same area (e.g. Arta Plage, Musha island), on the order of 1 – 3 km apart. The sites and areas were distributed among four basic regions listed in the table.



3.2	National partners



The consultancy was undertaken through the Department of the Environment, Government of Djibouti, with technical assistance and coordination provided by IUCN.  Counterparts were provided from other government departments with marine research and conservation interests (Table 2), to assist with the consultancy and undergo training in the coral reef monitoring methods.



Table 1: Trip itinerary.

Date�Region�Site�Latitude (N)�Longitude (E)�Comments��22-Nov�Tadjourah S�Khor Ambado�11.59308�43.02065�fringing reef at beach��23-Nov�Tadjourah S�Arta Plage W�11.58322�42.82455�fringing reef on lava rock��23-Nov�Tadjourah S�Arta Plage E�11.58552�42.82793�fringing reef and slope��24-Nov�Musha/Maskali�Musha 1�11.70495�43.21765�reef platform��24-Nov�Musha/Maskali�Musha 2�11.70382�43.21882�reef edge��24-Nov�Musha/Maskali�Musha S�11.70418�43.19637�patch reef��25-Nov�Sept Frères�I. Est�12.44892�43.44045�Eastern tip of island��25-Nov�Sept Frères�I. Sud�12.44565�43.45038�Western end of island��26-Nov�Sept Frères�I. Double�12.46363�43.38938�Eastern tip of island��26-Nov�Sept Frères�I. Grande�12.46453�43.43683�Eastern tip of island��27-Nov�Sept Frères�I. Basse�12.45957�43.41130�Camp site��28-Nov�Musha/Maskali�Maskali S�11.74372�43.16860�patch reef��28-Nov�Musha/Maskali�Maskali Lighthouse�11.70848�43.15042�reef edge S. of Lighthouse��28-Nov�Musha/Maskali�Maskali buoy�11.69512�43.14733�reef edge, North of Maskali��29-Nov�Tadjourah N�Tadjourah�-�-�reef edge��29-Nov�Tadjourah N�Sable Blanc�11.77840�42.92585�fringing reef at beach��30-Nov�Tadjourah N�Ras Duan�11.78843�42.96727�reef edge and slope��1-Dec�Musha/Maskali�Musha N�11.73405�43.22563�patch reef��2-Dec�Tadjourah S�Trois Plages�11.59495�42.95302�fringing reef and edge��2-Dec�Tadjourah S�Khor Ambado�-�-�submerged reef bank��2-Dec�Tadjourah S�Banc d’Ambouli�11.60853�43.10790�patch reef on W. side of port��



Table 2: Counterparts and other Djiboutian personnel involved in the mission.

Supervising capacity����Mr. Mohammed Ali Moumin�Directeur de l’Environment�Departement de l’Environment��Mr. Omar Habib�Point Technique Focal�Departement de l’Environment��Dr. Chris Magin�Conseiller Technique Principal�UICN������Counterparts/trainees����Mr. Mahamoud Houssein Warsama�Technicien�Institut Superieur d’Etudes de Recherches Scientifiques et Techniques (ISERST)��Mr. Nasser Djama Abdi�Administrateur�Direction des Affaires Maritimes������Boats and diving assistance����Mr. Said Omar Bourek�Pilote�Office Nationale du Tourisme de l’Artisanale��Mr. Hussein Mohammed Ahmed�Co-Pilote�Office Nationale du Tourisme de l’Artisanale������Interviews����Mr. Ahmed Darar Djibril�Chef de Service Peches�Service de l’Elevage et des Peches��Mr. Nabil Mohammed�Chef du Department Sciences de la Vie�Institut Superieur d’Etudes de Recherches Scientifiques et Techniques (ISERST)��Mr. Mohammed Abdillahi�Chef du Service Promotion de Tourisme�Office Nationale du Tourisme et de l’Artisanat��

3.3	Coral reef surveys



Data was collected by snorkeling in water < 5 m depth, and by SCUBA for depths > 5 m.  Circles covering 100 m2, marked by a radial line of 5.6 m, were used as the basis for estimation, in which estimates were made of the percent cover of 3 types of bottom substrate and six types of living cover (Table 3).  Broad 10 percentile ranges (i.e. 10%, 30%, 90%, etc.) were used, with additional categories for low-cover presence indicated by categories of 1% and 5%.  The principal objective of the method is to sample large areas of the bottom rapidly rather than obtain detailed measurements of small areas as provided by line transect and quadrat techniques.  Background to the method is provided in Horrill (1996), UNEP (1997), and Obura et al. (1998), and a detailed description of the methodology used here is provided in Appendix 8.3.  



Table 3: bottom substrate and living cover categories used.

Class�Field ID��Bottom Substrate���Hard rock�hard bottom��Rubble�loose to the touch��Sand�sand, 1 cm or more cm deep.��Living Cover���Hard Corals�Scleractinian corals��Soft Corals�Octocorals and other non-scleractinian cnidarians��Invertebrates�Sessile invertebrates - e.g. soft corals, sponges, anemones, etc.��Fleshy algae�'Macro- algae, including Halimeda with visible fronds, identifiable to genus level��Turf algae�Short algal filaments like a grassy turf - can be thin or relatively thick��Coralline algae�Encrusting coralline algae of varying colours - pink, brown, green, etc.��Seagrass�Seagrass��

Species inventories were also built up of three main groups:

Corals –site-specific species lists based on swimming searches around the base circles, recording the incidence of new species in successive 5 minute intervals.

Mobile invertebrates – species and density records of large mobile invertebrates found within the benthic circles.

Fish – species lists recording presence within a region were made (see later discussion for extent of each ‘region’).



Data collection was divided among the consultant and local counterparts to enable more rapid surveying of each site (Table 4).



Table 4: survey responsibilities.

�Counterparts�Consultant��Benthic cover surveys�Yes�Training and ongoing verification��Mobile invertebrates�Yes�Training only��Coral species��Yes��Fish species��Yes��Sept Frères

3.4	Training in coral reefs surveys



Training and evaluation, for the benthic cover and mobile invertebrate methods, were carried out on a continuous basis.  Counterparts were introduced to the survey methods by practice, in the water.  The data collected was used to assess the transferability of the methodology.  Development of the methodology in other countries of the Indian Ocean followed a more formal course structure (UNEP 1997, Obura et al. 1998), however the small number of counterparts in this project (2), and data gathering objectives of the mission, enabled a less formal approach, with issues of identification and other aspects of the method being discussed as they arose.  Accuracy of data collection by counterparts/trainees was assessed continuously in comparison to the consultant’s estimates of the same benthic circles.



3.5	Other areas



Additional components of the consultancy included a brief assessment of environmental problems affecting mangroves, principally of a stand suffering recent mortality on I. Musha, and to look into the marine curio trade and make suggestions as to its impacts on marine biodiversity.  The frequency of sightings of large vertebrate marine organisms was also noted (e.g. turtles, dolphins, etc.)





4.	RESULTS



4.1	Coral reef surveys



Surveys were undertaken at 21 separate locations along the north and south coasts of the Gulf of Tadjourah, at Musha and Maskali Islands, and at the Sept Frères Islands (Table 1, Figure 1).  Depending on how many observers were present, and the conditions of the dive/snorkel, varying amounts of data were collected, with priority given to benthic cover and coral species diversity.



4.2	Benthic cover and reef health



Benthic cover results are shown in Table 5.  General patterns in reef structure are evident, with Musha/Maskali and Tadjourah S regions having higher amounts of coral rubble than the Sept Frères and Tadjourah N, and correspondingly higher cover of hard substrate at the latter.  Coral cover is not related to the amount of hard versus rubble substrate, with corals being more abundant in the Gulf of Tadjourah than at either of the island regions.  Noticeably, soft corals and sponges were more abundant at the Sept Frères, than in the other regions.  The Sept Frères also had the lowest cover of fleshy and turf algae, and highest cover of coralline algae.



In terms of coral cover, three sites had very low cover of corals (5-10%): Musha N and Musha S, both patch reefs on extensive sandbanks at Musha Island, and Sable Blanc.  The Musha sites were characterized by a high cover of loose rubble, the remnants of previously live staghorn coral.  The cause or age of mortality could not be determined.  Reports from 10 years ago also state the presence of largely dead (> 80% dead coral) patches of reef (Pichon 1989); it is not possible to determine if these were the same patches or not.  Following these sites, Khor Ambado had the next lowest coral cover.





�Table 5: Benthic cover statistics for all survey sites, grouped by region.  The table shows the mean (m) and standard deviation (s) of the cover percentiles estimated.  # = Number of benthic circles recorded at each site.

Region/Site��Substrate������Invertebrates������Algae����������Hard��Rubble��Sand���Coral��Soft coral��Sponges, etc���Fleshy��Turf��Coralline�����#�m�s�m�s�m�s��m�s�m�s�m�s��m�s�m�s�m�s��Sept Frères������������������������Double�5�80�10�10�7�10�7��19�11�9�5�7�7��0�0�46�11�16�9���Est�4�60�18�28�22�13�10��28�5�33�17�0�0��0�0�19�9�14�5���Grande�6�80�15�11�14�9�5��27�10�38�12�3�8��0�0�14�9�8�3���Sud�7�64�20�29�16�7�11��21�13�24�16�4�8��1�2�8�7�21�13���Regional Average –��71��19��10���23��26��4���0��22��14���Musha/Maskali Islands������������������������Maskali Buoy - edge�3�67�6�13�6�20�10��30�10�4�2�4�2��8�3�23�6�13�6���Maskali Buoy - top�1�70��20��10���40��1��5���10��20��10����Maskali Lighthouse�3�60�10�23�15�17�6��23�15�0�0�3�6��27�15�22�8�10�9���Maskali South�3�12�8�85�5�3�3��5�0�2�3�0�0��73�6�8�3�8�3���Musha A�3�47�25�33�25�20�0��50�10�0�0�0�0��10�9�23�12�8�3���Musha B�2�65�7�10�0�25�7��55�7�1�1�1�1��15�7�5�7�8�4���Musha C�3�43�40�8�8�15�22��33�25�0�1�2�3��10�10�30�20�3�3���Musha N�3�20�10�60�26�20�20��9�10�2�3�0�0��20�13�50�20�7�3���Regional Average –��48��32��16���31��1��2���22��23��8���Gulf of Tadjourah, north shore����������������������Ras Duan flat�1�82�8�15�5�3�3��80�5�0�0�0�0��5�0�8�3�3�3���Ras Duan fore�2�60�0�20�14�20�14��25�7�1�1�0�0��23�25�20�14�13�11���Sable Blanc Bch�1�73�17�14�6�14�12��13�12�0�0�0�0��9�3�59�20�6�3���Sable Blanc E�1�68�5�23�5�10�0��28�10�1�1�0�1��2�2�43�10�10�0���Tadjourah�3�77�12�7�3�17�10��57�12�0�0�2�3��0�0�17�6�8�3���Regional Average –��72��16��13���40��0��0���8��29��8���Gulf of Tadjourah, south shore����������������������Ambado Banc�1�30��60��10���40��0��0���0��40��10����Arta A�3�87�6�13�6�2�3��67�6�0�0�0�0��2�3�22�8�10�5���Arta B�4�48�24�29�20�24�8��35�13�3�3�1�0��0�0�28�10�13�5���Djibouti Port�2�50�0�20�0�30�0��40�0�0�0�0�0��0�0�25�7�8�4���Khor Ambado�3�50�10�50�10�0�0��25�5�0�1�0�1��43�12�10�0�20�0���Trois Plage�3�77�12�13�6�10�10��40�0�0�0�0�0��12�8�22�3�18�8���Regional Average –��57��31��13���41��1��0���10��24��13����The cover of fleshy algae was unusually high at Maskali S. and Khor Ambado.  Fleshy algae is indicative of low grazing pressure allowing buildup of high algal biomass, and.or nutrient addition from freshwater sources (natural or manmade) enhancing algal growth.  Other sites with relatively high fleshy algal cover (of over 20%) included Maskali lighthouse, Musha N, and Ras Duan fore reef.



Table 6: Coral condition recorded from 100 m2 benthic circles.  Numbers show the mean (m) and standard deviation (s) of the number of colonies per sample circle showing evidence of Crown of Thorns (COTs) predation, and the percent cover of bleached and recently dead coral.  # = number of benthic circles sampled at each site.

Region/Site��COTs predation�Bleached coral�Dead coral�����(Num. Colonies)��(% cover)��(% cover)�����#�mean�sd�mean�sd�mean�sd��Sept Frères���������I. Double�5�0.0�0.0�2.0�2.7�4.0�8.9���I. Est�4�0.0�0.0�0.0�0.0�0.0�0.0���I. Grande�6�0.0�0.0�0.0�0.0�0.0�0.0���I. Sud�7�0.0�0.0�0.7�1.9�1.4�3.8���Overall�22�0.0��0.7��1.4���Musha/Maskali Islands���������Maskali Buoy - edge�6�1.2�2.9�0.0�0.0�0.0�0.0���Maskali Buoy - top�2�0.0�0.0�0.0�0.0�0.0�0.0���Maskali Lighthouse�9�0.9�2.7�0.0�0.0�0.0�0.0���Maskali South�9�0.3�0.7�0.0�0.0�23.3�35.0���Musha A�5�1.6�2.3�0.0�0.0�0.0�0.0���Musha B�4�1.3�2.5�0.0�0.0�1.3�2.5���Musha C�6�2.0�3.2�0.0�0.0�3.3�5.2���Musha N�3�0.3�0.6�0.0�0.0�36.7�20.8���Overall�44�0.9��0.0��8.1���Gulf of Tadjourah, north shore��������Ras Duan flat�2�0.0�0.0�0.0�0.0�2.5�3.5���Sable Blanc Beach�1�0.0��0.0��0.0����Sable Blanc East�1�0.0��0.0��0.0����Tadjourah�6�0.0�0.0�0.0�0.0�1.8�4.0���Overall�10�0.0��0.0��1.1���Gulf of Tadjourah, south shore��������Ambado Banc�1�0.0��0.0��0.0����Arta Plage A�6�0.3�0.8�0.0�0.0�5.8�8.0���Arta Plage B�5�5.4�4.2�0.0�0.0�10.0�7.1���Banc d’Ambouli�2�0.0�0.0�0.0�0.0�0.5�0.7���Khor Ambado�9�2.8�4.7�0.0�0.0�6.7�10.0���Trois Plage�3�1.3�2.3�0.0�0.0�0.0�0.0��Overall�26�1.6��0.0��3.8���

High soft coral cover is particularly evident at I. Est and I. Grande in the Sept Frères, with correspondingly uniformly low coral cover.  The Sept Frères are unusual coral reef habitats.  The high cover of soft corals and sponges is indicative of the influence of cold upwelled nutrient-rich water on the islands.  The source of this water is likely to be from the Somali and Arabian Sea upwelling, with potential for additional localized upwelling caused by the strong winds and currents onshore at the eastern tips of the islands during this season (Figure 2). 



Three variables were also recorded as indicators of reef health: the density of Crown of Thorns (COTs, Acanthaster planci) starfish, and the percent cover of bleached and newly dead coral (Table 6).  COTs were seen in small numbers at all sites though were much more abundant at Musha and Maskali Islands, and the south shore of the Gulf of Tadjourah.  None were recorded in benthic circles in the Sept Frères, however they were seen at low abundance.  COTs predation did not appear to be high enough to cause significant coral mortality.  This contrasts strongly with findings ten years ago indicating high COTs populations especially at the Sept Frères (Pichon 1989).  At present, COTs seem most concentrated at sites with high visitation by tourists (Musha, Maskali, Khor Ambado and Arta Plage).  While it is not possible to determine the true cause without studies, raised nutrient levels, and the removal of predators of the adult (mollusks) or juveniles (fish and crustaceans) may potentially enhance their abundance (Moran 1986). 



The percent cover of bleached and recently dead coral gives an indication of the extent of environmental stress to the reefs.  Bleaching is a response by corals and their symbiotic algae, zooxanthelle, to environmental stress.  It occurs by expulsion of the zooxanthellae from coral tissue, resulting in the white skeleton becoming visible through the now colourless tissue.  Following bleaching, corals may recover their colour due to repopulation by zooxanthellae if conditions become favourable, but have lower resistance to other stresses and often die.  While a common response to stress, bleached corals are normally seen only in small numbers, at less than 1% of coral colonies in any area.  With global climate change and increasingly large perturbations to marine ecosystems, bleaching and mortality of large numbers of corals has become more frequent and noticeable.



In 1998, widespread coral bleaching and mortality occurred in the Indian Ocean resulting from abnormally high sea surface temperatures caused by the 1997-98 El-Niño.  High temperatures from March to May caused high levels of bleaching between 50 and 90% in most areas surveyed, with subsequent mortality approaching 100% of the bleached corals.  This level of bleaching and mortality of corals is unprecedented in the Indian Ocean, and comparable to mass mortalities recorded during the severe El Nino of 1982/83 in the Eastern Pacific (Glynn 1993b). Significant bleaching of corals was only seen at the Sept Frères islands.  Due to randomized placement of sampling circles, the surveys only recorded maximum levels of 5% (and average of 2%., Table 6), though individual coral patches were seen where over 50% of the corals had bleached, representing up to 30% of the bottom cover.  



The cover of recently dead coral recorded in surveys was very patchy among sites, with over 20% values on patch reefs at Musha and Maskali, and 5 – 10% values at sites on the south shore of the Gulf of Tadjourah.  Bleaching and mortality of corals occurred from April to June in the southern regions of Djibouti (E. Macherey and M. Roux, personal communication), coinciding with expectations from remotely sensed sea surface temperature data, and trends in other parts of the Indian Ocean (Hsieh et al. in press).  Recent mortality of corals is generally not easily recognizable after 6 months (D. Obura, personal observation), thus it was not recorded in this survey.  Following completion of the surveys and analysis of the data, I estimate that an average coral mortality level of about 20 – 30% may have occurred throughout Djibouti as a result of El-Nino related bleaching.  This level is lower than has occurred in the Indian Ocean (50 – 80%), potentially due to the cooling influence of upwelled waters in the Gulf of Aden.  Within Djibouti, the greater exposure of coral reefs in the Sept Frères islands to this cooler water illustrates its damping effect on temperature-related bleaching.



Mortality caused by visitors and divers is the third possible cause of mortality, and may particularly be implicated at Musha, Maskali, Arta Plage and Khor Ambado.  At these sites not only was fresh mortality visible, but there were also high levels of breakage of vulnerable branching corals, and higher cover of rubble (broken pieces of dead coral) on the substrate (Table 5).  Though visitor damage levels in East Africa have not been precisely quantified, coral cover can decrease from normal levels of 20 – 40% down to less than 5% as a result of visitor damage (Obura, personal observation), with similar results reported for tourist resorts in the Sinai, Red Sea (Hawkins and Roberts 1992).  While severe, visitor impacts are highly concentrated to specific spots, so early action to limit the extent of visitor sites, and/or reduce their destructive activities, can successfully minimize this problem.



These patterns in benthic cover are illustrative of a generally high level of coral reef ecosystem health, with only a few outlying points showing stressed and degraded reefs.  The principal issues raised by these patterns that are relevant to planning for biodiversity conservation include:

low cover of corals at Musha N and S, Sable Blanc and Khor Ambado - possible causes include tourism damage and previous infestations of Crown of Thorns (COTs) starfish (Acanthaster planci).

high fleshy algal cover at Maskali S, Khor Ambado, Maskali lighthouse, Musha N, and Ras Duan - possible causes include eutrophication, low herbivory by fish, and/or coral mortality from other causes resulting in increase space for algal growth.  These may be influenced by natural or anthropogenic changes.

The unique cold and warm water habitats of the Sept Frères within Djibouti and at a global level.

Evidence of coral stress and mortality is highest at high-visitation sites, implicating direct damage from tourists as the main cause of mortality to corals.  Crown of Thorns predation is present but at low levels, and El Niño related bleaching and mortality appears less important than at other sites in the Indian Ocean.



4.3	Coral diversity and distributions



A total of 167 coral species (including 3 species of black coral) were distinguished during the surveys (Appendix 8.4).   Ile Grande in the Sept Frères had the highest diversity of corals during a single dive, at 84 species, well above the next site, Trois Plages, in the Gulf of Tadjourah with 75 species (Table 7).  However multiple surveys at some locations increased the total number of species found at a site to 93, at Arta Plage (Table 8).  The number of species recorded from most sites was remarkably similar, ranging between 59 and 71 for individual samples (Table 7).  While individual survey diversities were lowest (20 species, Table 7) at the two sites in Musha (N and S) with the lowest coral cover (Table 5), overall Musha and Maskali islands had among the highest total numbers of coral species (Table 8).



Table 7: Coral species number and length of survey at each site visited.  Region codes: 7F – Sept Frères, MM = Musha and Maskali Islands, TN = gulf of Tadjourah, north shore, and TS = gulf of Tadjourah, south shore.

Region�Site�# species�Sample time (min)��7F�I. Grande�84�45��TS�Trois Plages�75�55��7F�I. Sud�71�100��TS�Arta Est�70�45��7F�I. Est�69�35��MM�Musha Est�67�35��TS�Arta Ouest�66�20��MM�Maskali Buoy�64�40��TS�Khor Ambado�64�45��TN�Ras Duan-flat�63�30��MM�Maskali Lighthouse�62�40��TN�Sable Blanc�58�40��TN�Ras Duan-Fringing Reef�57�35��7F�I. Double�52�60��TN�Tadjourah�49�25��MM�Musha N�43�30��MM�Musha S�21�30��MM�Maskali S�19�20��

Table 8: Coral species number and length of survey for each area surveyed.  In some areas 2 or more survey sites were recorded.

Site�Region�# species�Sample time (min)��Arta�TS�93�65��Ras Duan�TN�90�65��Grande�7F�84�45��Maskali�MM�84�100��Musha�MM�82�95��Trois Plages�TS�75�55��Sud�7F�73�100��Est�7F�69�35��Khor Ambado�TS�64�45��Sable Blanc�TN�62�40��Double�7F�52�60��Tadjourah�TN�49�25��

Recording the number of new species in each successive 5-minute interval during sampling (section 3.4) enables construction of cumulative species curves (Figure 4).  The structure of these curves indicates how similar sites may be in two ways a) the shape of the curve indicates the distribution of species over space such that reefs with different community structures will show different levels of curvature (e.g. I. Sud – the shape of this curve is due to a different sampling strategy, see zonation section below), and b) the tendency for the curves to asymptote indicates the potential total number of species at the site that may be revealed by additional sampling.
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Figure 4: Coral species cumulative diversity curves for all sites surveyed.  Sites grouped by a) Gulf of Tadjourah, South, b) Gulf of Tadjourah, North, c) Sept Frères Islands, and d) Musha/Maskali Islands.



As shown in Table 7, highest total number of coral species was found at I. Grande (Figure 4), but the continuing upward trend of all the lines suggests increased sampling would add several more species, perhaps over 20.  The cumulative curves are much more uniform among sites within the Gulf of Tadjourah, with the exception of Arta Plage W.  This site was a very small but highly diverse fringing reef below the road leading directly to the beach.  The high initial slope to the curve indicates many species were seen very quickly during sampling, but the sharp decrease in slope in the last sample (15 – 20 minutes) suggests the site is likely to have the same total number of species as the other sites sampled.  



There is greater variation in the site curves for Musha and Maskali Islands.  The fringing reef at Musha E, with high cover of staghorn Acropora and other mixed corals was the most diverse site in the area.  Musha S and Maskali S had the lowest curves asymptoting rapidly at about 20 species, as well as having the lowest cover of corals (Table 5).



Only one coral species was recorded at every site, Porites lutea, and only 10% of the species identified were recorded in 14 or more sites (Table 9).  The most common species are a mixture of fast growing branching, and slow growing massive species, characteristic of healthy shallow reef flats and fore reef slopes in the Indian Ocean (Rosen 1971, Hamilton and Brakel 1984) .  A distinct cluster of species was found in 6-7 sites, while over 40% of species seen were recorded at 2 or less sites.  



Table 9: Number of corals species versus the number of sites in which they were recorded.  The table indicates site frequency, number of species, cumulative number and % of species, and the most common species.  Total number of sites visited = 17.

# sites found�# species�Cumulative # species�Cumulative %�Species names��17�1�1�1�Porites lutea��16�4�5�3�Montipora spumosa, Platygyra daedalea, Pocillopora damicornis Stylophora pistillata��15�6�11�7�Acropora hemprichi, Echinopora gemmacea, Galaxea fasicularis, Leptastrea purpurea, Lobophyllia hemprichii, Porites nodifera��14�6�17�10�Acropora microclados, Acropora stoddarti, Ctenactis echinata, Cyphastrea chalcidicum, Echinopora fruticulosa, Favia favus��13�8�25�15��12�9�34�20��11�8�42�25��10�5�47�28��9�7�54�33��8�3�57�34��7�10�67�40��6�11�78�47��5�7�85�51��4�6�91�55��3�9�100�60��2�22�122�73��1�44�166�100���

The small number of common corals contributes to the overall similarity of the reefs surveyed, hence the consistency in community structure revealed by the benthic cover data.  However, the large number of species found at only some of the survey sites suggest that while overall community structure in Djibouti reefs is consistent, the distributions of almost half the coral species is patchy.



Cluster analysis of coral species presence/absence data was conducted to examine similarities among sites, using the Bray-Curtis Similarity Coefficient (Figure 5).  Cluster analysis indicates the levels of similarity of samples in a data set by their closeness of branching along a hierarchical tree.  Thus samples, or groups of samples, diverging from the base of the tree are more dissimilar than those branching close to the branch ends.  Three principal clusters of sites are apparent.  The main cluster contains most of the sites, including all of the sites in the Gulf of Tadjourah and the more species rich sites from the islands.  Most dissimilar from all the other sites are Maskali (S) and Musha (S), the two highly degraded sites (Table 5) with only 20 coral species each, compared to 40 – 70 species at other sites (Figure 4).  Isle Double and Sud in the Sept Frères also stand out from the other sites, also with fewer species (45 – 60 versus 65 and greater) than the other sites.
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Figure 5: Cluster analysis of coral presence/absence at survey sites, using Bray-Curtis similarity coefficient.



Overall, the clustering structure separates the more depauperate sites from the others, in the case of Maskali and Musha S due to severe degradation, and in the case of the Sept Frères, due to natural environmental factors (i.e. less suitable conditions for reef formation).  Apart from these, the other sites show little segregation according to region or human utilization.



4.4	Coral zonation



Surveys for coral zonation were conducted at the Sept Frères Islands to indicate the main axes of zonation, by recording coral species presence in three depth classes (at Isle Sud), and three horizontal classes with respect to water temperature/exposure (at Isle Double).  Depth zones used were less than 10 m, 10 to 25 m, and greater than 25 m depth zones, selected to correspond to the major habitat changes observed underwater.  Water temperature/exposure zones were determined according to location around the island – the eastern faces exposed to cooler upwelling water from the Gulf of Aden, the northern faces exposed to warmer surface waters from the Red Sea, and in between these, an intermediate temperature/exposure zone experiencing mixing of these two water masses and strong currents along shore.



The results indicate (Table 10, top) that coral species are widely dispersed among temperature zones with many shared species, suggesting a common species pool all around the islands.  The difference in water temperature is caused by exposure to currents from the east (cold) or west (warm), and varies seasonally (Figure 2), though these differences are insufficient to result in completely different benthic communities.  



With respect to depth, however, there is significant zonation of corals with few species in the deepest zone and highest diversity in shallow water.  Only one species, Tubastrea micrantha, extended across all three zones, in fact the abundance and colony development (to 50 cm high, and a thick, bushy morphology) of this species is the highest I have ever observed for any coral reef area.



Table 10:  Changes in coral species composition by temperature at Isle Double (top), and depth at Isle Sud (bottom).  Changes in water temperature at Isle Double are due to influence of cold upwelled water from the Somali/Arabian region on the Eastern sides of the islands, versus warm water from the Red Sea on the western/northern sides of  the islands (Figure 2).  Depth zones at Isle Sud were approximately: deep >25 m, intermediate 10–25 m, shallow <10 m.

�

Isle Double - temperature zones��������������Total number of species =��52�������������Bray-Curtis�����Cold�Intermediate�0.473������Warm�0.423������������Intermediate�Warm�0.508���������������������������Isle Sud - depth zones��������������Total number of species =��60�������������Bray-Curtis�����Deep�Intermediate�0.222������Shallow�0.035������������Intermediate�Shallow�0.246������������

4.5	Tourist damage



Damage caused by tourists at Sable Blanc was quantified by sampling benthic circles for bottom cover and coral diversity. Samples representing undisturbed reef were collected from areas east of the main beach areas.  Samples representing disturbed reef were collected immediately in front of the main tourist shelters, in an area indicated by resident staff to be the main access zone use by tourists to get to the beach.  The results (Figure 6, top) illustrate that coral cover decreases where there is extensive tourist activity, due to breakage.  This space becomes available for as free substrate, on which algal turf is the main colonizer.  It’s fast growth rates and low biomass accumulation make algal turf resistant to continual trampling and anchor damage by tourists, and it is maintained by fish herbivores, primarily acanthurids (surgeonfish).  Interestingly, the number of coral species at the damaged locations did not decrease, and there was no clear separation in a cluster analysis (Figure 6, bottom) of coral species composition at the damaged and undamaged sites.



While tourist damage is clearly significant at Sable Blanc, and at  other heavily visited sites as summarized previously (sectio 4.2), damage is not so extensive as to alter coral species composition at the sites or to shift the reef communities to alternative communities, such as urchin barrens or macroalgal communities (Done 1982, McClanahan and Shafir 1990, Esters et al. 1978).  Recovery and restoration through appropriate management interventions is therefore likely to be successful.
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Figure 6: Tourist damage at Sable Blanc.  Top: cover of hard substrate, corals and algal turf, and number of coral species.  Bottom: coral species similarity (Bray Curtis similarity coefficient) on undamaged and damaged sections of the reef in front of the Centre Touristique de Sable Blanc. c1, c2, c3 = control, undisturbed samples, e1, e2, e3 = experimental, disturbed samples. 





4.6	Biogeographic patterns of coral species



O f the 167 coral species recorded, 3 are reported for the Red Sea but not elsewhere in the Indo-Pacific (Table 12), Acropora hemprichi, Echinopora fruticulosa and Porites nodifera (Sheppard and Sheppard 1991, Veron 1987).  A further 2 species were recorded with morphologies exclusive to the Red Sea (Stylophora pistillata, Sheppard and Sheppard 1991), or not seen by the author yet in E. Africa (Echinopora f.massive, personal observation).  A further 18 species were recorded that had noticeable differences in abundance and/or in colony morphology and structure compared to East Africa. 



The patterns in coral diversity and distributions suggest the following issues for conservation planning:

At the scale of complete islands and banks, and 1-2 km. lengths of coastline, all areas sampled had similar overall levels of coral species diversity.  Thus a diverse range of protection options could achieve species conservation.

Staghorn Acropora reef flats with adjacent reef slopes (Musha E, Ras Duan, Arta Plage), tended to have the highest coral diversity, presumably due to overlapping distributions of species typical to one or the other habitat.

In spite of their low coral cover and colder water conditions, the Sept Frères islands had coral communities comparable to the other sites, and most notably had high abundance and developments of the non-photosynthetic coral Tubastrea micrantha and 3 species of black coral (Antipathes) in deep, cold water, high current zones.

The consistent suite of dominant or common coral species contributes to homogeneity in reef community structure, both within reef sites (cf. Zonation at I. Double) and among the sites surveyed.

The large number of uncommon or rare species suggests that to achieve the goals of biodiversity conservation, a reasonable number of distinct sites (10-15 ‘sites’ in perhaps 4 – 5 different areas) must be considered for protection. 

Loss of coral species has not yet occurred as a result of tourist impacts, thus degraded tourism sites can be justified for protection on biodiversity grounds as well as for restoration and potential revenue.



Table 12: Differences in coral species presence and morphologies relative to East Africa.  

�Family�Genus�Species�Justification/reference��������Red Sea species (Sheppard and Sheppard 1991)������Acroporidae�Acropora�hemprichi�Sheppard and Sheppard 1991, Veron 1987���Faviidae�Echinopora�fruticulosa�Sheppard and Sheppard 1991���Poritidae�Porites�nodifera�Sheppard and Sheppard 1991��������Red Sea morphologies�����Pocilloporidae�Stylophora�pistillata�Sheppard and Sheppard 1991���Faviidae�Echinopora�f. massive�personal observation��������More abundant in Djibouti than in East Africa������Acroporidae�Acropora�microclados�personal observation���Acroporidae�Acropora�stoddarti�personal observation���Faviidae�Diploastrea�heliopora�personal observation���Faviidae�Goniastrea�pectinata�personal observation���Agariciidae�Leptoseris�mycetoseroides�personal observation���Acroporidae�Montipora�spumosa�personal observation���Siderastreidae�Siderastrea�savignyana�personal observation���Dendrophylliidae�Tubastrea�micrantha�personal observation��������More abundant, variation in colony structure compared to East Africa�����Acroporidae�Acropora�eurystoma�personal observation���Poritidae�Goniopora�djiboutiensis�personal observation���Acroporidae�Montipora�monasteriata�personal observation���Pectiniidae�Mycedium�elephantotus�personal observation��������Less abundant than in East Africa�����Poritidae�Porites�nigrescens�personal observation���Poritidae�Porites�compressa�personal observation���Oculinidae�Galaxea�astreata�personal observation��������Abundant on deep, cold water slopes. Not observed yet in E. Africa������Octocorallia�Antipathes�sp. (white, bushy)�personal observation���Octocorallia�Antipathes�sp. (dark, wispy)�personal observation���Octocorallia�Antipathes�sp. (orange fan)�personal observation��

4.7	Mobile invertebrates



The presence of indicator mobile invertebrates was recorded in benthic sampling circles at sites in the Gulf of Tadjourah and Musha and Maskali Islands.  Due to strong currents and difficult diving conditions in the Sept Frères, this method could not be applied there, but the presence of Acanthaster planci was noted during dives.



Mobile invertebrates were not very common or abundant at any of the reefs surveyed, with the exception of sea urchins, principally the species Diadema setosum, at one of the sites at Arta Plage, and on the reef flat at Musha (Table 13).  One of the most noticeable patterns was that mobile invertebrates were most abundant and varied at Arta Plage and Musha.  It was surprising that no lobsters were recorded in the circles, and only 3 were observed during the whole trip.



Table 13: Density of mobile invertebrates per 100 m2 sampling circle.

�Site�Arta A�Arta B�Khor Ambado�Trois Plage��Sable Blanc�Tadjourah���Region�TS�TS�TS�TS��TN�TN��Scientific name�Common name���������Acanthaster planci�crown of thorns starfish�0.3�2.0��0.7�����Culcita schmidelania�cushion star��0.5�������Fromia ghardaqana�red sea star���0.3������Echinothrix diadema�sea urchin�0.3�0.3�������Diadema setosum�sea urchin��31.5�2.6���3.3���Echinostrephus molaris�sea urchin�0.2��������Holothuria leucospilota�black sea cucumber���������Pearsonothuria graeffi�spiny sea cucumber�0.7�0.5�1.1����0.3��Chromodoris africana�nudibranch�0.2�0.3��������TOTAL�1.7�35.0�4.0�0.7�0.0�3.3�0.3�������������Site�Maskali LH�Maskali Sud�Maskali buoy-edge�Maskali buoy-top�Musha A�Musha B�Musha S���Region�MM�MM�MM�MM�MM�MM�MM��Scientific name�Common name���������Acanthaster planci�crown of thorns starfish���0.3��0.8����Culcita schmidelania�cushion star�����7.5��0.2��Fromia ghardaqana�red sea star���0.3��0.3�0.3�0.2��Echinothrix diadema�sea urchin�����11.8����Diadema setosum�sea urchin�����6.3�2.8�3.0��Echinostrephus molaris�sea urchin���������Holothuria leucospilota�black sea cucumber�����0.5��0.2��Pearsonothuria graeffi�spiny sea cucumber��0.2��1.0���1.0��Chromodoris africana�nudibranch����������TOTAL�0.0�0.2�0.7�1.0�27.0�3.0�4.5��

Mobile invertebrate abundance and diversity revealed two principle patterns.  First, crown of thorns (COTs) starfish were observed at almost all reefs surveyed, and were counted in the density surveys.  Evidence of their predation on corals was also quite apparent (Table 6).  Nevertheless, in spite of past concerns of COTs outbreaks in Djibouti (Pichon 1989), there was no evidence during this survey of outbreak populations nor of imminent future threats to corals and reef communities.  The numbers of COTs seen (from 1 – 6 per dive) were higher than is normal for East African reefs (mostly 0 per dive), but not close to outbreak levels of several individuals per 100 m2, over large areas of reef,  (Moran 1986, Korrubel in press).



The presence of high numbers of sea urchins in the genera Diadema and Echinothrix, in crevices in the rock as well as moving freely on the surface, at Arta Plage and Musha may indicate reef degradation.  In East Africa and several other regions (McClanahan and Shafir 1990), high densities of these urchins are associated with degraded reefs from overfishing and/or nutrient pollution.  The presence of high algal populations following coral mortality and/or eutrophication, and the lack of urchin predators due to removal by fishing can result in increased sea urchin numbers.  Persistently high sea urchin densities can a) prevent survival of young corals and recovery of their populations, and b) cause high erosion rates of the reef substrate through grazing by the urchins.  Together, these may lead to progressive reef degradation and a change in state to urchin-algae dominated communities.  This may be happening on the low coral cover/diversity reefs at Musha, and could be indicative of persistent disturbance to the reefs preventing recovery.



4.8	Fish



A total of 80 species of fish were identified in 20 families of bony fish, and 6 species of elasmobranchs in 5 families (Appendix 8.5).  Identification was limited to a number of target families comprising the larger vagile reef fish that are more visible during the day, excluding the smaller more cryptic forms, and families posing difficulties in identification.  The only labrid (wrasse) species recorded was the Napoleon wrasse (Cheilinus undulatus) because of its value as a fisheries indicator species, other wrasses being excluded due to difficulties in identification.  



In the sampled families, all species observed were recorded and identified.  Sites in the Gulf of Tadjourah had lower numbers of fish species than the islands of Musha/Maskali and Sept Frères (Table 14, Appendix 8.5), and were more similar to each other than to the island faunae (Figure 7).  The highest diversity of fish was recorded in the Sept Frères, largely due to the presence of elasmobranchs (6) and carangids (jacks, 4) recorded there but not elsewhere, setting the islands apart from the other regions in a cluster analysis (Figure 7).  As with the coral diversity data, the regions appeared to have the same basic fish fauna, varying only in the presence of some specific fish that might be rare, have particular habitat requirements (such as the pelagics found at the Sept Frères, attracted by the high biomass of prey fish in the water column), and/or be susceptible or not to fishing.



�





Figure 7: Cluster analysis of fish species presence/absence in Tadjourah South (TS), Tadjourah North (N), Musha/Maskali islands (MM), and the Sept Frères islands (7F),using Bray-Curtis similarity coefficient.



Table 14: Fish families censused and the number of species identified in each family.

Family�# spp.��Acanthuridae�10��Balistidae�8��Caesionidae�3��Carangidae�5��Chaetodontidae�10��Haemulidae�3��Kyphosidae�1��Labridae�1��Lethrinidae�3��Lutjanidae�8��Monacanthidae�1��Mullidae�1��Ostracidae�1��Platacidae�1��Pomacanthidae�5��Scaridae�9��Serranidae�6��Sparidae�1��Tetraodontidae�2��Zanclidae�1��Elasmobranchs�6�����Total families (include. Elasmobranchs)�25��Total species�86��

Table 15: Number of fish species sampled with distributions covering one or more biogeographic regions, following Lieske and Myers (1994) and Randall (1982).  The East African region is included as a sub-region in the Indian Ocean.

Region�Total�High diversity families (# species)���# sp.�%�Acanthuridae�Chaetodontidae�Lutjanidae�Pomacanthidae�Scaridae��Red Sea/Gulf of Aden�13�15�3�2���3��Indian Ocean�10�12�2�2�����Arabian Sea�1�1��1��������������Red Sea/Gulf of Aden - Indian Ocean�54�63�5

�3�7�2�5��Red Sea/Gulf of Aden - Arabian Sea�5�6��2�1�1���Red Sea/Gulf of Aden - East Africa�1�1�����1�����������Red Sea/Gulf of Aden – Arabian Sea - Indian Ocean�1�1����1���Red Sea/Gulf of Aden – Arabian Sea - East Africa�1�1����1������������Total�86��10�10�8�5�9��

Table 14 lists the families and the numbers of species seen in each family.  Acanthurids (surgeonfish), chaetodontids (butterflyfish) scarids (parrotfish) and lutjanids (snappers) were the most species-rich families studied, making up 50% of the species recorded.  Within each of these groups, there was a mix of species from different biogeographic regions (Table 15).  Acanthurids and chaetodontids showed higher levels of endemism in the Red Sea/Gulf of Aden and Arabian Sea than did scarids and lutjanids, which had proportionately more species crossing regional boundaries.



Of particular note are 3 chaetodontid species (Chaetodon mesoleucus, C. semilarvatus, and C. melapterus ) and one pomacanthid (Holacanthus xanthopterus) that are endemic to the Arabian Sea off Oman and/or to the Red Sea and Gulf of Aden (Fraser-Brunner 1949, Lieske and Myers 1949).  All four species were commonly seen in surveys, along with regional endemics from other families (Appendix 8.5).  The species list prepared here is smaller than that presented by McClanahan (IUCN 1997) from the Saad ed Din Islands in neighbouring Somalia, though this difference is due to the limited selection of families surveyed in this study.  The fish faunae of the two neighbouring areas are essentially the same.



Patterns of fish species distribution among the four regions studied thus suggest the following:

That there is a single species pool of fish for the entire Djibouti coast, local differences being due to local habitat variation, in particular water temperature and currents, and productivity.  The fish populations are similar to those of the Saad ed Din Islands in neighbouring Somaliland.

Fish populations in Djibouti come from 3 major biogeographic provinces, the Red Sea/Gulf of Aden, the Arabian Sea, and the Indian Ocean.

patterns in fish distribution and diversity are consistent with those of corals, suggesting that a similar strategy for biodiversity conservation can be followed for both taxa.



4.9	Other biodiversity



Sightings of large vertebrate species were recorded on an incidental basis (Table 16).  Turtles were see frequently from the surface and during dives, identified as hawksbill turtles (Eretmochelys imbricata).  The other common Indian Ocean species, the green turtle (Chelonia mydas) was not seen, perhaps because their principal food, seagrass, was also absent.  Sea birds were common, though not in large flocks either at sea, on the mainland or on islands.  Seasonal nesting of large numbers of birds has been reported from the Sept Frères, and attracts egg collectors, however no seabirds were nesting during this survey.  



A single nesting pair of ospreys with a single egg was recorded on I. Basse, and photographed (Photo xx).  Other reports of breeding by ospreys includes a nest with 3 eggs sighted on I. Musha at the time of these surveys (T. Archer and H. Mohammed, personal communication), and a nesting pair with 2 chicks on Saad ed Din Island, sighted by the author in neighbouring Somalia in February 1997 (IUCN 1977).  Together, these observations confirm the islands of this region as nesting sites for ospreys, and are likely to be the most southerly sites used for this purpose by the species.



Dolphins, all probably the long-nose spinner dolphin (Stenella longirostris) were sighted sporadically, mainly around Musha and Maskali Islands and the Sept Frères.  Species reported from the Saad ed Din islands in 1997, the bottlenose dolphin (Tursiops truncatus), and Indo-Pacific hump-backed dolphin (Sousa chinensis), were not recorded during these surveys.  No larger dolphins or whales were seen, however, they are sighted sporadically in the area, though no reliable species lists were available.



Dugong have not been reported live from Djiboutian waters for some time, however there have been two confirmed dugong deaths, both caught in fishing nets at the same location at Ouaramous Island, east of Djibouti town (Table 16).  The most recent of these was photographed (A. Darar, personal communication).  It is likely, therefore that there is a remnant population of dugong, of very small size, that may use the extensive shallow banks between Djibouti town and Zeila in Somaliland.  Following the precautionary principal, establishing the proposed Ouaramous protected area (Laurent 1987, and see recommendations 6.1) and conducting extensive aerial surveys in the area may be necessary to determine if there are any dugong still alive in the area, and if so, may be the only way to protect them from extinction.

 

Table 16: Incidental sightings of marine species of interest.

Turtles�����Boat Sightings�3 in one day at I. Musha (24/11)

2 in G. of Tadjourah (29/11)���Underwater sightings�5 at Sept Frères (26/11)

one each at Ras Duan, Musha E, Arta Plage and Tadjourah.���Nesting�No nests seen, but suitable beaches at Sable Blanc, Trois Plages, Khor Ambado, Musha and Maskali.������Birds�����At sea�Terns and gulls common, but none flocking or breeding.  Three spp. of gulls discerned at Sept Frères, but not positively identified.  

Dusky/sooty coloured shearwaters seen in Gulf of Tadjourah.���Reefs/coast�Night heron, goliath heron, egrets, and waders common

Pair of nesting ospreys with single egg on I. Basse in Sept Frères (27/11, see Photo xx).

Other birds of prey sighted, e.g. at Sable Blanc, but not identified.������Mammals�����Dolphins�Group of 30 or more at I. Musha (24/11), and single individual (1/12).  Positively identified as Indo-Pacific Spinner dolphin, Stenella longirostris

Group of 5 – 10 at I. Grande, Sept Frères (26/11). No positive ID.

No positive IDs on all but first sighting, but all looked similar and likely to be S. longirostris.���Dugongs�No sightings, but two have been caught at same spot at I. Ouaramous, in 1992 and on 16/5/94, the latter recorded with photographs (A. Darar, personal communication).��



4.10	Mangroves



The recent mortality of a stand of mangroves on Musha Island has caused some concern, and the site was investigated on 1 December 1998. The mangrove stand is relatively small, some tens of meters wide by up to 200 m long, bordered on one side by the island, and on the other by stretches of beach and low saline flats.  Along one of the beach edges, about a 30 m width of Avicennia marina trees had been cut, reputedly for use as firewood by weekend visitors.  As a result of this, it appears that sand has been transported over the beach top, inundating part of the Rhizophora mucronata zone, burying some of the trees above the prop roots leading to their mortality.  Nevertheless, in the area adjacent to the sand infilling, now an ‘edge zone’ of the R. mucronata belt, there is a large number of R. mucronata seedlings, with apparently healthy regeneration.  



Additionally, a larger area of R. mucronata, upstream of this spot, is dead, with many of the dead trees felled in a swath, apparently as if by a strong wind or storm.  Because it is upstream of the sand-infilled area, this mortality is unlikely to be due to the original cutting of A. marina.   It is possible that some form of pollution caused the extensive mortality in the R. mucronata zone, perhaps a fuel or oil spill in the mangroves by weekend visitors.  



Due to uncertainty as to the cause of mortality of mangroves, a simple survey study of the zonation of the dead zones compared to control live zones would be advisable, coupled with water and sediment analyses to identify traces of any possible pollutants.



4.11	Marine curios



The sale of marine curios, namely coral skeletons, shells, and turtle shells is common in Djibouti town in the main market, at a stand near the Semiramis Supermarket, and on the road to the nearby weekend beach resort of Khor Ambado.  Table 17 lists the starting prices for some of the marine curios on sale, though with bargaining prices could be reduced by half or more, especially for the smaller shells and corals.



Table 17: prices quoted for shells and corals, in Djibouti Francs (at 177 DJ/$)

Size�Small�Medium�Large�������Shells�����Bursa, spider conch, green snail, etc.�300�500�700��Helmet shells��800�1200��Lambis (conch)�800�1200�1800�������Corals�����Acropora spp, Pocillopora spp, Stylophora spp.�1100�1300�1500��Lobophyllia hemprichii��2300��������Turtle shells�����Hawksbill turtle �(seen for sale, but failed to get a price)��



Asked about the origins of the shells and corals, the traders tended to indicate they were rare and from far away, though all of the corals on their stands could be obtained from the patch reefs just off Djibouti town.  Similarly it is likely that most of the shells could be obtained from the extensive reef flats south and east of Djibouti (Robin 1972), and the larger conchs (Lambis spp.) were seen on reefs at Musha and Maskali during surveys.



While collection of corals and shells carried out over the long term does lead to reef degradation, particularly if reef areas are small, it does not appear to me that the commercial trade for sale in Djibouti town is at a highly destructive level.  Rather than expending effort to ban the commercial supply of shells and corals, it seems that reducing the demand through effective public education and marine conservation policies would be more effective, and not antagonize local vendors.  Focussing on education would reinforce efforts to reduce the much more serious tourist-damage problem in Djibouti (see later sections).



Turtle shells and ornaments were frequently on sale in the stalls.  The extensive poaching of turtle eggs reported during the course of the surveys is probably a more important threat to turtle populations than capture of adults, as these were seen in the water relatively frequently (Table 16).



4.12	Training results



Estimating benthic cover using a 100 m2 circle is a simple technique to teach and absorb, and enables sampling of a large number of sites in a short time, and use of newly trained observers.  However it’s simplicity and low precision mask some of its problems.  Table 18 shows the difference in estimates of percent cover between the trainees and consultant.  A significant difference (t test) is shown by an asterisk.  The results show that while the difference in estimates can be quite high (over 20% in many cases), because of the small number of circles sampled, and natural variation among circles, few of these differences are statistically significant.  The method does poorest at estimation of algal cover, due to identification difficulties between algal categories.



Examining the average differences between trainees and the consultant among the different categories, coral cover is the one that has consistently the highest error.  On average, trainees over-estimate the true amount of coral cover, due to a strong bias based on the attraction of corals, and the popular notion that corals must dominate coral reefs.  Other categories show little consistency among over- and under-estimation.



The principle problem encountered during training was the unfamiliarity of the counterparts with the marine environment on biological terms, not their general level of scientific and technical expertise, which was very high.  That is, their knowledge of the main differences, structurally and functionally, among the main invertebrate taxa, and of aspects of ecology influenced by the water medium, was low.  This is only to be expected, as marine biology and oceanography are distinct disciplines with dedicated teaching staff at the university level.  Ongoing training, and the development of a marine monitoring and research team will therefore require some commitment to formal instruction in marine ecology and biological oceanography.  I believe this will be most effective if done in Djibouti, by hiring experienced instructors to teach short modules (2-3 week intensive courses) on aspects of the subjects identified to be necessary.  Course modules on research methodologies and research diving/snorkelling would also be useful.





5.	DISCUSSION – PRINCIPLE ISSUES FACING MARINE BIODIVERSITY CONSERVATION IN DJIBOUTI



The principal findings of this mission that relate to the development of a Biodiversity Strategy for the marine environment of Djibouti include the following points:



On the whole, coral reefs in Djibouti, and the marine environment in general, appear to be in a healthy state.  The majority of the reefs surveyed had similar and high levels of biodiversity of both fish and corals, and community structure typical of healthy coral reefs.

Degradation of reefs appears to be principally correlated with tourism effects such as anchor damage, and collection and breakage of corals and shells.

�



Table 18: differences in benthic cover (diff, in percentages) between trainees and consultant.  Negative values indicate underestimation by trainees. Sign = statistical significance of difference in estimates given by students ‘t’ test, ‘*’ = significant at p < 0.05 level.

�Substrate�������Invertebrates�������Algae��������Hard��Rubble��Sand���Coral��Soft coral��Sponges, etc���Fleshy��Turf��Coralline���Site�diff�sign.�diff�sign.�diff�sign.��diff�sign.�diff�sign.�diff�sign.��diff�sign.�diff�sign.�diff�sign.��Counterpart A����������������������Arta A�-13��5��7���-7��0��1���10��-2��-2���Arta B�23��-4��-19�*��25��-3��4���5��-23�*�8���Khor Ambado�7��-7��0���-2��0��0���0��7��0���Maskali Buoy - edge�-10��3��7���10��-4��1���25�*�-13�*�0���Maskali Lighthouse�15��-7��-8���37��0��2���-12��-10��3���Maskali South�12��-15��3���8��-2��0���-12��0��10�*��Musha A�8��-3��-5���5��0��0���10��-13��7���Musha B�0��5��-5���5��-1��0���5��15��-3���Musha C�-10��12��32���13��0��0���13��-17��7���Average�3��-1��1���11��-1��1���5��-6��3����������������������2���Counterpart B����������������������Khor Ambado�-7��5��2���8��30��0���-2��6��0���Maskali Buoy - top�10��-10��0���40��-1��-5���-10��-20��10���Maskali Lighthouse�13��-3��-10���33��12��-3���-10��-8��-3���Maskali South�18��-20��2���2��10��0���-3��-3��2���Average�4��-2��3���16��7��-1���0��-5��2����������������������3���

�Both corals and fish showed similar patterns of biodiversity characterized by uniformly high levels of diversity on most reefs studied, with corals showing a high proportion of rare species seen at only one or two reefs.



Located at the convergence of three biogeographic zones – the Indian Ocean, Red Sea, and Arabian Sea – Djibouti has a unique range of species and marine environments deserving high priority as a globally important conservation site.



In terms of effective conservation of biodiversity, therefore, these findings suggest the following:



That it is not too late to protect the full range of biodiversity in Djibouti’s marine environment.  Indeed, the intact state of Djibouti’s reefs provides a rare opportunity in a tropical, developing country, and particularly important given the biogeographic uniqueness of the area.

That an integrated set of medium-sized marine protected areas, as the focal structures of a Marine Biodiversity Conservation Strategy, could cover the full range of shallow marine environments and species represented in Djibouti.

The principal threats observed, tourism and potentially fisheries, also provide the principal means for sustainability of conservation efforts through long term revenue generation and protection of their resource base.



The mission omitted three principal zones of Djibouti’s marine realm: a) the north continental shore from Obock to the Eritrean border, b) the Ghoubet al Kharab, and c) the sediment-dominated platforms from Djibouti town east to the Somali border.  These areas need to be surveyed during development of the full marine biodiversity strategy, however it is likely that they are not significantly different from areas surveyed in this report in terms of principal species present.  In terms of principal habitats, both the north and eastern shores may be dominated more by soft-sediment habitats than hard-substrate coral reefs.



The following sections elucidate aspects to be considered in developing a marine biodiversity conservation strategy given the above findings.



5.1	Biogeography and biological diversity



Djibouti lies at the confluence of two major biogeographic provinces, the Indian Ocean and Red Sea/Gulf of Aden, and a smaller subregional zone, the Arabian Sea.  The first two zones are tropical coral reef provinces and provide most of the species found in Djibouti’s waters.  The third zone is characterized by cold upwelling waters.  While it contributes some cold water species, its principal effect is ecological, contributing areas of cooler, richer waters atypical of coral reef environments.  In Djibouti these cooler waters are restricted primarily to the Sept Frères Islands, and potentially the neighbouring coastline.



The mixing of species from all three regions is shown by data collected on fish, in particular butterflyfish.  In corals there are lower levels of endemicity between Red Sea and Indian Ocean species (Shephard and Shephard 91, Veron 86), but mixing of species from the two regions is evident from intraspecific variation in morphology (Table 12).  So far as is currently known, the only similar sites in terms of the species composition are the Saad ed Din islands just across the Somali border from Djibouti (IUCN 1997), and potentially Socotra and adjacent islands at the Horn of Africa (Kemp 1997, Kemp and Obura in press). 



This unique biogeographic mix, and Djibouti’s location, provide strong support for conservation in a network of marine protected areas designed to include as many of the different species and habitats as possible.  Justification for conservation at specific sites could range from local through national, to regional and global levels, and are described in the section below on Marine Protected Areas.



5.2	The Sept Frères



The mix of cold and warm-water habitats in Djibouti concentrated at the Sept Frères Islands, and as mentioned above, is unique from regional to global levels.  From personal experience, it appears most similar to the mix of marine environments in the Galapagos Islands, where tropical waters from the Eastern Pacific mix with cool waters from Antarctica flowing up the South American coast, with additional influence of local upwelling off the western islands.  The marine fauna of both sets of islands is characterized by small yet highly productive upwelling zones on the windward sides of the islands, and sharp transitions in space from the cold-water, nutrient-rich habitats in these zones, to warm-water coral reef zones in the lee of the islands.  A similar situation may exist in Socotra and the adjacent islands, where kelp forests and coral communities occur on opposite sides of the islands, and Oman, where these communities may be found on opposite sides of headlands (Salm and Dobbin 1987, Glynn 1993).  Since Oman and Djibouti are the only countries in the region with significant initiatives in marine biodiversity conservation, priority should be given to the few locations in these countries that contain these unusal environments. 



Other factors adding to the biodiversity value of the Sept Frères are their importance as nesting sites for sea birds (C. Magin, personal communication) and as one of the most southern reported nesting locations of Ospreys (Table 16).  Further, as small islands with highly localized resources and aggregations defined by currents and island configurations, they are highly vulnerable to overexploitation.  The unique biodiversity and biogeography of the islands, and their spectacular nature, above water and below, also give the islands a very high tourism value.



Both within the context of the Gulf of Aden/Arabian Sea region, and globally, the Sept Frères represent a unique assemblage of species and habitats worthy of conservation, and one of the principal recommendations of this consultancy is to include these islands as a prime conservation site for Djibouti.



5.3	Tourism 



Degraded reefs were found at Khor Ambado, Musha, Maskali and Sable Blanc, principally associated with high levels of tourism use.  The lack of delicate, small corals, and high proportion of rubble, suggest breakage by boat anchors, and collecting by divers and snorkellers.  These are also given as the most common form of disturbance during conversations with people from boat and tourist operators to government officials.  Some of these reefs may also be intensively fished (by artisanal and/or tourist spear-fishermen), exacerbating the effects of physical damage. 



Tourism is perhaps the most important and broadly applicable use type that ascribes economic value to conservation and protection of biodiversity.  As such, it can provide the strongest rationale and mechanisms for successful conservation.  Poorly planned and managed, however, it can also be one of the greatest threats to conservation.  The type of tourism affects the infrastructure and practices put in place by tourist operators, as well as the behaviour and expectations of the tourists themselves.  Information, education and awareness are the primary tools for influencing the nature of tourists and tourism practices, while government policy and regulations influence the infrastructure and physical development of tourism investments.



Effective management of the direct damage problem caused by tourism will require attention to the different tourist groups using reefs in Djibouti.  There appear to be four: local Djiboutian visitors, local expatriates, the French military, and foreign tourists.  Local expatriates and the French military were reported as the principal users of beach resorts and to be the most frequent divers and spear-fishermen_, with increasing numbers of Djiboutians using the beaches on weekends.  In general there is a low level of appreciation, especially among military personnel, of the environmental damage that ensues from breaking and picking up corals, and of excessive spearfishing.  Reducing these problems will require education and awareness programs targeted specifically at the different tourist populations, backed up by strict enforcement if infringements are reported.  Evading the issue of target tourist populations will only delay the needed changes in behaviour, and result in more and larger areas being degraded by overuse, and a less effective conservation strategy.



Boat anchor damage is reported as the other major mechanism of reef degradation.  The simplest method dealing with this problem, and one that is technically accessible, is the establishment of mooring buoys at tourist locations (see Sable Blanc section 5.9).  A parallel education programme targeted at boat drivers and owners will have to be designed, again with strict enforcement if anchoring is reported where mooring buoys have been established.



One of the prime benefits of tourism for conservation is revenue generation.  While tourists do not currently pay to visit protected areas in Djibouti, this is standard practice in all successful protected area programmes worldwide.  Conservation is an expensive undertaking, and without revenue generated for visitation to protected sites, few governments, and certainly none in developing countries, can underwrite the costs of conservation management.  Not charging for visitation to conservation sites is also contrary to economic theory – the existence value of species and natural habitats must be monetarized for it to compete successfully with other real values, such as for fisheries or development.  However the charging of visitation fees must be justified by visible benefits – well protected species and communities, enforcement of regulations and punishment of offences, provision of information and education packages related to conservation, and, most importantly, accountability and reporting of finances gained and spent.



5.4	Fisheries and other extractive uses



Overfishing poses a serious threat to coral reef ecosystem integrity by breaking up linked energy and materials flows in the ecosystem.  Subsequent collapses in productivity and diversity can be severe and may not be reversible in the short term.



The lack of control of any forms of fishing will become a major problem in the future.  Spearfishing, though legally banned, is widely practiced.  Artisanal fishermen are apparently not subject to any limitations, and their impacts in the future will likely multiply as their gear technology improves in catching efficiency.  Catching efficiency from a fisheries perspective usually equates over the long term with overexploitation from an ecological perspective, and such practices may be difficult to stop once they develop.  From experience in Kenya and Tanzania, definitions of “artisanal practices” are imprecise, as it is not often clear if these include or exclude innovations such as switches from natural fibres to monofilament line, or modern spear guns compared to locally made wooden ones.  The limits of the term ‘artisanal’ should be carefully specified in legal texts at an early stage, especially as there is not a long tradition of fishing to help define traditional practices.  



At current levels of fishing of 400 tons landed per year and 2,000 persons in the fishing industry (Kunzel et al), Djibouti fisheries are underutilized.  The Direction d’Elevage et des Peches (DEP) is currently implementing policies to recruit and train Djibouti citizens as fishermen to increase production, towards a projected Maximum Sustainable Yield of 5,000 tons annually (Kunzel et al 1996).  While at the national level fisheries resources are clearly under-utilized, at the local level favoured spots may suffer overutilization, especially of small restricted areas of high productivity. Fisheries management in Djibouti has the singular advantage that most new fishermen pass through the government training programme.  This provides a rare opportunity to inculcate appreciation for conservation and stock management among fishermen. It is also provides an opportunity to develop participatory strategies, between the government and fishermen, for early identification and mitigation of overfishing thus preventing the loss in incomes and standards of living caused by overfishing.  Participatory monitoring of fisheries is being increasingly used in East Africa, and other parts of the world, to encourage a sense of ownership among fishermen of their resources, which naturally leads in the long run to better care of the resource, and a ‘farming’ rather than a ‘mining’ approach to extraction (Obura 1998).



A further measure critical to the protection of coral reef fisheries stocks is the designation of no-fishing reserves to protect reproductive stocks and nursery areas (White et al. 1994).  These protect critical populations from the decreases in numbers and individual size that result in exponential decreases in reproductive output; such decreases in reproductive output can lead to population collapse as fish populations are unable to reproduce themselves.  Such fisheries reserves are consistent with biodiversity conservation reserves mentioned above, and can be planned in tandem.



The diversification of fisheries from coral reef and benthic populations to include pelagic fish will help reduce both the pressure on reef resources, and over-dependence on a single type of resource.  Abundant bonito were observed in the Gulf of Tadjourah, and presumably exist also elsewhere in Djibouti’s territorial waters further from land.  As an additional assistance to fisheries, the Department is aware of the potential of Fish Aggregating Devices (FADs) and considering developing appropriate ones for local conditions (A. Darar, personal communication).



Aquaculture, mariculture and other interventionist uses of marine resources are potentially lucrative, and don’t harm natural biodiversity and populations if managed well.  They can, however, have very strong negative impacts, such as eutrophication and pollution, which must be carefully considered.  The wider ecological and socio-economic contexts of aquaculture should be carefully considered in any development initiatives.  For example, a report advocating the use of dynamite to protect mariculture algae from predators (FAO 1982) could have disastrous results if dynamite is channeled from approved uses (usually roads and mining) to clandestine fishing, as is endemic in Tanzania and Indonesia. Without strong legal mechanisms of control, such types of activities should be strictly prevented.  



5.5	The marine curio trade



Overextraction of fish is particularly damaging to reef ecology because of the many important ecological roles of bony fish.  Molluscs, on the other hand, are generally not as important ecologically.  Thus the shell trade does not usually pose a problem to ecosystem integrity, though it may, of course, result in loss of the larger and more valuable species.  The take of corals for the curio trade can have more significant impacts, though the species taken are normally fast growing weedy species, and currently the number of curio stalls does not appear to take a significant number of corals.  One of the closest collection points of corals for the curio trade, Banc d’Ambouli, at the entrance of the port, was visited, and had healthy populations of the genera Acropora and Pocillopora, the main species taken for sale.



In the context of the other conservation issues related here, it seems advisable to try to reduce the marine curio trade through education and the establishment of protected areas – reducing demand by raising awareness.  Direct intervention to stop the supply of shells and corals may not be effective in the first instance, and is unlikely to show measurable improvements in coral reef health to help justify the interventions.  The resentment caused by direct action to stop the curio trade may have negative impacts on attempts to implement broader conservation measures, and the cost may be higher than benefits of stopping the trade.



5.6	Legislation



A number of laws already exist in Djibouti, designed to protect the environment (Appendix 8.2).  These are, however, not effectively enforced (CNE 1992).  In the long run, the laws should be reviewed to bring them up to date with effective legislation from similar countries.  However this review process should not delay enforcement of existing legislation that can limit environmental damage and loss of species.  Additionally, trials of some practical conservation efforts should take place in order to identify any legislative needs that are not served by current laws.  Legal review should also follow a broader ambit than the classical species and habitat protection mode, to include issues of community rights and private sector co-management.



5.7	Marine Protected Areas



The protection of reefs or parts of reefs in marine protected areas has emerged as the only broadly feasible method for protecting marine biodiversity and ecosystem integrity (White et al. 1994).  Single-species fisheries management methods are not generally applicable to tropical fish assemblages, as the complex interaction webs render single species models inadequate.  By preventing any and all extraction from limited areas of coral reef and coastline, the survival of reproductive stocks and local populations is more certain, whether combined with other fisheries management practices or not.



The number and size of MPAs needed to achieve conservation objectives is still a matter of debate.  In East Africa, approximately 10 km2 has been proposed as an optimum size for biological and socioeconomic reasons (McClanahan 1995).  The coral data collected here indicated that a large number of sites (sites sampled in this survey were on average at least 1 km apart between adjacent sites, and several tens of kilometers apart across and between regions), perhaps 15 – 20, should be protected, and these might be contained in 5 – 10 separate protected areas spread among the regions.  These protected areas should be on a scale of 3 – 10 km along a coastline (with a width of approximately 1 km or to a specific depth), and maybe 10 – 20 km2 for island systems.  Operationally, these suggested sizes should be translated into meaningful boundaries such that protected areas conform to natural boundaries and features that aid identification and compliance with the protected area boundary. 



The establishment of MPAs provides another critical aspect necessary for sustainable conservation: a unit for revenue generation.  As currently established, visitors to the Musha and Maskali reserves do not pay a fee for use of the sites.  Following the model of countries such as Kenya, differential park/reserve fees should be charged for nationals, expatriates, and foreign tourists, and the level of fees should not discourage use but encourage appreciation.  Additionally, there are various means of extracting fees, from gate entry points, to remittance by tourism operators.  It will not be possible to develop a sustainable protected area programme without the charging of entry fees, and this aspect should be seriously considered.  Alternative forms of revenue generation are a ‘tourism’ or ‘conservation’ tax on arrival in the country (as practiced in the Seychelles).  However since not all visitors to Djibouti do so for nature tourism, this is unlikely to be popular or practical.



The designation of protected areas can also serve regional and international conservation objectives.  Specific sites such as the Sept Frères, and the country as a whole, have regional and global conservation significance, thus national initiatives to establish protected areas can be supported through seeking regional (e.g. through PERSGA) and global (e.g. UNESCO-MAB Biosphere Reserve) designations for specific sites.



5.8	Private sector participation



The involvement of the private sector in conservation activities may be one of the most effective means for establishing working conservation projects.  Privately operated protected areas, both terrestrial and marine, are growing in popularity in other African countries (e.g. Tanzania, Seychelles, Kenya).  The principal benefits are that focussed attention can be paid to the specific conservation site by a group or community, beyond that which is feasible for a national government.  The high cost of establishing protected areas, and the logistical difficulties involved in management and maintenance, can often be better borne by a private group that has direct investment in income generation from the protected area.  Co-management arrangements to manage conservation activities, revenue allocation, cost-sharing, enforcement, and other aspects of management need to be worked out.



Private sector involvement is most feasible where tourism and conservation are linked to a specific and identifiable site.  This is the case with much of Djibouti’s beach-based and diving tourism, which focus on a handful of sites – Musha/Maskali, Khor Ambado, Arta Plage, and Sable Blanc.  Development at the first two sites has grown such that there are several tourist concessions at each.  Arta Plage does not have an active private concession operating.  Sable Blanc has the most developed concession, handling overnight stays by weekend visitors from Djibouti, with a single operator.  The owner of the ‘Centre Touristique de Sable Blanc’ was interviewed during the surveys, to investigate the perspective from the private sector on the potential for conservation co-management.  The interview and further ideas are summarized in Box 1, _____________________________________________________________________ could be established for any appropriate site resulting in several public-private partnerships ___________________________________________________________ early _____________ initiated quickly, without delaying the time necessary to work out the formal agreements with respect to enforcement, revenue and so on.  In fact, taking immediate steps in establishing these partnerships would be desirable in terms of building trust and relationships, and beginning the long and slow process of raising public education and awareness levels that must be achieved.



Many of the aspects outlined in _____ above have been implemented in some countries of the region.  For example, a group in the Florida Keys specializes in the transfer of mooring buoy technology to countries with coral reefs, and have done so for Kenya through the Kenya Wildlife Service.  Assistance in this technology could therefore be sought from a variety of sources.



5.9	Integrated Coastal Area Management (ICAM) and long term/regional perspectives



The discussion above on MPAs focuses on cases in which there is a single overriding use value, in this case, tourism.  Where there may be multiple conflicting interested user groups, along with the risks of impacts from more varied sources, such as tourism and fishing, urban development, chemical and nutrient pollution, solid waste pollution, and more, a broader approach to protected area management will be necessary.  ICAM is intended to be able to include consideration of all these different factors, and the land-sea interactions affecting them, to arrive at a consensual approach to the area under question. Establishment of ICAM sites is growing in popularity among developing countries (e.g. Kenya, Tanzania, Mozambique) and donors (eg. USAID, SAREC, UNEP, etc.), and is well suited to the development of common policies among neighbouring states.  This is already an objective of PERSGA, which is encouraging ICAM in Djibouti as well as other member sites.



The area most suited to an ICAM approach is the city of Djibouti and the coastline east and south to the Somali border.  A proposal for a protected area centered on the island of Ouaramous (Laurent 1987) has already been prepared, and it would seem an ideal starting point to begin a program in Djibouti town to establish management of urban waste, fisheries and tourism, leading in the long term to biodiversity conservation. 



5.10	Institutional and human capacity



The implementation of biodiversity conservation strategies requires a wide range of specialists and agencies.  It is necessarily a multi-sectoral approach and is dependent on the development of stable and efficient working relationships between government sectors and officials.  The elaboration of Memorandums of Understanding between departments has been found to be of great assistance in �Box 1:  Public-Private Sector Co-management for Marine Protected Areas. An example at Sable Blanc.

Sable Blanc is a white sand beach fronted by a continuous fringing reef in a broad cove, backed by volcanic cliffs.  It is a popular one-day and overnight weekend destination for Djibouti residents, accessible by boat and car.  There is a single tourist concession operating at Sable Blanc, the ‘Centre Touristique de Sable Blanc’, owned by Mr. Omar Hussein, that offers meals, eating shelters and mostly open-air sleeping on cots for visitors.  The section of reef immediately in front of the concession was found to be quite degraded, while adjacent parts of the reef not in the direct path of boats and swimmers were in good condition (Figure 6).  When interviewed, the concession operator expressed a keen interest in conservation and management of tourist impacts, having already included an ‘ecology page’ on his promotional brochure (Appendix 8.7).



We discussed potential areas for co-management from his perspective as a private operator, Table 20 outlining actions that could be undertaken to reduce tourist impacts and while improving conservation of the site and the overall ‘ecological experience’.  Items listed first are those possible immediately and with minimal formal arrangements between the government and private operator, moving upwards in complexity to levels requiring formal arrangements and appropriate legislation.  The objective of the table is to indicate actions that can be taken immediately to improve conservation, while laying the ground for negotiations for increased cooperation in co-management.  The table is also a model for other similar tourist locations, for example Musha/Maskali, Khor Ambado and Arta Plage.

�

Table 20: stages in co-management between government and private operators for a beach/reef visitor site.  ST – short term, MT – medium term, LT – long term.

Actions�Implementation�Government role�Private operator role�Additional factors��1. Mooring buoys – to stop anchor damage in front of concessions.�ST – use existing know-how.

MT – phased introduction of best techniques.�Provide mooring buoys and assist in procuring methodology.

Infrastructural support.�Placement and maintenance of mooring buoys.

Ensure use of buoys by boats�Informal agreement.

Technical assistance request internationally (Kenya, Florida).

.��2. Stop collection and breakage of corals, shells and all other live organisms at site.�ST – publicity, announcements.

MT – Development of enforcement mechanisms.�Announcement and publicity of protection status.

Backup enforcement to strengthen private operator.

Provision of ranger to act as deterrent.�Monitoring of collection and breakage, informing visitors not to do so, reporting to government if actions persist.

Hosting of government ranger.�Formal agreement between government and operators.

Publication and advertising of basic rules and regulations��3. Education and awareness programmes�MT – development of education messages and materials.

LT – training of educators.�Development of basic policy and regulations.

Course development.

Seek technical assistance in environmental education and materials development.�Contribution of local information, photographs, etc.

Points of dissemination and education, training of staff guides.�Technical assistance for education material development.��4. Protected area designation and boundary identification.�ST �– publicity on existing MPAs, enforcement.

MT – review process of existing and planned MPAs.

LT – biodiversity conservation strategy�Protected area policies, legislation and enforcement procedures.

Funding to survey and gazette protected area.

Staff.�Contribution of local information, knowledge to design of protected area.

Local base for cost-sharing with government.

Tourism promotion.�Biological surveys and mapping.

Legislation supporting co-management.��5. Revenue collection and reinvestment in local site.�MT – publicity and announcements, identify fees structure, develop revenue and accounting mechanisms.

LT – financial sustainability �Collection mechanisms and policies for use of funds.

Public accounting.�Contribution of facilities and staff assistance.

Investment/development experience and ideas.�Legislation and binding agreements.���Kenya, and these should be considered to assist implementation of Djibouti’s Biodiversity Conservation Strategy.  While different departments may be needed to undertake different aspects of a conservation strategy, it is advisable to enable each department to be as independent as possible in its role.



Adequate technical capacity in terms of management, scientific, and public participation/education is critical to the success of marine park management.  The strategy should include provision for a series of short courses to build the needed human capacity in the various appropriate government departments.  Examples of short courses could include: a) marine zoology and ecology for a monitoring/research team, b) education and participation skills for educators, c) management of protected areas for area wardens, etc.  



5.11	Marine monitoring and research



Management of a protected area system requires large amounts of ecological data.  Coral reef monitoring techniques are relatively simple, and can be taught to a core monitoring group of 5 – 6 scientists and technicians.  Basic field equipment for this monitoring team will be essential. Snorkeling and diving gear tailored to local needs and body sizes is required (fins, masks, wetsuits, regulators, buoyancy compensators), as are basic recording and survey supplies (underwater slates, transect lines, quadrats, etc.).  Each member of the monitoring team should have their own personal set of equipment assigned to them, which they are also responsible for maintaining.



A basic monitoring programme design to sample representative sites each year can be worked out to take approximately 1.5 to 2 months of working time annually, on a small budget catering for boat fuel, basic expenses and per diems.  Monitoring should be funded during the early phases of the Biodiversity project, in order to have sufficient information for the later stages involving selection of sites for protection, and assessment of post-protection effects.



5.12	Regional Considerations - PERSGA



Djibouti is a member state of the Programme for the Environment of the Red Sea and Gulf of Aden (PERSGA), which has as one of it’s objectives to develop regionally consistent strategies for environmental protection in the region.  A similar mission to investigate the health and diversity of Djibouti’s marine environments was made in April 1998 by consultants from Hunting Aquatic Resources (UK), funded by PERSGA (HAR 1998).  Recommendations from that mission focused on the regional importance of Djibouti’s marine environment, and priority actions at the regional level to safeguard it.  Recommendations of that mission directly supported by findings in this report include:



protection of the Sept Frères Islands as prime natural sites of local and regional importance and because of their vulnerability to exploitation and maritime accidents;

that in general Djibouti’s coral reefs are at THE meeting point of the 3 marine biogeographic regions encompassed by countries in PERSGA, that is the Red Sea, Indian Ocean and Arabian Sea.  The success and technical design of conservation strategies in Djibouti may thus play a critical role in maintaining biodiversity and marine environmental health and connectivity in the region; and 

at the opening of the Strait of Bab el Mandeb, Djibouti’s coast, and the Sept Frères Islands in particular, are particularly vulnerable to shipping-related threats, in particular oil spills, requiring the establishment of a regional strategy for preventing and mitigating the impacts of such disasters.





6	RECOMMENDATIONS



Biodiversity conservation is necessarily a long term undertaking and the ultimate objective behind the conservation of nature.  However other more utilitarian justifications for conservation, based on growing pressures among resource use types can provide short term and more practical goals for implementation and enforcement.  This report essentially calls for the identification of short term and pragmatic objectives and mechanisms for conservation that are consistent with the long term goal of biodiversity conservation.



Along with this call for pragmatism, it should be noted that much experience has been gained in other countries of the Red Sea and Indian Ocean in the success or failure of various conservation options in a variety of contexts.  Rather than seeking assistance of a more theoretical and technical nature from developed countries, conservation in Djibouti may most efficiently be addressed by practitioners and experience from countries within these regions



In terms of specific actions to be taken in Djibouti, the following are my major recommendations:



6.1	Marine Protected Areas



Conservation of Djibouti’s marine biodiversity will best be served by the full protection from all extraction and development of  a number of sites and locations.  Special areas for consideration include:

The Sept Frères Islands – these are the most unique portion of Djibouti surveyed during this mission.  Clearly established regulations for protection of some or all of the islands in the group will be necessary.  Priority islands would be I. Sud, I. Est and I. Grande, at the upstream end of the group with respect to influence from cold upwelling water.  No land-based exploitation or extraction should be allowed.

Musha/Maskali  -  similar in nature to the Saad ed Din island in Somalia, these have principal value as tourism sites with multiple purposes.  The designation of a single large multiple-use area including the whole bank systems and islands is recommended, with full-protection components corresponding to the 2 current reserves, and a variety of other zones to be determined during planning (e.g. tourist concession area, ornithological islands, etc., Figure 3).

Djibouti town and I. Ouaramous ICAM site – integrated approach to management of multiple threats to marine environment in an urban setting.

Gulf of Tadjourah, Ghoubet al Kharab and northern continental coast – an additional 3-5 locations in addition to the above three, using management models specifically tailored to the site (e.g. Sable Blanc, see Box 1).



Immediate actions:	– enforce existing Musha/Maskali protected area regulations.

		– adopt PERSGA proposals for protection of Sept Frères Islands, begin steps to develop protection guidelines and rules for users.



6.2	Management



The management of conservation of biodiversity will have to be developed along financially sustainable lines, requiring the establishment of revenue generating mechanisms and cost-sharing between government and the private sector.  Two practical approaches will assist in this direction:

Tourism-based management as a central feature of MPA design and structure, and

Establishment of mechanisms to encourage private sector participation and cooperation with the government



Immediate actions:	– establish mooring buoys at tourist visitation sites.

			– public education and awareness – brochures, school programs, radio/TV.



6.3	Fisheries



Fisheries are the single other most lucrative use of marine resources.  Tourism-based conservation and fisheries management must be made consistent with each other, with clearly established procedures and boundaries in case of short term conflict.  In the long term conservation is necessary for both fisheries and non-extractive uses.  Two main areas of consideration are critical:

The definition of the optimum tradeoff and balance point between sustainable fisheries yield and conservation goals

The establishment of fisheries catch monitoring systems coordinated with in-water monitoring of fish stocks and habitat health.



Immediate actions:	– initiate participatory mapping and monitoring with long time fishermen and instruction to trainee fishermen.



6.4	Monitoring/research training and equipment



The provision and use of basic information is a central need for protected area management and assessment of tourism and fisheries impacts.  This will require:

A small marine monitoring team of 5 to 6 members, with additional opportunities and capacity for research to further enhance their basic monitoring function.

The team should have multi-agency members to take advantage of staff in the various departments with appropriate biological and marine backgrounds.

A number of training courses must be planned to train the monitoring team in appropriate methods of data collection, analysis and assessment.  These should be designed as short, intensive courses to be held in Djibouti, and may cover topics such as marine zoology and ecology, diving/snorkeling, underwater research techniques



Immediate actions:	– establish timetable and financing to extend monitoring by counterparts trained in this mission to un-surveyed sites.

	– increase links between monitoring staff and local diving groups to improve diving abilities and survey dive sites.



6.5	Multi-sectoral approach and cooperation



As with the monitoring team outlined above, the Biodiversity Conservation Strategy should address the full range of multi-sectoral responsibilities, involving them in it’s formulation and subsequent implementation.  In order to provide both for overall coordination among agencies, and sufficient independence for each agency to work efficiently according to its’ own structures, the following arrangement might be appropriate

Each agency should take on specific roles in implementation of the above recommendations, 

memoranda of understanding outlining the modalities of cooperation should be written and signed, 

the establishment of a coordination committee with representation from each department, with a revolving chairmanship on a fixed term basis.







7	BIBLIOGRAPHY

(incomplete, to be cited by number in final report)



Allain C (1974) Mission d'information sur le developpement de la peche dans le territoire des Afars et des Issas. Institut Scientifique et Technique des Peches Maritimes, France. 



Barrat L, Medley P (1988) Assessment of the aquarium reef fishery in Djibouti. FAO Report (TCP/DJI/6755/A). 



Baumeister W (1997) Guide de la faune sous-marine. Mer Rouge, Ocean Indien.  Tome 1. Les invertebres. Edition Eugen Ulmer, Paris



Bouhlel M (1988) Poissons de Djibouti. RDA International, Inc., Placerville, CA, USA



Carwardine M (1995) Whales, dolphins and porpoises. Dorling Kindersley, LONDON



CNE (1991) Rapport National Environment. Comite National pour l'Environment, Djibouti, Programme des Nations-Unies pour le Developpement (PNUD).  Projet UNSO /INT/91/X12. 



CNE (1992) Programme d'Action pour l'Environment a Djibouti. Comite National pour l'Environment, Djibouti. 



Compagno LJV, Ebert DA, Smale MJ (1989) Guide to the sharks and rays of Southern Africa. New Holland Publishers Ltd., London



Coulombel, A. (1994). Coquillages de Djibouti. Edisud, La Calade, Aix-en-Provence, France. 143 pages



Done TJ (1992) Phase shifts in coral reef communities and their ecological significance. Hydrobiologia  247: 121-132



Estes JA, Smith NS, Palmisano JF (1978) Sea otter predation and community organization in the western Aleutian Islands. Ecology 59: 822-833



FAO (1982) Lutte contre les predateurs des algues rouges, Djibouti. Conclusions et recommandations du projet. FAO Report TCP/DJI/0101. 



Fraser-Brunner A (1949) Holacanthus xanthotis, sp. n. and other chaetodont fishes from the gulf of Aden. Proceedings of the Zoological Society of London 120: 43-48



Gilbert RT (anon.) Liste des poissons du golfe de Tadjoura. NTIS, Unreferenced sheets.



Glynn PW (1993a) Monsoonal upwelling and episodic Acanthaster predation as probable controls of coral reef distribution and community structure in Oman, Indian Ocean. Atoll Research Bulletin 



Glynn PW (1993b) Coral reef bleaching: ecological perspectives. Coral Reefs 12: 1-17



Gravier C (1910a) Sur les recifs coralliens de la Baie de Tadjourah et leurs Madreporaires: Gul of Aden. C. r. hebd. Seanc. Acad. Sci. Paris 151: 650-652



Gravier C (1910b) Sur quelques formes nouvelles de Madreporaires de la Baie de Tabdjourah: Gulf of Aden. Bull. Mus. natn. Hist. nat. Paris 16: 273-276



Gravier C (1910c) Sur quelques particularites biologique des recifs madreporiques de la Baie de Tadjourah: Gulf of Adean. C.r. Ass. Avanc. Sci. 39: 167-169



Gravier C (1911) Les recifs de coraux et les madreporaires de la Baie de Tadjourah: Gulf of Aden. Ann. Inst. Oceanogr. Paris 2: 99



Hamilton HGH, Brakel WH (1984) Structure and coral fauna of East African reefs. Bull. Mar. Sci. 34: 248-266



Hawkins J, Roberts C (1992) Effects of recreational SCUBA diving on fore-reef slope communities of coral  reefs. Biological Conservation 62: 171-178



Horrill J (1996) A rationale for a strategy for the rapid assessment of coral reefs to meet the needs of Integrated Coastal Zone Management: developed for Tanga region, Tanzania. IUCN-East Africa Regional Office.



Hsieh C-I, Ormond R, Obura D (in press) Coral Bleaching in the Indian Ocean Region Related to Increased Sea Surface Temperatures. In McClanahan T, Sheppard C,Obura D (ed) Coral Reefs of the Indian Ocean.  Oxford University Press, 



Hunting Aquatic Resources 1998. Preliminary report, PERSGA mission to Djibouti



ISTPM (1973) Programme 1973.  Territoire Francais des Afars et des Issas. Institut Scientifique et Technique des Peches Maritimes, France (IPM.5). 



IUCN (1997) Preliminary ecological assessment of the Saardin Islands, Awadal region. IUCN Eastern Africa Programme. 



Kemp J, Obura D (in press)  Reefs of Northern Somalia and the Socotra Archipelago (Box 9.1). In McClanahan T, Sheppard C,Obura D (ed) Coral Reefs of the Indian Ocean.  Oxford University Press, 



Kemp JM (1997) Zoogeography of the coral reef fishes of the Socotra Archipelago. Coral Reef Fish. Soc. Unpublished : 1-27



Korrubel J (in press) Crown of thorns (Acanthaster planci) in the Indian Ocean. In McClanahan T, Sheppard C,Obura D (ed) Coral Reefs of the Indian Ocean.  Oxford University Press, 



Kunzel T, Darar A, Vakily J (1996) Composition, biomasses et possibilites d'exploitation des ressources halieutiques Djiboutienes.  Tome 1. Analyse. Ministere de l'Agriculture et de l'Hydraulique, Direction de l'Elevage et des Peches, Djibouti.  Deutsche Gesellschaft fur Technische Zusammenarbeit (GTZ), Deutschland. 



Laurent A, Abdallah AM (1990) L'environment naturel a Djibouti.  Constats et tendences. Ministere du Commerce, des Transports et du Tourisem, Office National du tourisme dt ed l'Artisanat. 



Lieske E, Myers R (1994) Coral Reef Fishes: Caribbean, Indian Ocean and Pacific Ocean, including the Red Sea. Harper Collins, London



McClanahan TR (1995) A coral reef ecosystem-fisheries model: impacts of fishing intensity and catch selection on reef structure and processes. Ecol. Mod. 80: 1-19



McClanahan TR, Shafir SH (1990) Causes and consequences of sea urchin abundance and diversity in Kenyan coral reef lagoons. Oecologia 83: 362-370



Moal RA, Grateau J (1967) Peches en Territoire Francais des Afars et des Issas. Bulletin de la Societe d'Etudes de l'Afrique Oriental (POUNT) 3: 17-24



Moran PJ (1986) The Acanthaster Phenomenon. Annual Review of Oceanography and Marine Biology 24: 379-480



Pichon M (1989) Rapport sur l'etat des recifs coralliens de 'djibtou (effets de l'etoile de mer Acanthaster planci). Institut Superieur d'Etudes et de Recherches Scientifiques et Techniques (ISERST), Djibouti, Mission Francaise de Cooperation. 



Randall JE (1982) The diver's guide to Red Sea reef fishes (waterproof edition). Immel Publishing, London



Randall JE (1992) Divers' guide to fishes of Maldives. Immel Publishing, London



Richmond MD (1997) A guide to the Seashores of Eastern Africa and the Western Indian Ocean islands. Sida/Department for Research Cooperation, SAREC, Sweden, Stockholm



Robin A (1972) Conchyliologie en Territoire Francais des Afars et des Issas. Bulletin de la Societe d'Etudes de l'Afrique Orientale (POUNT) 11: 31-44



Robineau, D. and Rose, J.M. (1982) Le dugong (Dugong dugon Muller, 1776) Sirenia Dugongidae] en Republique de Djibouti. Biological Conservation 24: 233-238



Robineau, D. and Rose, J-M (1984). Les Cetaces de Djibouti. Bilan des connaissances actuelles sur la faune cetologique de la mer Rouge et du golfe d\rquote Aden. Bull. Mus. Natn. Hist. Nat. (Paris). 4eme serie, 6, section A, no. 1: 219-249

 

Rosen BR (1971) Principal features of reef coral ecology in shallow water environments of Mahe, Seychelles. Symp. Zool. Soc. Lond. 28: 163-183



Salm R, Dobbin J (1987) A coastal zone management strategy for the Sultanate of Oman. Coastal Zone '87 97-106



Sheppard C, Price A, Roberts C (1992) Marine Ecology of the Arabian Region. Academic Press, London



Sheppard C, Salm R (1988) Reef and coral communities of Oman, with a description of a new coral species (Order Scleractinia, genus Acanthastrea). Journal of Natural History 22: 263-279



Sheppard CRC, Sheppard ALS (1991) Corals and Coral Communities of Arabia. FAUNA OF SAUDI ARABIA, Saudi Arabia



UNEP (1997) Report of the expert assessment and evaluation mission to Baixos de Inhampura Reef, Mozambique. United Nations Environment Programme - Water Branch. 



UNEP (1998) Rapid Assessment Of Coral Reef Biophysical And Socioeconomic Conditions in the Kiunga Marine Reserve, Kenya: Methods Development and Evaluation.  . Obura, David, Julie Church, Hussein Mwadzaya, Elizabeth Wekesa, and Nyawira Muthiga.  FAO/UNEP. 



Veron J (1986) Corals of Australia and the Indo-Pacific. Australian Institute of Marine Science, 



White AT, Hale LZ, Renard Y, Cortesi L (1994) Collaborative and community-based management of coral reefs. Kumarian Press, West Hartford



Djibouti Marine Assessment, Draft Report. 12 December 1998	Page � PAGE �11�

Dr. David Obura







Djibouti Marine Assessment, Draft Report. 12 December 1998	Page � PAGE �14�

Dr. David Obura



Djibouti Marine Assessment, Draft Report. 12 December 1998	Page � PAGE �13�

Dr. David Obura







Djibouti Marine Assessment, Draft Report. 12 December 1998	Page � PAGE �31�

Dr. David Obura







Djibouti Marine Assessment, Draft Report. 12 December 1998	Page � PAGE �39�

Dr. David Obura








