
I

United Nations .  World 
Educational, S cientific  and • Heritage 

C ultural O rganization .  Convention

Assessing Marine World Heritage 
from an Ecosystem Perspective
The Western Indian Ocean



Assessing Marine World Heritage 
from an Ecosystem Perspective
The Western Indian Ocean



Published In 2012 by the United Nations Educational, Scientific and Cultural Organization 

7, place de Fontenoy, 75352 Paris 07 SP, France 
©  UNESCO 2012

All rights reserved

ISBN 978-92-3-001072-0

The designations employed and the presentation o f material th roughou t this publication do not Imply the expression o f any opinion 
whatsoever on the part o f UNESCO concerning the legal status o f any country, territory, city or area or o f Its authorities, or concerning 

the de lim itation o f Its frontiers o r boundaries.

The Ideas and opinions expressed In this publication are those o f the authors; they are not necessarily those o f UNESCO and do not 
com m it the Organization.

Cover pho to : ©  Keith Ellenbogen

Supervision and coord ina tion :
Fanny Douvere, UNESCO W orld Heritage Centre 
Agne Bartkute, UNESCO W orld Heritage Centre

Authors:
David Obura, CORDIO 
Julie Church, CORDIO 
Catherine Gabrlé

Denis Macharla, CORDIO (map assistance)

Overall coo rd ina tion : Fanny Douvere

C oordination o f  th e  W orld  Heritage Papers Series: Vesna Vujlclc-Lugassy, UNESCO W orld Heritage Centre 

Graphic layout: Jean-Luc Thierry

Prefered Reference: Obura, D.O., Church, J.E. and Gabrlé, C. (2012). Assessing Marine World Heritage from an Ecosystem Perspective: 
The Western Indian Ocean. W orld Heritage Centre, United Nations Education, Science and Cultural Organization (UNESCO). 124 pp.

W ebsite: http://w w w.vllz.be/projects/m arlnew orldherltage

^lUCN This pub lica tion is made in consu ltation  w ith  IUCN.

W orld  Heritage Centre 
UNESCO
7, place de Fontenoy 
75352 Paris 07 SP France 
Tel.: 33 (0)1 45 68 15 71 
Fax: 33 (0)1 45 68 55 70 
W ebsite: http://whc.unesco.org

This publication and the expert meeting was made possible thanks 

to  the ongoing support to  the W orld Heritage Marine Programme by the governm ent o f Flanders (Belgium)

WITH THE SUPPORT OF 
THE FLEMISH GOVERNMENT

Additional support to  this publication and the expert meeting was provided by the French Marine Protected Area Agency.

a i r e s  m a r i n e s  p r o t é g é e s

The W orld Heritage Centre Is gratefu l fo r the long-term  support to  Its Marine Programme provided by the Tides o f Time partners:

«J a e g e r -le C o u l t r e » intcrnntion.il Hcralb Eribnnc
THE GLOBAL EDITION Of THE NEW YORK TIMES

http://www.vllz.be/projects/marlneworldherltage
http://whc.unesco.org


Preface

This year is the 40th anniversary o f the W orld Heritage Convention. The W orld Heritage 
Committee, the statutory body In charge o f the protection o f the 936 properties on the 
W orld Heritage List, has recognized tha t the List does not yet fu lly represent all types o f 
cultural and natural heritage which are o f Outstanding Universal Value.

In 1994, the W orld Heritage Committee launched a Global Strategy for a representative, 
balanced and credible W orld Heritage List. The Strategy suggests avoiding an over-represen- 
tatlon o f a small number o f regions or categories and ensuring tha t the World Heritage List 
reflects the broad diversity o f the world's cultural and natural areas o f OUV. An Important 
contribution to the Global Strategy Is the effort to encourage nomination o f properties from 
categories and regions currently not or underrepresented on the World Heritage List.

One hundred and eighty-nine nations are now "States Parties" to  the W orld Heritage 
Convention and therefore eligible to  submit nominations for sites, Including marine areas, 
to be considered for W orld Heritage listing to the W orld Heritage Committee. First, each 
country makes an Inventory o f sites located w ith in  Its boundaries for Inclusion on the 
Tentative List o f sites tha t a State Party may decide to submit for Inscription In the next 
5 -10 years. The W orld Heritage Committee cannot consider a nomination fo r Inscription 
on the W orld Heritage List unless the property has already been Included on the State 
Party's Tentative List.

Contrary to the traditional country-by-country approach, marine W orld Heritage regulres 
reflection o f marine features at larger scales meaningful from an ecosystem perspective. 
Marine ecosystems almost always transcend national boundaries. In anticipation o f 
Increased Interest globally In designating new marine W orld Heritage sites, this project was 
established to test a more scientific and robust approach to Identify marine sites o f poten­
tial OUV. The project Initiated a new approach In the Western Indian Ocean, an area largely 
under the jurisdiction o f African countries and w ith  unlgue and age-old geological 
processes currently under-represented on the W orld Heritage List.

The recent expert workshop and this report examined potential areas o f OUV In the 
Western Indian Ocean. The results w ill enable the States Parties, the W orld Heritage 
Committee, and the W orld Heritage Centre, to take actions to address the need for 
enhanced protection and sustainable management o f marine ecosystems In the Western 
Indian Ocean.

Kish ore Rao
Director

UNESCO W orld Heritage Centre



Introduction

Since about 70%  o f the world's surface area Is ocean, marine areas are generally under­
represented In the World Heritage List. In 2005 the World Heritage Marine Programme was 
established In part w ith  the aim o f ensuring tha t marine sites w ith  Outstanding Universal 
Value are Inscribed on the W orld Heritage List and protected so future generations can 
continue to enjoy them. Following the 1994 Global Strategy, a major focus o f the Marine 
Programme Is to support States Parties w ith  the Identification o f sites In all major marine 
regions and marine ecosystem types In a balanced, credible and representative manner.

Marine ecosystems support much o f the world's goods and services and provide Invalu­
able economic benefits, yet less than five percent o f sites on the W orld Heritage List are 
nominated for marine heritage values at this time. Recent reports on the state o f marine 
ecosystems and the ir resources provide alarming Indications on their condition. For 
example, coral reefs and associated mangrove forests and sea grass beds are severely 
threatened from  a com bination o f human activities and natural Influences, e.g. climate 
change. Urgent action Is needed to  revert the decline o f these globally significant diverse 
and productive marine ecosystems.

Forty-five marine sites have now been Inscribed on the World Heritage List, covering about 
1.5 million km2 o f the ocean surface -  an area about the size o f the Gulf o f Mexico. Each 
o f these 45 sites represents exceptional features In the ocean that are recognized by the 
International community for their outstanding natural beauty, extraordinary biodiversity, or 
unlgue ecological, biological and geological processes. However, on a planet where more 
than 95%  o f all living space Is located In the ocean, a huge am ount o f our heritage Is still 
le ft undiscovered.

The World Heritage Convention Is an Im portant tool to  bring attention and protection for 
these unlgue marine ecosystems as they are a compelling Illustration o f major types of 
natural heritage not sufficiently represented on the W orld Heritage List.

This report builds on previous efforts to navigate a long-term future for the World Heritage 
Marine Programme and to facilitate the process o f replicating regional assessments In other 
marine ecoreglons.

To access this report visit this weblste: http://www.vllz.be/projects/m arlneworldherltage/.

Dr. Fanny Douvere
Coordinator 

Marine Programme 
UNESCO W orld Heritage Centre

http://www.vllz.be/projects/marlneworldherltage/
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Abbreviations

ABNJ Areas Beyond National Jurisdiction 
CBD Convention on Biological Diversity

CCAMLR Commission for the Conservation o f Fauna and Flora o f Antarctic Marine Living Resources
CNPPA Commission on National Parks and Protected Areas

COI Commission de l'Océan Indien (in English -  Indian Ocean Commission, IOC)
DWFN Distant-water fishing nations 
EACC East African Coastal Current 
EBSA Ecologically and Biologically Significant Area 

EEZ Exclusive Economic Zone
GSP Global Seabird Programme (BirdLife International)
IBA Im portant Bird Areas 

ICZM Integrated Coastal Zone Management 
IOS Indian Ocean Sanctuary 

IP Indo-Pacific
IUCN International Union for the Conservation o f Nature 

K-T Cretaceous-Tertiary boundary 
KBA Key Biodiversity Areas 

KMNR Kiunga Marine National Reserve 
LIP Large Igneous Province 

MAB Man and the Biosphere 
MBREMP Mnazi Bay-Ruvuma Estuary Marine Park 

MC Mozambigue Current 
MEOW Marine Ecoregions o f the W orld 

MPA Marine Protected Areas 
mya millions o f years ago 

OUV Outstanding Universal Value 
RAMP -  COI Réseau des Aires Marines Protégées, project o f the Indian Ocean Commission 

ROV Remotely Operated Vehicles 
SC Somali Current 

SEC South Eguatorial Current 
SWIO South West Indian Ocean
TAAF French Southern and Antarctic Lands (Terres australes et antarctigues françaises)
UNEP United Nations Environment Program 

UNESCO United Nations Education, Science and Cultural Organization 
WCPA W orld Commission on Protected Areas 
WEIC W orld Eleritage Convention 
WIO Western Indian Ocean 

WIOMER Western Indian Ocean Marine Ecoregion 
WIPR West Indo-Pacific Realm 
WPC W orld Parks Congress

WWF W orld W ild life Fund (World W ide Fund for Nature in some countries) 
ya years ago
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Executive summary and conclusions
The 1972 W orld Heritage Convention  conserves and 
protects cultural and natural heritage o f Outstanding 
Universal Value (OUV). Today, the W orld Heritage List 
contains 936 terrestrial and marine sites, In 153 countries. 
W orld Heritage natural sites protect almost 2.5 million km2 
o f the planet's lands and waters. Because o f the recent 
addition o f large marine sites to  the W orld Heritage List, 
some 57 per cent o f the total area Is marine, though In only 
45 sites (5% o f the number o f W orld Heritage sites).

In anticipation o f Increased Interest globally In designating 
new marine W orld Heritage sites, this project was estab­
lished to  p ilot a more scientific and robust approach to 
Identify marine sites o f potential OUV. Contrary to the tradi­
tional country-by-country approach, marine World Heritage 
regulres reflection o f Its features at larger scales meaningful 
from an ecosystem perspective. This project Initiated a new 
approach In the Western Indian Ocean, an area largely 
under jurisdiction o f African countries and w ith  unlgue and 
age-old geological processes currently under-represented 
on the W orld Heritage List.

This report has four main parts -  the first provides basic 
guidance on W orld Heritage for the region and In relation 
to marine systems, the second outlines the methodology 
applied and tha t can be undertaken In future regional 
assessments elsewhere, and the third and fourth Identify 
the features and sites In the Western Indian Ocean that this 
study determined to be o f potential OUV. For a more Inter­
active view o f the contents o f the report, and further devel­
opm ents In marine W orld Heritage, visit the website 
http://www.vllz.be/ projects/marlneworldherltage/.

The methodology followed three main steps, using data 
and Information already available as peer-review scientific 
publications, grey literature reports, and expert know l­
edge, and w ith  particular attention to historical blogeo- 
graphlc and biodiversity analyses. These steps were: 1) 
Identification o f the appropriate blo-reglonal scale at which 
to apply the assessment; 2) Identification o f the key phys­
ical and biological features tha t distinguish the region 
compared to  others globally; and 3) Identification o f the 
sites In the region tha t exemplify these features, and that 
are o f sufficient Integrity and scale to meet the criteria of 
OUV. This exercise was undertaken first by the project 
team, and the results validated and reviewed through a 
carefully composed regional expert conference and Indi­
vidual consultations.

Two principal features stand ou t as globally unlgue In the 
Western Indian Ocean -  the Mozamblgue Channel and the 
Mascarene Plateau. They are both distinct elements o f the 
geological history o f the Indian Ocean basin, going back 
>150 million years for the Mozamblgue Channel, and 40 
million years for the Mascarene Plateau. They fundamen-

W estern Central
Indo-Pacific Indo-Pacific

Temperate
Southern Africa Temperate

Australiasia

The W estern  Indo-P ac ific  Realm (WIPR) encloses th e  
W estern Indian Ocean (WIO). P roxim ity  to  th e  Central 
Indo-Pacific to  the  east, and to  Temperate Southern Africa 
to  th e  south a ffect th e  b iogeography o f th e  WIPR and

th e  WIO. © S pald ing et al. 2007

tally affect the currents that drive all marine ecosystems and 
species, on evolutionary and ecological scales. Due to the 
location o f Madagascar and the Mascarene Plateau In the 
path o f the South Eguatorlal Current, and o f the Aslan 
monsoon system w ith  Its opposing trade w inds, the 
Western Indian Ocean experiences a highly energetic and 
seasonally variable western boundary current system found 
nowhere else on the planet. Because o f the geographic size 
o f both o f these areas, they could be considered as serial 
trans-boundary sites containing multiple smaller-scale sites 
tha t are essential components o f the whole.

The Mozamblgue Channel experiences a highly energetic 
and variable regime o f meso-scale circular currents (eddies, 
approx. 100-300 km across) tha t cause water to flow  In all 
directions -  north, south, east and west -  and fundam en­
tally affect the diversity and productivity o f marine ecoys- 
tems w ith in  the channel. The coral reefs In the northern 
channel are the most diverse In the Indian Ocean (save for 
those parts bordering Indonesia), and represent a second 
hotspot o f tropical marine biodiversity globally. The open- 
water food webs In the channel are highly productive and 
dynamic, resulting In concentrations o f fish, turtles, marine 
mammals and seabirds tha t are critical for the species 
themselves and are spectacular natural phenomena. They 
also support the coastal and national economic activities of 
the bordering countries, through sectors such as fisheries 
and tourism. The Mozamblgue Channel and East African 
coast are the prime habitat o f the coelacanth, a 'living 
fossii' tha t Illustrates the long term stability o f this region.

Sites w ith in  the Mozamblgue Channel are presented In the 
report as examples tha t express some aspect o f the geolog­
ical and/or oceanographic features tha t make the channel 
unlgue globally, combined w ith  biological features best 
represented at the Individual sites. States Parties w ith  juris­
d ic tion  over these sites (M ozam blgue , Madagascar, 
Comoros, Tanzania and France) may fo llow  a traditional 
approach o f single-state nominations to the World Heritage

http://www.vllz.be/
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The M ozam bique Channel and th e  Mascarene Plateau are 
th e  tw o  principal features o f the  WIO th a t are unique on 

a global scale. ©topex; http://topex.ucsd.edu/marine_topo/

List, or develop an Innovative inter-governmental approach 
tha t could establish a m ulti-country  serial site in the 
Mozambique Channel.

The Mascarene Plateau, being more remote than the 
Mozambique Channel, and w ith emergent land and small 
islands only at its southern extreme, is less well-known, but 
w ith indications o f unique oceanographic features and habi­
tats, Including the largest seagrass beds in the world, species 
endemism and significant aggregations o f marine mammals 
and seabirds. Mauritius and the Seychelles have individual or 
jo in t jurisdiction over the waters and entire seabed o f the 
plateau, though the waters over the Saya de Malha Bank are 
beyond national jurisdiction and in the High Seas.

Additional unique features and areas mentioned in the 
report (Kiunga-Lamu archipelago, Kenya; Antongil Bay, 
Madagascar; the Kwazulu-Natal Sardine Run, South Africa; 
and the Kerguelen-Crozet archipelagos) are more consis­
ten t w ith  traditional approaches to W orld Heritage site 
designation, as they fall w ith in  national jurisdictions. In 
addition, three o f them are in transition zones to neigh­
bouring blogeographlc zones, and may be considered in 
other regional assessments. Other sites w ith in  the region 
could potentia lly  qualify to  meet the W orld Heritage  
Convention criteria o f OUV but may not have been identi­
fied In this report because they are likely less unique when 
compared to  other regions in the world.

Importantly for the region, and potentially foretelling the 
future o f marine W orld Heritage, the tw o primary areas 
identified -  the M ozambique Channel and Mascarene 
Plateau -  show the opportunity fo r inter-governmental 
cooperation and set a precedent toward a more comprehen­
sive approach when Identifying potential new marine sites. 
An ecosystem approach -  as opposed to the more traditional 
country-by-country approach -  can considerably enhance 
future conservation o f exceptional marine features on the 
World Heritage List because this approach Is more mean­
ingful from an environmental perspective. For both areas,

the Nairobi Convention (for the Protection, Management 
and Development o f the Marine and Coastal Environment o f 
the Eastern African Region) Is the prime vehicle for intergov­
ernmental cooperation in marine affairs, and all countries in 
the region are party to both the World Heritage and Nairobi 
Conventions. For the Saya de Malha bank, In addition to the 
Nairobi Convention, Initiatives under the Convention on 
Biological Diversity and the United Nations Law o f the Sea 
offe r avenues fo r m ulti-country cooperation and new 
approaches to High Seas governance. Through this report 
we aim to enhance knowledge and understanding among 
the States Parties In the Western Indian Ocean o f the poten­
tial for marine World Heritage sites tha t lie w ith in their juris­
diction. Next steps will focus on working w ith the respective 
States Parties to explore w ith them potential inscription of 
the respective sites which are identified as likely o f OUV 
through this science-based approach.

POTENTIAL AREAS IDENTIFIED IN THIS REPORT

The M ozam bique Channel
Qulrlmbas -  Mtwara 
Northern Madagascar 
The Comoros -  Glorieuses crescent 
The Iles Éparses (Scattered Islands)
Tofo -  Bazaruto 
Madagascar Plateau 

Mascarene Plateau 
Saya de Malha bank 

O ther sites 
Kiunga -  Lamu archipelago 
The KwaZulu -  Natal sardine run 
A ntongil Bay
French Southern Territories (Crozet, Kerguelen, 
Saint Paul and Amsterdam)

Map showing sites w ith in  th e  M ozam bique Channel.

©David Obura
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Understanding Marine World Heritage

Marine World Heritage

Background

The 1972 World Heritage Convention aims at the conserva­
tion and protection o f cultural and natural heritage of 
O utstanding Universal Value (OUV). Today, the W orld 
Heritage List contains 936 terrestrial and marine sites 
Including 725 cultural, 183 natural, and 28 'm ixed' proper­
ties, recognized for their universal cultural and/or natural 
values, in 153 countries. The W orld Heritage natural sites 
protect over 2,420,000 km2 o f the planet's land and marine 
waters. Of this total 643,000 km2 are inland lands (27 per 
cent), 385,000 km2 are coastal and island lands (16 per 
cent) and 1,380,000 km2 are located in marine waters 
(57 per cent). The first marine W orld Heritage site was 
Australia's Great Barrier Reef, inscribed in 1981. Now there 
are 45 W orld Heritage sites listed specifically for their 
marine values, including many o f the largest and most pris­
tine marine protected areas on the planet (Map 1).

Purpose of this project

The objective o f this project Is the development o f a 
regional comparative assessment fo r potentia l marine 
W orld Heritage sites In the Western Indian Ocean, In 
support o f the 1994 Global Strategy toward a balanced, 
c re d ib le  and re p re s e n ta tiv e  W o rld  H e rita g e  List. 
Traditionally, identification and prioritization o f sites for 
W orld Heritage listing Is done at national scales, but recent 
trends in identification o f marine phenomena and sites for 
conservation underline the need for supra-national, or 
regional scales fo r site identification and eventually for 
management and governance. This regional comparative 
assessment focuses on the identification and description of 
features o f unique value In the Western Indian Ocean, a 
distinct blogeographlc region. The aim was to apply a 
science-based approach to the assessment o f an entire 
marine province or blome, and to develop a fram ework 
that w ill later be applicable to other marine regions that are 
also under-represented on the W orld Heritage List. Based 
on the regional scale assessment, specific sites w ith  poten­
tial OUV, tha t represent the most superlative expression of 
these values were identified, w hether they Ile w ith in  
national boundaries (Exclusive Economic Zones, EEZs) or 
beyond them in high seas areas.

The assessment Incorporated results from a regional expert 
conference, that had tw o  objectives; 1 ) to provide a general 
introduction to the World Heritage Convention and aspects 
relevant to marine inscription, for government officials, 
W orld Heritage focal points and experts o f the region 
(primarily from African countries), and 2) to receive scien­
tific  expert assessment o f marine sites In the Indian Ocean 
to Identify which could be o f OUV.

The Western Indian Ocean (WIO) is defined blogeographl- 
cally In later sections, and includes the fo llow ing countries, 
all States Parties to  the World Heritage Convention (year of 
ratification/accession in brackets): Comores (2000), France 
(La Réunion, Mayotte and Isles Eparses) (1975), Kenya 
(1991), Madagascar (1983), Mauritius (1995), Mozambique 
(1982), Seychelles (1980), South Africa (1997) and Tanzania 
(1977). This region Is also consistent w ith  the area Identi­
fied by the UNEP Regional Seas programme, which has 
been formalized by the countries through their ratification 
o f the Nairobi Convention (Protection, Management and 
Development o f the Marine and Coastal Environment of 
the Eastern African Region).

The World Heritage Marine Programme

In 1994, the W orld Heritage Committee launched the 
Global Strategy for a representative, balanced and credible 
W orld Heritage List. The Strategy aims at avoiding an over- 
representatlon o f a small selection o f regions or categories 
and ensuring tha t the W orld Heritage List reflects the 
broad diversity o f the world's cultural and natural areas o f 
OUV. Crucial to  the  G lobal S tra tegy are e ffo rts  to  
encourage nomination o f properties from categories and 
regions currently not or underrepresented on the World 
Heritage List.

Considering tha t the world exists for 70%  ou t o f ocean, 
marine systems are generally under-represented in the 
W orld Heritage List. In 2005 the W orld Heritage Marine 
Programme was established in part w ith  the aim o f 
ensuring tha t marine sites w ith  OUV are inscribed on the 
W orld Heritage List and well protected so future genera­
tions can continue to  enjoy them. Following the Global 
Strategy, a major focus o f the Marine Programme is to 
support States Parties w ith  the Identification o f sites in all 
major marine regions and marine ecosystem types in a 
balanced, credible and representative manner.

The following meetings and documents have set out a path 
for the growing Marine Programme, on which this report 
builds:

1.The "W orld Heritage marine biodiversity workshop: 
Filling critical gaps and promoting multi-site approaches 
to new nominations o f tropical coastal, marine and 
small island ecosystems" held in Hanoi, Viet Nam, in 
2002;

2. The "Bahrain Action Plan for Marine W orld Heritage -  
Identifying priorities and enhancing the role o f the World
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Heritage Convention in the IUCN-WCPA Marine Global 
Plan o f Action for MPAs in our Oceans and Seas" held in 
the Kingdom o f Bahrain, February 2009;

3. An IUCN thematic study on Marine W orld Heritage -  
meeting organized by IUCN and the WHC In Vllm 
(Germany) on scaling up Marine W orld Heritage, 30 
June-4 July 2010;

4. A  strategy for the future from the meeting, "Navigating 
the Future o f Marine W orld Heritage. Results from the 
first W orld Heritage Marine Site Managers M eeting" in 
Honolulu, Hawaii, 1-3 December 2010;

5. A  preliminary analysis on marine representation as a 
basis for building up a representative and credible port­
folio o f marine W orld Heritage sites using the widely 
recognized Marine Ecoreglons o f the W orld (MEOW) 
classification, Spalding 2007.

This report has been prepared to  be consistent w ith  these, 
and to facilitate the process o f replicating regional assess­
ments In other marine ecoregions in the future.

The High Seas

The W orld Heritage Convention applies to  waters w ith in 
EEZ's, but does not apply to the seas beyond national juris­
diction. About 60 per cent o f the ocean (221 million km2) 
lies in the High Seas, and cannot be claimed by any nation. 
While it belongs to all, its effective protection has yet to be 
achieved, and nations have not yet agreed on how this may 
best be done. No existing mechanism has the legal power 
to protect effectively this enormous expanse w ith  its rich 
biodiversity. A t present, efforts are underway to establish 
governance mechanisms for the high seas, including for 
conservation.

The High Seas are home to  the great whales, sea turtles, 
seabirds, tuna and deep-dwelling fishes and other animals 
tha t lead long, slow-m otion lives in the eternal dark. 
Muddy plains, coral-capped seamounts and vents all give 
rise to unigue marine life found nowhere else on the 
planet. It is said tha t less is known about the High Seas 
species and ecosystems than about the moon, so there is 
an urgent need to protect this poorly known common 
heritage, and fill the large gaps o f areas as yet unexplored 
and unmapped. The World Heritage Marine Programme, in 
cooperation w ith  IUCN is currently undertaking first steps 
toward the application o f the concept o f OUV to areas 
beyond national ju risd ic tion  -  a f irs t comprehensive 
response to the 2011 External Audit's recommendations of 
the Global Strategy.
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The World Heritage Convention and its operations

Roles and responsibilities

The C o n ve n tio n  con ce rn ing  th e  P ro te c tion  o f th e  
W o rld 's  C u ltu ra l and N a tu ra l H e ritag e , adopted in 
1972 and com m only know n as the  W orld  Heritage  
Convention was founded on the premise tha t certain 
places on Earth are o f OUV and as such should form part 
o f the common heritage o f humanity. As o f March 2012, 
the convention has been ratified by 189 countries, the 
States Parties to  the  C onvention . Operationally, the 
fo llow ing groups play a role in managing and conserving 
W orld Heritage sites:

The States Parties -  In ratifying the Convention, countries 
take on obligations to identify and protect sites nominated 
to the W orld Heritage List, and to  protect their national 
heritage, both natural and cultural. The States Parties are 
also encouraged to integrate the sites into the day-to-day 
life o f the public, and support scientific and technical 
conservation research. Countries must also report regularly 
to the W orld Heritage Committee on the state o f conserva­
tion o f their W orld Heritage properties. These reports are 
crucial in assessing the condition o f the sites, provide 
support to the site managers and resolve recurrent prob­
lems. Each country has a formal W orld Heritage represen­
tative, the N a tion a l Focal P oint, mandated w ith  imple­
menting Convention activities w ith in  the country, and 
being the channel for information between the Secretariat, 
countries and other stakeholders.

The W o rld  H e ritag e  C o m m itte e  Is the decision making 
body fo r all W orld Heritage matters and consists o f repre­
sentatives from 21 o f the States Parties to  the Convention 
elected by the General Assembly o f the Convention. The 
Committee meets once a year, and the Bureau o f the 
W orld Heritage Committee is made up o f 7 o f the States 
Parties elected by the Committee, and coordinates the 
work o f the Committee. The General Assem bly o f States 
Parties to  th e  C onve n tion  meets during the sessions o f 
the General Conference o f UNESCO, the primary mecha­
nism drawing the countries together for decision making 
and approving the w ork programmes o f the operational 
elements im plementing the Convention.

The W o rld  H e r ita g e  Fund Is established under the 
Convention, from compulsory and voluntary contributions 
from the States Parties, as well as from private donations. 
Annually, about US$4 million Is made available to assist 
States Parties in identifying, preserving and promoting 
W orld Heritage sites. Emergency assistance may also be 
made available for urgent action to repair damage caused 
by human-made or natural disasters. The W orld Heritage 
Committee allocates funds according to the urgency of 
reguests, priority being given to the most threatened sites.

The W o rld  H eritage  Centre, established In Paris In 1992, 
Is the focal point and coordinator w ith in  UNESCO for all 
matters related to W orld Heritage. Ensuring the day-to-day 
management o f the Convention, the Centre organizes the 
annual sessions o f the W orld Heritage Committee, provides 
advice to States Parties In the preparation o f site nomina­
tions, organizes International assistance from the World 
Heritage Fund upon reguest, and coordinates both the 
reporting on the condition o f sites and the emergency 
action undertaken when a site is threatened. The Centre 
also organizes technical seminars and workshops, updates 
the W orld Heritage List and database, develops teaching 
materials to  raise awareness among young people o f the 
need fo r heritage preservation, and keeps the public 
informed o f W orld Heritage Issues. The W orld Heritage 
Marine Programme Is located w ith in  the W orld Heritage 
Centre and is one o f the Centre's six thematic programmes.

A dv iso ry  bodies: In addition to  the above, three Interna­
tional non-governmental or intergovernmental organiza­
tions are appointed to  advise the Committee in its deliber­
ations. These bodies provide technical evaluations o f 
nominations submitted to  the W orld Heritage List, as well 
as ongoing assessments and advice on existing sites and 
the issues they face. The bodies are:

■ The In te rn a tio n a l U n ion  fo r  th e  C onservation  o f 
N a tu re  (IUCN) -  Is an International, non-governmental 
organization that provides the World Heritage Committee 
w ith  technical evaluations o f natural heritage properties 
(Including all marine W orld Heritage) and, through Its 
worldw ide network o f specialists, reports on the state of 
conservation o f listed properties. W ith  more than 1000 
members, IUCN was established in 1948 and is located In 
Gland, Switzerland.

■ The In te rn a tio n a l Council on M onum en ts  and Sites 
(ICOMOS) -  provides the W orld Heritage Committee 
w ith  eva luations o f cu ltu ra l and m ixed properties 
proposed for Inscription on the World Heritage List. It is an 
International, non-governmental organization founded In 
1965, w ith  an International secretariat in Paris.

■ The In te rn a t io n a l C e n tre  fo r  th e  S tud y  o f  th e  
Preservation and R esto ration o f C u ltu ra l P roperty  
(ICCROM ) -  Is an In te rgovernm en ta l body w h ich  
provides expert advice on how to conserve listed proper­
ties, as well as training In restoration technlgues. ICCROM 
was set up In 1956 and Is located In Rome.
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Types of World Heritage sites

Several types o f World Heritage site are possible, becoming 
increasingly complex and inclusive as the selection process 
for sites has evolved over the years. The principal options are:

Natural, cu ltu ra l and m ixed -  the latest operational guide­
lines o f the Convention identify six cultural and four natural 
criteria for assessing OUV o f the sites. Sites may be inscribed 
for any one o f these criteria, to be 'natural' or 'cultural' 
W orld Heritage sites, or a combination o f natural and 
cultural criteria, as 'm ixed' W orld Heritage sites. In this 
context, significant interactions between people and the 
natural environment are recognized as 'cultural landscapes'.

Particularly in relation to  the marine environment and the 
natural connections caused by ocean currents linking sites 
w ith  one another often across national boundaries, further 
term inology has been identified fo r inscription o f sites:

Serial sites (the word "cluster" has also been used synony­
mously fo r this, so from this point, only 'serial' is used in 
this document) consist o f tw o  or more areas tha t don 't 
share a direct boundary, but which are related for example 
because they belong to  the same geological, geomorpho- 
logical form ation, the same biogeographic province, the 
same ecosystem type, or are biophysically linked by ocean 
currents. The whole series o f sites should be o f OUV, not 
only its individual components. Serial nominations are 
inscribed as a single property on the W orld Heritage List. 
The locations, size and boundaries o f each component 
must be explicit, as well as the linkages between them.

T ransboundary sites may occur where the features o f a 
site span international boundaries. Transboundary nomina­
tions are inscribed as a single property on the W orld 
Heritage List, and reguire jo in t nomination by the States 
Parties involved.

The above types o f sites may be combined, such as a trans­
boundary serial natural site.

Outstanding Universal Value (OUV)

Nomination o f a site for consideration o f its listing as W orld Heritage is decided by a determination o f its Outstanding 
Universal Value (OUV), which is the central construct o f the W orld Heritage Convention. W hat do these words mean?

Outstanding Universal Value (OUV)

Outstanding -  the site should be 
exceptional. The W orld Heritage  
Convention sets ou t to define the 
geography o f the superlative -  the 
m ost o u ts ta n d in g  na tu ra l and 
cultural places on Earth.

U n iversa l - The scope o f the  
Convention is global in relation to 
the significance o f the properties to 
be protected as well as its im por­
tance to  all people o f the world. 
Sites cannot be considered for OUV 
from  only a national or regional 
perspective.

Value -  implies clearly defining the 
w orth  o f a property, ranking its 
im portance based on clear and 
consistent standards, including the 
recognition and assessment o f its 
integrity.

Inscription criteria
Under the W orld Heritage Convention, six inscription criteria relate to cu ltu ra l heritage (i-vi) and four relate to na tu ra l 
heritage (vii-x). W orld Heritage marine sites need to  comply w ith  at least one o f the natural criteria.

Inscription criteria

vii. Contain superlative 
na tu ra l phenom ena or 
areas o f exceptiona l 
n a tu ra l beau ty  and
aesthetic importance;

viii. Be outstanding 
examples representing 
m a jo r stages o f Earth's 
history, including the 
record o f life, significant 
ongoing geo log ica l 
processes in the 
development of 
landforms, or significant 
geomorphic or 
physiographic features;

ix. Be outstanding 
examples representing 
significant ongoing 
eco log ica l and b io lo g i­
cal processes in the 
evo lu tio n  and deve l­
op m e n t o f terrestrial, 
fresh water, coastal a 
nd marine ecosystems 
and communities o f 
plants and animals;

X .  Contain the most 
im portant and significant 
na tu ra l hab ita ts  for in 
situ conservation o f 
b io log ica l d iversity, 
including those 
containing threatened 
species o f OUV from the 
point o f view o f science 
or conservation.
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The criteria fo r marine

The primary documents fo r W orld Heritage listing om it 
specific reference to physical marine or ocean processes. 
Inspection o f the criteria fo r natural heritage, vii -  x, 
suggests tw o  options for their inclusion: Criterion vii refers 
to  'na tu ra l phenom ena' w h ich  could include ocean 
processes. However th is is stated alongside 'na tu ra l 
beauty', and the criterion is generally considered insuffi­
cient for listing o f natural W orld Heritage sites due to the 
subjective nature o f 'beauty'. Criterion viii refers to  earth 
history, geological processes, landforms, geomorphic and 
physiographic features, clearly targe ting  physical and 
geological features o f the planet. Physical oceanographic 
features -  w ater masses, currents and other physical 
processes -  may be most directly related to these terms. 
Given the caveats noted above on criterion vii, we have 
identified criterion viii as the most appropriate one for phys­
ical ocean processes, w ith  criterion vii having application 
consistent w ith  its current use on land, for additional 
values where sites already meet at least one o f criteria viii, 
ix or x. This lack o f text in the criteria specifically mentioning 
ocean processes in contrast to  geological processes may 
pose a significant barrier for expanding the coverage of 
W orld Heritage sites in the marine realm.

W ith respect to  biological oceanographic processes, marine 
species and evo lu tionary processes, and hab ita t and 
ecosystem dynamics are eguivalent to  those o f terrestrial 
features, so criteria ix and x are appropriate for marine 
features. Further, criterion ix explicitly mentions the words 
"coastal" and "m arine".

M eeting the criteria
Nominating a site for inscription o f the W orld Heritage List 
reguires a rigorous process o f identifying the features of 
potential OUV at a site, and making a case for inscription. 
First, this implies tha t the features o f the proposed site are 
outstanding globally, and to do this effectively reguires a 
global comparative analysis, rating the features o f the site up 
against other sites on a global scale. Secondly, a screening of 
existing properties on the W orld Heritage List must be 
undertaken, to ensure that the site in guestion is not a 
redundant addition to the list, and includes some features 
that are lacking from the existing portfolio o f World Heritage 
sites. Both o f these processes reguire significant investment 
in conducting the appropriate level o f data collection -  in 
situ and from the literature -  both on the site in guestion, 
and its comparison against sites around the world.

Integrity of World Heritage Sites

It is not enough for a site to meet the W orld Heritage 
criteria only. A  site must also meet the conditions o f 
'in tegrity ' and/or 'authenticity ' (for cultural sites) and must 
have an adeguate protection and management system to 
ensure its safe-guarding. The condition o f integrity is a 
measure o f the wholeness and intactness o f the heritage o f 
the site and its attributes tha t are established when an 
adeguate and long-term  protection and management 
system is in place to ensure its safe-guarding. Thus, the 
conditions o f integrity and/or authenticity are an integral 
element when considering the concept and application of 
OUV and w ith ou t both having been met a site should not 
be listed. This guestion is even more when im portant 
when looking at sites tha t straddle different jurisdictions, in 
international waters and potentially High Seas.

Management of World Heritage sites

The com m itm ent o f a State Party to  maintain the OUV o f a 
W orld Heritage site is eguivalent in importance as the 
values themselves, so potential W orld Heritage sites go 
through a rigorous evaluation tha t includes assessment of 
the ability to manage and maintain the values for which the 
site is proposed for inscription.

W orld Heritage marine sites have many similar characteris­
tics, but their management goals and objectives often 
differ greatly. IUCN has defined a series o f six protected 
area management categories based on the primary objec­
tive o f the site (Table 4), and any o f these may be com pat­
ible w ith  W orld Heritage designation, so long as the 
management objectives preserve the feature o f OUV at the 
site. Out o f 40 W orld Heritage marine sites, four categories 
o f management have been specified, the numbers for 
each being shown in the table below have been specified 
as either Strict Nature Preserves, managed mainly for 
science (19 o f 40 sites), or National Parks, for ecosystem 
protection and recreation (20 o f 41 sites). Nine o f 40 sites 
are managed as a Habitat/Species Management Area, 
mainly for conservation, and seven as either a Protected 
Seascape, for seascape conservation and recreation, or 
Managed Resource Protected Area, for sustainable use.

Reporting & Monitoring

Inscribing a site on the World Heritage List is not the end of 
the story. Site managers and local authorities continuously 
work towards managing, m onitoring and preserving the 
World Heritage properties. States Parties have an obligation 
to regularly prepare reports about the state o f conservation 
and the various protection measures put in place at their 
sites. These reports allow the W orld Heritage Committee to 
assess the conditions at the sites and, eventually, to decide 
on the necessity o f adopting specific measures to resolve 
recurrent problems. One o f such measures is the inscription
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Category D e fin itio n Site

1a
Strict Nature Preserve: 
protected area managed 
mainly for science

Area o f land and/or sea possessing some outstanding or 
representative ecosystems, geological or physiological features 
and/or species, available primarily for scientific research and/or 
environmental monitoring.

19

1b
Wilderness Area: protected 
area managed mainly for 
wilderness protection

Large area o f unmodified or slightly modified land, and/or sea, 
retaining Its natural character and Influence, w ithou t 
permanent or significant habitation, which is protected and 
managed so as to preserve its natural condition.

0

2

National Park: protected area 
managed mainly for 
ecosystem protection and 
recreation

Natural area o f land and/or sea, designated to: (a) protect the 
ecological integrity o f one or more ecosystems for present and 
future generations; (b) exclude exploitation or occupation 
inimical to the purposes o f designation o f the area; and (c) 
provide a foundation for spiritual, scientific, educational, 
recreational and visitor opportunities, all o f which must be 
environmentally and culturally compatible.

20

3

Natural Monument: protected 
area managed mainly for 
conservation o f specific 
natural features

Area containing one, or more, specific natural or 
natural/cultural feature tha t is o f outstanding or unigue value 
because o f its inherent rarity, representative or aesthetic 
gualities or cultural significance.

0

4

Habltat/Specles Management 
Area: protected area 
managed mainly for 
conservation through 
management intervention

Area o f land and/or sea subject to active intervention for 
management purposes so as to ensure the maintenance o f 
habitats and/or to meet the reguirements o f specific species.

9

5

Protected
La n d sea pe/Sea sea pe : 
protected area managed 
mainly for landscape/seascape 
conservation and recreation

Area o f land, w ith  coast and sea as appropriate, where the 
Interaction o f people and nature over time has produced an 
area o f distinct character w ith  significant aesthetic, ecological 
and/or cultural value, and often w ith  high biological diversity. 
Safeguarding the integrity o f this traditional interaction is vital 
to the protection, maintenance and evolution o f such an area.

7

6

Managed Resource Protected 
Area: protected area 
managed mainly for the 
sustainable use o f natural 
ecosystems

Area containing predominantly unmodified natural systems, 
managed to ensure long-term protection and maintenance of 
biological diversity, while providing at the same time a 
sustainable flow  o f natural products and services to meet 
com m unity needs.
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Fishing boats. East A frica. Traditional wooden dhows are 

th e  prim ary vessels used th ro u g h o u t th e  East A frican and 
Madagascar coasts. © S ue Wells

of a property on the List o f W orld Heritage in Danger. In 
situations where the site deteriorates to a point where the 
OUV Is lost, the W orld Heritage Committee may decide to 
remove It from the W orld Heritage List.

The highest international standard 
of marine conservation

The World Heritage Convention is the leading international 
legal instrument in natural heritage and biological diversity 
conservation due to  its focus on OUV, the role o f World 
Heritage sites as 'flagship' sites, a tried and proven Inter­
governmental legal fram ework, a rigorous deliberative 
process, and systematic evaluations against established 
criteria and high standards.

Benefits of World Heritage listing

Once a site Is Inscribed on the World Heritage List, it joins an 
In ternational com m unity  th a t values and appreciates 
outstanding examples o f natural wealth. Today the World 
Heritage concept is so well understood that sites on the list 
are a magnet for international cooperation and receive 
financial assistance fo r conservation projects from a variety 
o f sources. Finally, inscription o f a site on the World Heritage 
List brings an Increase In public awareness o f the site and its 
OUV and can lead to increased tourist activities at the site. 
W hen tourism is well planned and organized around 
sustainable tourism principles, It can bring Important funds 
to the site and the local economy. The prestige that comes 
from having sites Inscribed on the W orld Heritage List often 
serves as a catalyst to raising awareness for conserving 
marine natural heritage for future generations.

Becoming a World Heritage site

W orld Heritage sites are Identified through a rigorous, 
multi-year nomination, evaluation and inscription process 
tha t Is based on a set o f specific criteria. General steps in 
this process include:

■ Local and national level consultations arriving at a deci­
sion to  pursue W orld Heritage Listing, Including a scien­
tific  basis for establishing the values o f a site;

■ The State Party submits the name o f the site, as well as 
other potential future sites, to  the Tentative List;

■ The State Party and management agency, local authorities 
and stakeholders Invest in preparation o f a nomination 
dossier tha t includes all relevant supporting information 
on the values, integrity and condition o f the site, as well as 
on management structures, capacity and sustainability;

■ The site nomination dossier is submitted by the State 
Party to the W orld Heritage Centre;

■ Evaluation o f the nomination, Is completed by the IUCN 
for natural criteria and ICOMOS/ICCROM for cultural 
criteria (If relevant);

■ Recommendations o f the evaluation are made to the 
W orld Heritage Committee;

■ Nominations recommended highly enough are passed by 
th e  C o m m itte e  to  th e  a n n u a l m e e tin g  o f  th e  
Council/General Assembly where States Parties vote for 
acceptance, referral or rejection o f a nomination; and

■ If accepted, the site Is listed on the W orld Heritage List, 
and takes on obligations for maintaining the OUV and 
Integrity o f the site, w ith  periodic reporting to the World 
Heritage Centre on the state o f the site.
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World Heritage in the Western Indian Ocean

This section summarizes the current status o f marine sites in 
the Western Indian Ocean that are already Inscribed on the 
W orld Heritage List -  A ldabara A to ll, Seychelles and 
iSimangaliso, South Africa -  and ongoing tentative listing 
and nominations. The text on Aldabra and iSimangaliso are 
presented to show the formal preparation o f a statement 
o f OUV, and could be used as a standard to be set in future 
nominations o f sites In the region.

Aldabra Atoll, Seychelles

Aldabra A toll, in the Seychelles, was inscribed on the 
W orld Heritage List in 1982. The site Is an outstanding 
example o f biological evolution, containing superlative 
natural phenomena and the only habitat where a number 
o f animals o f OUV can survive. The updated statement o f 
OUV is reproduced below, and further inform ation Is avail­
able at: http://whc.unesco.org/en/list/185.

The Outstanding Universal Value o f Aldabra A to ll, Seychelles

Criterion (vii)

S uperla tive  na tu ra l 
phenom ena or 
na tu ra l beau ty

Aldabra A toll encompasses a large expanse o f relatively untouched natural beauty 
where a range o f im portant flora and fauna species thrive, among remarkable land 
formations and ecological processes, providing a magnificent spectacle o f natural 
phenomena. The lagoon contains many smaller Islands and the entire atoll is 
surrounded by an outer fringing reef. Geomorphologie processes have produced an 
extraordinarily rugged topography, which supports a variety o f habitats w ith a relatively 
rich biota for an oceanic island and a high degree o f endemism. The richness and diver­
sity o f the sea and landscapes In colour and form ation gives It an amazing aesthetic 
appeal.

Criterion (ix)

O ngo ing  b io lo g ica l 
and eco log ica l 
processes

The atoll is a superlative example o f an oceanic island ecosystem in which evolutionary 
processes are active w ith in a rich biota. Most o f the land surface comprises ancient coral 
reef (-125,000 years old) which, for the sixth time, has been raised above sea level and 
colonised by giant tortoises. The size and morphological diversity o f the atoll has 
permitted the development o f a variety o f discrete Insular communities w ith a high inci­
dence o f endemlclty among the constituent species. The ecological processes occur 
w ith virtually no human Interference and can be clearly observed in their full complexity.

Criterion (x)

B io log ica l D iversity 
and th rea tene d  
species

Aldabra provides a natural laboratory and is a platform for key scientific research and 
discovery. The atoll constitutes a refuge for viable populations o f many rare species, 
many o f which are endemic to  the atoll, and conseguently has been Identified as part 
o f a global Biodiversity Hotspot and an Important Bird Area. Aldabra Is Inhabited by 
over 400 endemic species and subspecies (Including vertebrates, invertebrates and 
plants) These include the largest giant tortoise population in the world, the last 
remaining flightless bird o f the Western Indian Ocean the white-throated rail, globally 
Important breeding populations o f endangered green turtles and critically endangered 
hawksbl 11 turtles, vast waterblrd colonies Including the second largest frigatebird 
colonies in the world and one o f the world's only tw o  oceanic flam ingo populations. 
The giant tortoise population is entirely self-sustaining and all the elements o f its in tri­
cate Interrelationship w ith  the natural environment are evident. The pristine fringing 
reef system and coral habitat are In excellent health and their Intactness and the sheer 
abundance and size o f species contained w ith in  them are rarely paralleled in similar 
ecosystems.

http://whc.unesco.org/en/list/185
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Aldabra A toll is a prime example o f a raised coral atoll that 
occupies a total area o f 346 km2 and is arguably the 
largest raised coral atoll in the world. The atoll is home to 
the largest giant tortoise population in the world, about 10 
times larger than tha t o f the Galapagos. Due to its remote­
ness and inaccessibility, the atoll has remained largely 
untouched by humans for the majority o f its existence. This 
makes it an extraordinary laboratory in which to study 
evolutionary and ecological processes. Furthermore, the 
richness and diversity o f the ocean and landscapes result in 
brilliant colours and formations tha t give the atoll aston­
ishing appeal and exceptional beauty.

Integrity -  the property includes the four main islands that 
form the atoll plus numerous islets and the surrounding 
marine area. It is sufficiently large to support all ongoing 
biological and ecological processes essential fo r ensuring 
continued evolution in the atoll. Aldabra displays an almost 
intact ecosystem and there is a naturally viable population 
o f the species at the top o f the terrestrial food chain, a 
trophic level which, unusually, is occupied by a herbivore; 
the giant tortoise, which adds to  Aldabra's global interest 
and appeal. The remoteness and inaccessibility o f the atoll 
lim it extensive human interference tha t would jeopardize 
ongoing processes.

Protection and m anagem ent -  the property is legally 
protected under the Law o f Seychelles Chapter 159, the 
National Parks and Nature Conservancy Act. In addition a 
public trust, the Seychelles Islands Foundation, was estab­
lished by Presidential Decree Chapter 217 in 1979 to 
manage and conserve the natural life o f Aldabra and to 
initiate and promote scientific research on the atoll. A 
Management Plan was developed (1998) which guides 
daily operations. However, there are tremendous logistical 
challenges related to the remoteness o f the property. The 
most im m inent threats are invasive alien species, climate 
change and oil spills, particularly the latter if oil exploration 
increases in the region.

iSimangaliso, South Africa

iSimangaliso Wetland Park, in South Africa was inscribed 
on the W orld Heritage List in 1999 (then the Greater St 
Lucia Wetlands Park). The site consists o f 13 contiguous 
protected areas comprising the largest estuarine system in 
Africa and the southernmost extension o f the coral reefs on 
the continent. It contains a combination o f on-going fluvial, 
marine and aeolian processes tha t have resulted in a variety 
o f landform s and ecosystems. Features include w ide 
submarine canyons, sandy beaches, a forested dune cordon 
and a mosaic o f wetlands, grasslands, forests, lakes and 
savanna. Natural phenomena include shifts from low to 
hyper-saline states in the Park's lakes; large numbers of 
nesting turtles on the beaches; the migration o f whales, 
dolphins, and whale-sharks offshore, ceolocanths off-shore 
and huge numbers o f waterfow l including large breeding 
colonies o f pelicans, storks, herons, and terns. The Park's 
location between subtropical and tropical Africa as well as 
its coastal setting has resulted in exceptional biodiversity, 
including some 521 bird species.

Brief synopsis
The iSimangaliso Wetland Park, South Africa, covers an area 
o f approximately 3,585 km2 tha t encompasses five major 
ecosystems and has a number o f notable and diverse land 
form s. Over geolog ica l tim e, chang ing sea levels and 
depositions have moulded spectacular and diverse landscapes 
and triggered the intricate processes o f the contemporary 
iSimangaliso wetland system. The Lubombo Mountains, in 
the west and the spectacular dune systems along an extended 
and largely unspoilt coastline in the east, enclose the lake 
systems, consisting o f tw o estuarine-linked lakes (St Lucia 
and Kosi) and four large freshwater lakes (Sibaya, Ngobezeleni, 
Bhangazi North and Bhangazi South). The uMkhuze and 
uMfolozi swamps contain swamp forest, extensive reed and 
papyrus wetlands, which contrast w ith  the inland western 
shores, formed from ancient shoreline terraces and consisting 
o f dry savannah woodland. It is this set o f exceptional natural 
assets tha t were consolidated to  form  the iSimangaliso 
Wetland Park ("iSimangaliso"), which is considered a natural 
asset o f global significance that must be conserved for the 
people o f the region, the country and the world. It is also a 
natural resource tha t is helping drive the economic revival of 
a region tha t was systematically underdeveloped during the 
apartheid era. A lthough iSimangaliso was not listed for any 
cultural criteria, these aspects are im portant for the site. 
iSimangaliso has a large repository o f Stone Age and Iron Age 
sites which provide significant evidence o f the presence o f 
people fo r thousands o f years in the area, and im portant 
insights into how they lived in southeast Africa over time. 
Many o f the communities living in and around iSimangaliso 
today continue to have a rich relationship w ith  the land and 
na tu ra l en v iro nm en t. C u ltu ra l tra d itio n s , land use 
management practices and indigenous knowledge systems 
continue to shape the current environment. Less tangible 
but equally important are resources such as significant sacred 
spaces, oral traditions and rituals.
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The Outstanding Universal Value o f iSimangaliso, South Africa

Criterion (vii)

S uperla tive  
na tu ra l 
phenom ena 
o r na tu ra l 
beau ty

iSimangaliso is geographically diverse and contains superlative scenic vistas along its 220 km coast, including 
natural phenomena and areas o f exceptional natural beauty and aesthetic importance. From the clear 
waters o f the Indian Ocean, w ide undeveloped sandy beaches, a forested dune cordon and a mosaic 
o f wetlands, grasslands, forests, lakes and savannah, the iSimangaliso contains exceptional aesthetic 
gualities. Three natural phenomena are judged outstanding (i) the shifting salinity states w ith in  Lake St. 
Lucia, which are linked to w e t and dry climatic cycles, w ith  the lake responding accordingly w ith  shifts 
from low to  hyper-saline states, (ii) the spectacle o f large numbers o f nesting turtles on the beaches, 
and the abundance o f dolphins and migration o f whales and whale sharks offshore, and (iii) the large 
numbers o f waterfow l and large breeding colonies o f pelicans, storks, herons and terns.

Criterion (ix)

O ngo ing
b io lo g ica l
and
eco logica l
processes

iSimangaliso is an outstanding example representing significant ongoing ecological and biological 
processes in the evolution and development o f terrestrial, fresh water, coastal and marine ecosystems, 
and communities o f plants and animals. The combination o f fluvial, marine and aeolian processes 
initiated in the early Pleistocene in iSimangaliso has resulted in a variety o f landforms and continues to 
the present day. The transitional geographic location between sub-tropical and tropical Africa as well 
as the coastal setting have resulted in exceptional species diversity. Past spéciation events in the 
Maputaland Centre o f Endemism are also ongoing and contribute another element to the diversity 
and interplay o f evolutionary processes at work in iSimangaliso. In its marine component, the sediments 
being transported by the Agulhas current are trapped by submarine canyons on the continental shelf 
allowing for remarkably clear waters fo r the development o f coral reefs. Major events such as droughts, 
floods and coastal storms, are regularly experienced in iSimangaliso, further complicate the interplay 
o f this environmental heterogeneity. The site is also o f sufficient size and retains most o f the key 
elements that are essential for long-term functioning o f the ecosystems. The ecological linkages between 
the five ecosystems found in the iSimangaliso Wetland Park have been a major attraction for research 
on the geomorphological and biological processes occurring there.

Criterion (x)

Bio log ica l 
D ivers ity  and 
th re a te n e d  
species

The five interlinked ecosystems found in iSimangaliso provide habitat for a significant diversity o f African 
biota, including a large number o f rare, threatened and/or endemic species. iSimangaliso contains 
some o f the most im portant and significant natural habitats for the in-situ conservation o f biological 
diversity, including those containing threatened species o f OUV from the point o f view o f science or 
conservation. The five ecosystems are (i) the marine ecosystem, characterised by a warm sea, the 
southernmost extension o f coral reefs in Africa, submarine canyons and long sandy beaches (ii) the coastal 
dune system, consisting o f linear dunes up to 180 m in height, sub-tropical forests, grassy plains and 
wetlands (iii) lake systems, consisting o f tw o  estuarine-linked lakes (St Lucia and Kosi) and four large 
freshwater lakes (Sibaya, Ngobozeleni, Bhangazi North and Bhangazi South) (iv) the uMkhuze and 
uMfolozi swamps, w ith  swamp forest, extensive reed and papyrus wetlands, and (v) the inland western 
shores, w ith ancient shoreline terraces and dry savannah woodlands, thickets and sand forests that occur 
on the higher lying ground between the coastal plain and the Lubombo Mountains.

As iSimangaliso is situated on the southernmost extremity o f the Mozambigue coastal plain, it hosts 
numerous species reaching the southernmost lim it o f their range which are, thus, not found elsewhere 
in South Africa. This adds to the value and importance o f this unigue area from a South African species 
conservation perspective. The presence o f some o f these species north o f our borders cannot detract 
from the importance o f conserving the South African populations, as little inform ation is generally 
available on their conservation status and distribution in other parts o f southern and central Africa. 
iSimangaliso is clearly a critical habitat for a range o f species from Africa's marine, wetland and savannah 
environments. The species lists for iSimangaliso are the lengthiest in the region and population sizes for 
most o f them are viable. Of the over 6,500 plant and animal species known to occur in the Park, 
populations o f species o f conservation importance include 11 species tha t are endemic to  the Park, and 
108 species endemic to  South Africa, while 467 are listed as threatened in South Africa.

In addition, iSimangaliso contains four Ramsar sites tha t recognise the ecological functions o f wetlands 
as well as their importance as resources o f economic, cultural, scientific and recreational value (i) St. Lucia 
Lake System (Ramsar Site # 345) (ii) Turtle Beaches/Coral Reefs o f Tongaland (Ramsar Site # 344) (iii) 
Kosi Bay Lake System (Ramsar Site #527), and (iv) Lake Sibaya (Ramsar Site # 528).

The remarkable ecological diversity and significance o f iSimangaliso is, therefore, unigue, not only on 
the African continent, but also in a global perspective, adding to  its importance.
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Sites including marine features in the region on the W orld Heritage Tentative List

Site name R ef.# Site type Criteria Date submitted

M arine  Ecosystems fo r  th e  Com oros 
A rch ip e la g o

5107 natural marine (Ix) (x) 31 January 2007

Ponto  de O uro  P rotected M arine  Area 5382 natural marine ( V i i )  (X ) 20 May 2008

Q ulrlm bas A rch ip e la g o n/a
mixed natural and 
cultural

(¡I) (Iv) (x) 20 August 2008

Integrity -  Many o f the issues and challenges identified by 
the W orld Heritage Committee at the time o f the inscrip­
tion o f ISimangaliso as a W orld Heritage site have been 
resolved. Previously comprising fragmented parcels o f land, 
iSimangaliso has been consolidated into one proclaimed 
protected area under South African legislation, the World 
Heritage Convention Act. Importantly this act adopts the 
Convention and w rites  the pro tection o f the W orld 
Heritage sites Into South African law, whilst also recog­
nising the need to deliver economic and social benefits to 
neighbouring communities, w ith ou t which the long term 
integrity o f the Property could be compromised. Added to 
this, a zone o f influence (buffer zone) has been delineated 
along iSimangaliso's boundary, where development controls 
afford the Park an additional layer o f protection. The 
necessary conservation and visitor infrastructure tha t is 
regulred for effective conservation and interpretation o f the 
Park's universal values has largely been pu t in place 
in c lud in g , fenc ing  m ost o f the  Park. C onservation 
programmes include the réintroduction o f native species 
and removal o f alien commercial plantation species from 
iSimangaliso, w ith  on-go ing and rigorous alien plant 
control programmes being applied. Additional terrestrial 
and m arine areas o f eco log ica l s ign ificance to  the 
ISimangaliso has also been incorporated into the Park. Nine 
o f the 14 land claims have been settled under a National 
G ove rnm en t po licy  fra m e w o rk  w h ich  ensures th a t 
iSimangaliso w ill be managed by the state in perpetuity as 
a conservation area.

Protection and m anagem ent -  South Africa has solid 
legislation tha t affords iSimangaliso the necessary legal 
protection. Furthermore, the Park is managed by a dedi­
ca ted  agency fo u n d e d  In S ou th  A fr ic a n  law , the  
iSimangaliso W etland Park Authority. The iSimangaliso 
A uthority  has made significant progress in the past 10 
years. Policies and plans have been formulated and system­
a tica lly  im p lem e n ted , m on ito re d  fo r  e ffectiveness, 
reviewed and adapted. A  range o f challenges tha t reguire 
management and intervention remain; tw o  critical issues 
being the dim inished hydrological function ing  o f the 
Umfolozi River and the delivery o f meaningful benefits to

communities. To meet the many and varied challenges the 
iSimangaliso A uthority  has developed and consulted its 
Integrated Management Plan. This updated five year plan 
w ill guide the on-going protection and development o f 
ISimangaliso, ensuring its in tegrity and the values for 
which it was originally inscribed on the World Heritage List. 
Dedicated programmes aimed at enhancing the hydrolog­
ical functioning o f the Umfolozi River and Implementing 
the iSimangaliso People and Parks' programme have been 
put in place. In addition, WH listing helped prevent further 
proposals to  mine Titanium in the sand dunes and other 
industrial activities which would have negatively impacted 
the area.

National tentative lists

Some States Parties in the Western Indian Ocean have 
already named sites to the Tentative W orld Heritage List, 
which are listed above. The contents o f the Tentative Lists 
were not consulted In preparation for this study in order 
not to Influence the overview o f unigue features o f the 
WIO, and the findings o f this report may be used in 
s treng then ing  exis ting no m in a tion  processes where 
possible.

There are currently three sites including marine features In 
the region on the W orld Heritage Tentative List.
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Methodology

The overall aim o f this assessment was the Identification of 
marine areas In the Western Indian Ocean (WIO) tha t 
could be o f Outstanding Universal Value (OUV), through a 
generic approach that can be applied to other regions. The 
method uses an approach tha t Is more suitable to  the 
dynamics o f the marine environment and at scales more 
meaningful from an ecosystem perspective. This approach 
can greatly enhance comprehensive support to  States 
Parties when Identify ing new potentia l marine W orld 
Heritage sites, and ultimately facilitate conservation o f the 
site once Inscribed on the W orld Heritage List. In parallel 
w ith  this document, IUCN Is developing general guidance 
for the Identification o f natural marine sites o f OUV for 
Inclusion on the World Heritage List (Abdulla et al., In prep). 
It has a global overview In contrast to  this regional one, 
w ith  a focus on the gaps In the existing WH List In terms of 
biogeography, habitat, and region.

The methodology followed three main steps, using data 
and Information already available as peer-review scientific 
publications, grey literature reports, and expert know l­
edge, and w ith  particular attention to  historical blogeo­
graphlc and biodiversity analyses. These steps were: 1) 
Identification o f the appropriate blo-reglonal scale at which 
to apply the assessment; 2) Identification o f the key phys­
ical and biological features tha t distinguish the region 
compared to  others globally; and 3) Identification o f the 
sites In the region tha t exemplify these features, and that 
also are o f sufficient Integrity and scale to meet the criteria 
o f OUV.

The global significance of the Western 
Indian Ocean

The Indo-Pacific Is the largest marine blome on the planet 
distinguished primarily by the continuity o f tropical marine 
ecosystems and species carried by eguatorlal currents along 
an east-west axis. For the tropical fauna o f relevance In this 
study, this blome Is entirely separated from the tropical 
Atlantic, though they share common origins from the 
Tethys Sea, which allowed clrcumglobal tropical currents up 
to the Miocene or about 20 million years ago (mya). Now 
the Indo-Paclfle, by virtue o f Its size and complexity, 
contains by far the highest diversity o f tropical marine 
species, as well as the bulk o f tropical and subtropical 
marine habitats from shallow coastal seas to the deep 
ocean.

The central part o f the Indo-Pacific, In the Southeast Aslan 
region now coined the 'Coral Triangle', hosts a far greater 
abundance o f species per un it area w ith in  tropical marine 
ecosystems than any other place on earth, reflecting the 
confluence o f multiple speclatlon and diversity maintaining 
processes over periods o f tens o f millions o f years (Roberts

et al. 2002). This diversity spills ou t to the east and west, 
and at present the diversity o f species at the margins o f the 
Indo-Pacific Is dominated by this Central Pacific center of 
high diversity. Nevertheless, peripheral regions have a 
distinct history, and the western part o f the Indian Ocean Is 
distinguished by Its closer geographic and evolutionary 
history w ith  the ancient Tethys Sea, and processes o f Isola­
tion and vicariance tha t result In endemism and restricted 
species ranges unlgue to the region.

Subdividing the Indo-Pacific has always created a challenge 
for biogeographers. Spalding et al. (2007) note tha t very 
few  species occur across the entire region. Of the 4000 
shore fishes found In the region only 12 are found In 
common between the Red Sea, Easter Island and Hawaii; 
and moving In from these extreme limits, only 492 species 
are shared between the Western Indian Ocean and French 
Polynesia (Randall, 1998). The Marine Ecoreglons o f the 
W orld (MEOW) classification scheme has drawn a primary 
boundary at the level o f Realms, o f which there are four In 
the Indo-Paclfle: the West, Central, and East Indo-Pacific 
Realms and the East Pacific Realm. A  level below these are 
the provinces, o f which the WIO Is one o f seven In the West 
Indo-Pacific Realm, and below these are ecoreglons, of 
which there are nine In the WIO Province.

Prior to the MEOW classification, the distinctness o f the 
WIO has been recognized w ith in  the broader Indian Ocean 
and Indo-Pacific blome by a variety o f historical studies 
(Briggs 1974, Kelleher et al. 1995), reflecting the consis­
tency o f blogeographlc patterns, and Its distinctness from 
the other marine regions o f the planet. This distinctness of 
the WIO Is the foundation o f Part 3 o f this report, but can 
be summarized as the fo llow ing (Obura, In review, a):

■ Dominance o f the South Eguatorlal Current (SEC) as a 
conveyor belt o f species from east to west;

■ Northern connections w ith  Red Sea and Arabian Gulfs 
subregions, where extreme environments and Isolation 
resulting In distinct ecosystems and high endemism of 
species;

■ Gyres In the northern (seasonal) and southern parts of 
the western Indian Ocean, reaching as far east as Sri 
Lanka/western India, and the Mascarene Islands (respec­
tively) creating distinct subregions Isolated from  the 
eastern Indian Ocean and West Pacific; and

■ These features are layered on top o f a geological history 
tha t features the opening o f the Indian Ocean first as the 
Mozamblgue channel opened, then India and Australia 
moved away from the African coast at the same time as 
northward movement o f Africa and India closed o ff the 
Tethys Sea from 45-15 mya (Obura, 2012).
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M arine Ecoregions o f the 
W orld (MEOW), showing 
realms (top), provinces 
(m iddle) and ecoregions 

(bottom ). This study focuses 
on the  Western Indian Ocean 
Province and its 9 ecoregions. 

In a fram ew ork designed to  
Identify  unique and 
superlative features and sites 
o f global significance and 

Outstanding Universal Value.
©  Spalding e t al. 2007

Taken together, these factors result In a biologically distinct 
region w ith  unique features at the level o f the Indo-Paclflc 
as well as globally. The methodology and analysis In this 
report represent an effort to  standardise a process for Iden­
tifying and assessing the global significance o f sites, to eval­
uate their OUV for designation as W orld Heritage Sites. In 
addition to  serving as a pilot toward a more ecologically 
sound approach for Identifying marine gaps on the World 
Heritage List, the results o f this work also aim to enhance 
knowledge and understanding among the States Parties In 
the region, primarily African countries, o f the potential for 
marine W orld Heritage sites that Ile w ith in their jurisdiction. 
Next steps w ill focus on working w ith  the respective States 
Parties to explore w ith  them potential Inscription o f the 
respective sites which are Identified as likely o f OUV 
through this scientifically based project.

Ecoregions w ith in  the W estern Indian Ocean 
Province (#20)
94 N o rth  M onsoon C urren t
95 East A frica n  Coral Coast
96 Seychelles
97 Cargados/Trom elln
98 M ascarene
99 Southeast M adagascar

100 W est & N o rth  M adagascar
101 Sofala
102 Delagoa
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Unique regional features

The Marine Ecoregions o f the W orld (MEOW) establishes a 
hierarchical classification tha t defines Realms, Provinces and 
Ecoregions (Spalding et al, 2007). The distinctive features 
relevant to the WIO are described In a companion docu­
ment to  this one (Spalding 2012). W ith in the WIO, the 
MEOW scheme Identifies nine Ecoregions, w ith  additional 
support for these In Obura (In review) based on a detailed 
study o f scleractlnlan corals. Obura (In review) extends the 
blogeographlc analysis o f Spalding et al. (2007) to Include 
geological and oceanographic features tha t drive the 
region's uniqueness on a global scale. Together, these 
provide a fram ework for describing those features o f the 
WIO that make Individual sites and zones globally unique.

We Identified features In the WIO relevant to criteria vlll, lx 
and X  o f the W orld Heritage List tha t make It unique, and 
on the basis o f which OUV can be assessed. The main 
features were grouped Into:

The physical processes tha t define and drive the region:

■ G eo logy -  the plate tectonics and hotspot activity o f the 
Indian Ocean; and

■ O c e a n o g ra p h y  -  m ajor currents and p roduc tiv ity  
processes tha t define biological linkages across the 
Ocean, and Its sub-regional structure;

On the basis o f these, the biological characteristics and 
processes present In the region:

■ B iogeography -  the overall distribution o f species across 
the WIO and how this reflects the historical and present- 
day processes tha t have led to the suite o f species and 
habitats present today;

■ H ab ita ts  -  the major and unique habitats and ecosys­
tems In the WIO; and

■ Species -  species o f special concern, and that are unique, 
or show unique patterns and behaviours on a global scale.

The first part o f the results describes each o f these In detail, 
w ith  a focus on how they are evident In the WIO.

Potential sites of Outstanding 
Universal Value

The final step was to Identify a shortlist o f sites tha t Illus­
trate how the unique features o f the WIO are expressed to 
the highest level at these locations. In practice the geolog­
ical and oceanographic features tha t were unique for the 
WIO Identified large geographic zones. W ith in these, sites 
w ith  particular Instances o f these tw o  classes o f features, 
and different cases o f biological features, were Identified. 
Thus, w e present these broader geographic zones o f

geological and oceanographic OUV, followed by smaller 
sites w ith  specific Instances o f these values plus the biolog­
ical features o f the Individual sites. This approach empha­
sizes the fact tha t while many o f the features are spread 
across the region, only a few  sites express them to a suffi­
cient level to meet the OUV criteria o f the W orld Heritage 
Convention. A t the same time, It Is not only the sites 
mentioned here tha t m ight meet the criteria, and States 
Parties may consider other sites w ith  sufficient value as 
alternatives.

In the description o f each site, the fo llow ing aspects are 
presented:

■ Site name and location, w ith  approximate geographic 
coordinates, and a description o f the sites.

■ Presentation o f potential OUV -  based on criteria vlll-x of 
the Convention, how one or more o f the features w ith in 
the site are outstanding for the WIO and globally;

■ Geographic scale, Integrity and site type are strongly 
dependent on one another -  designation o f a site may 
vary from small to  large depending on many factors, and 
options fo r this w ith  respect to exclusion/inclusion o f 
multiple other features Including human populations and 
threat sources are discussed. A  key Issue o f concern Is the 
Integrity o f the site necessary to  maintain Its OUV, and 
how geographic scale may Influence this. Scale also Influ­
ences whether a single, cluster or transboundary designa­
tion m ight be appropriate, and the pros and cons o f each 
In the context o f the features for which the site Is 
selected.

■ Threats and Management -  a basic summary o f existing 
or potential threats and management approaches neces­
sary to maintain the OUV o f the site are presented. A  full 
understanding o f threats and management challenges 
would require In-depth socio-economic and contextual 
studies on a site by site basis, and are more appropriate 
for pre-nomlnatlon stages In the process (see Part A).

Information sources

Primary sources o f data Included the tw o  ecoreglonal prior­
itization exercises conducted for the mainland East African 
coast (WWF 2004) and the Indian Ocean Islands (RAMP- 
COI, unpublished) plus scientific data from the literature 
and contributed by experts. Detailed reference lists are 
provided In each subsection. The ecoreglonal studies 
considered a range o f data, focusing on environmental 
factors driving biological patterns and ecoreglonal bound­
aries, habitat distributions and representation, and species 
diversity patterns. They were based on compilations o f data 
where possible, such as temperature, currents, bathymetry 
and cholorophyll, for physical environmental variables, and 
maps o f major habitats and key species distributions.
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Species diversity was considered on the basis o f reported 
species presence and species richness at individual sites, 
where such data are available, such as In marine protected 
areas where surveys have been conducted In the past. It Is 
Important to note, however, tha t rigorous geographic data­
bases for species and habitat distributions are not available 
for the WIO. Richmond (2001), Griffiths et al. (2005) and 
Wafar et al. (2010) all note the exceptionally large gaps In 
species distribution records across the WIO and the Indian 
Ocean. The same Is true fo r habitat distributions, which are 
largely derived from localized studies or unverified Interpre­
tations from satellite Images. These render quantitative 
assessments o f habitat and species distributions Inaccurate, 
requiring an approach based on expert knowledge to 
extrapolate beyond existing datasets. Both the WWF (2004) 
and RAMP-COI (unpub lished) studies fo llo w e d  th is 
approach, and this study builds on these Interpretations 
w ith  new data and additional Insights.

An expert workshop was held In La Reunion, from 14-16 
February 2012, at which Initial findings o f this analysis 
were presented to regional experts fo r com m ent and 
review, and consideration o f additional features and sites 
If necessary. Further consultations w ith  other experts were 
conducted by email, and In all cases supporting documen­
tation was collected.

Marine processes and representation

Under the umbrella o f the Convention on Biological 
Diversity (CBD) and the United Nations Environm ent 
Program (UNEP), a process to clearly Identify Ecological and 
Biologically Significant Areas (EBSAs) has been underway. 
As In other processes, marine ecosystems, and particularly 
the open oceans and deep seas -  Including Areas Beyond 
National Jurisdiction (ABNJ) or the High Seas -  have been 
among the last systems to be considered. The CBD process 
was given a significant boost when the criteria for Identi­
fying EBSAs were adopted In 2008 at COP9 (IX/20, annex
1). In response, the Global Ocean Biodiversity Initiative 
(GOBI) was formed, w ith support from the German govern­
m ent (President o f the CBD at the time), to  provide

Informal scientific and technical advice and guidance. 
W ith in the CBD process, scientific and technical experts 
met In an expert workshop In 2009 to  provide additional 
scientific and technical guidance on the use and further 
development o f blogeographlc classification systems, and 
to Identify sites which meet the criteria. The Saya de Malha 
Bank was one o f the first sites to  be chosen as an "Illustra­
t ion " o f a place tha t could possibly met EBSA criteria 1, 2, 
3 and 5.

The complementarity o f the W orld Heritage and EBSA 
processes fo r marine sites arises first from the focus o f the 
former on waters w ith in  national jurisdictions, while the 
latter Is focused on the open oceans and deep seas, which 
are often beyond national jurisdiction, though It can also 
apply to waters w ith in  national jurisdiction. Second, the 
three main natural criteria o f OUV (vlll- geological and 
oceanographic processes; lx- ecology, species and evolu­
tion; X -  habitats and conservation), overlap w ith  the seven 
EBSA criteria, so tha t meeting the OUV standards o f World 
Heritage Convention, and scoring High for the EBSA criteria 
should provide generally consistent results.

Another complementary process Is the Identification o f Key 
Biodiversity Areas (KBAs), which has arisen from a variety of 
Institutionally-bound Initiatives such as the Important Bird 
Areas (IBAs) o f BlrdLlfe International, the Top 200 ecoregions 
o f W WF and B iod iversity H otspots o f Conservation 
International. As IUCN states, "KBAs are places o f Interna­
tional Importance fo r the conservation o f biodiversity 
through protected areas and other governance mecha­
nisms. They are Identified nationally using simple, standard 
criteria, based on their Importance In maintaining species 
popu la tions". The primary difference w ith  the W orld 
Heritage criteria Is that these are applied, and assessed, on a 
global basis, while KBAs, though the criteria are International 
In scope, are assessed and selected on a national basis. 
However a new Initiative coordinated jo intly by the IUCN 
Species Survival Commission and the W orld Commission on 
Protected Areas (Consolidating the global standards for the 
Identification o f sites o f biodiversity conservation signifi­
cance) Is currently evaluating criteria and processes to stan­
dardize the Identification o f KBAs across the world, and for 
terrestrial and marine realms.

EBSA Criteria
1 ) Uniqueness or rarity
2) Special Importance for life history o f species
3) Importance for threatened, endangered or 

declining species and/or habitats
4) Vulnerability, fragility, sensitivity, slow recovery
5) Biological productivity
6) Biological diversity
7) Naturalness

Key references -  Abdulla et al. (In prep); Badman et al. (2008); 
Briggs (1974); Dingwall et al. (2005); Ehler & Douvere F (2011); 
Griffiths (2005); Hillary et al. (2002); IUCN (2006); Kelleher et al.
(1 995); Laffoley & Langley (2010); Norse et al. (2005); Obura DO (In 
review); RAMP-COI (unpublished); Randall (1998); Richmond (2001); 
Roberts et al. (2002); Spalding et al. (2007); Spalding M (2012); 
UNESCO (2008); Wafar et al. (2011); World Heritage Committee 
(1 994); WWF (2004).
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Unique marine features of the Western Indian Ocean

Geology
The Western Indian Ocean alone contains every type of 
tectonic plate boundary, both active and fossil, some o f the 
deepest fracture zones, the most complex mid-ocean ridge 
configurations and some o f the th ickest sedimentary 
sequences o f the world's ocean basins. It is one o f the most 
geologically diverse ocean basins on the planet. The conti­
n e n ta l land mass o f  A fr ic a , th e  m ic ro -c o n t in e n t 
Madagascar, and the North Seychelles Bank, are remnants 
o f the supercon tinen t G ondwana, da ting  from  pre- 
Cambrian times, over 650 mya, and tha t started to break 
up 180 mya.

Ocean basins -  the Indian Ocean spreading ridge rises to 
just under 2000 m depth, isolating the WIO from deep 
waters to  the east. The four deep basins In the WIO 
In c lu d e  th e  M ad ag asca r (5 5 0 0  m, s o u th e a s t o f 
Madagascar), Mascarene (4900 m, west o f the Mascarene 
Plateau), Mozambique (5000 m, south o f the Mozambique 
channel) and Somali basins (5100 m, between Somalia and 
the Seychelles). Little has been done on the abyssal plains 
and soft sediments o f these basins, though drilling on and 
near the Mascarene Plateau shows thick accumulations of 
marine sediments, and In the Mozambique channel of 
terrestrial sediments.

Plate tectonics -  the ocean floor is composed o f three 
major plates, the African, Indian and Australian plates, and 
the Arabian plate in the north, w ith  an active rift along the 
Central Indian Ocean ridge. The Indian Ocean started to 
form 180 million years ago (mya), when the land mass 
containing the future Madagascar, Australia, India and 
Antarctica split from the African coast. From 120 mya 
Australia started to  separate from Madagascar-lndia, and 
from 80 mya, India started to separate from Madagascar 
and move northwards. From about 70-50 mya the Indian 
Plate exhibited among the highest recorded speeds, up to 
16 cm/yr, potentially as a result o f superplume activity of 
the Reunion hotspot. Currently the Indian and Australian 
plates are rifting away from the African plate, but w ith 
apparently little  m otion relative to  one another. The 
Arabian plate is rifting from the African plate, form ing the 
Red Sea, starting In the Eocene and accelerated during the 
Oligocene.

Hotspots and magmatic provinces -  the Western Indian 
Ocean con ta in s  a num ber o f these, Inc lu d ing  the  
Mascarene-Reunion hotpot, the Comoros hotspot and the 
rem nants o f massive m agm atic extrusions Including 
features in India (Deccan Traps), Madagascar and the 
underwater plateau extending southwards (Cretaceous 
activity) and others.

M ascarene-Reunion ho tsp o t -  at the Cretaceous-Tertiary 
(K-T) boundary, about 67-64 mya, a massive eruption of 
magma that formed the Deccan Traps in India (classified as 
a Large Igneous Province, or LIP) occurred as India was

Bathymetry o f the  WIO showing the spreading ridge to  the 
east, th e  arc o f th e  Mascarene Plateau, deep basins to  the 

north (Somali), center (Mascarene) and south (Madagascar), 
Islands and ridges In the  Mozam bique channel and shallow 
plateau south o f Madagascar.

© topex; http://topex.ucsd.edu/marine_topo/
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Plate structure o f th e  Indian Ocean. © W¡k¡med¡a

already moving away from Madagascar, and is Implicated in 
the stranding o f part o f the Indian continent as part o f the 
northern Seychelles bank in the middle o f the ocean. The 
'superplume event' tha t produced the Deccan Traps may 
have played a role in the last o f five mass extinctions tha t 
have occurred in the Earth's history, at the K-T boundary, In 
which all the dinosaurs and up to 30 % o f genera o f many 
marine taxa (including corals), w en t extinct.

Following this, the Mascarene-Reunion hotspot remained 
active, and combined w ith the rapid tectonic movements of 
India, has produced a unique mid-ocean feature -  the 
volcanic islands and carbonate-topped banks o f the 
western and central Indian Ocean, the Mascarene Plateau.

http://topex.ucsd.edu/marine_topo/
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Plate structure o f the  Indian Ocean.

©Müller, R. D., M. Sdrollas, C. Galna, and W. R. Roest, 2008.

Deccan Traps 66-68

Lakshadweep 60

Maldives 57

Chagos 49

Saya de Malha 45

Nazareth 31-33

Cargados Carajos 30

Mauritius 8

Reunion 2

H otspot track and approxim ate age o f banks and islands.

©David Obura

Starting w ith  the Lakshadweep -  Maldives chains (57-60 
mya), the series o f banks and Islands strung southwards 
down the Indian Ocean were produced: the Chagos archi­
pelago (48mya), Saya de Malha (45 mya), Nazareth and 
Cargados Carajos banks (34 mya), Mauritius (7-8 mya) and 
finally, Reunion (0-2 mya), which is still volcanically active 
today. Two com plications add fu rthe r interest to  this 
system: the northern Seychelles bank and its granitic Islands 
are remnants o f continental rock, stranded in mid-ocean as 
India passed over the spreading ridge 65 mya. Second, the 
spreading ridge Itself moved over the hotspot about 45 
mya, splitting the Chagos and Saya de Malha banks, and 
form ing a kink in the otherwise continuous chain from 
India to Reunion. These Islands and banks form a classic 
example o f the progression from volcanic high islands to 
sunken coralline banks, from Reunion to India, charting the 
span o f the entire Cenozolc era.

M arlon  h o tspo t - M adagascar Plateau -  the continental 
fragm ent o f Madagascar lay over the Marion hotspot 
during the Cretaceous, w ith  significant evidence o f activity 
during this period In south o f the Island. The submarine 
Madagascar Plateau was formed by basaltic lava from the 
Marion hotspot, as Madagascar and Antarctica separated 
during the Cretaceous. Called the Rowley shoals in 
maritime charts and known for highly turbulent conditions 
Induced by the Plateau, this geological feature is a south­
ward extension o f Madagascar at depths o f 1,000 -  2,000 
m, rising above the deeper basins to the east and west up 
to 5,000 m deep. Activity o f the Marlon magmatic plume is 
also implicated in the breakup o f Madagascar and India, 
and India's rapid m igration northwards preceding the 
activity o f the Mascarene-Reunion hotspot.

M o z a m b iq u e  C h a n n e l -  w ith in  the  M ozam b ique  
channel, the Davies ridge runs north-south between about 
13 and 18°S, rising to nearly 300 m below the surface, w ith

origins reminiscent o f old continental or lithospheric frac­
tures left over by the initial separation o f Madagascar 
from the African continent. The form ation o f the Comoro 
archipelago is poorly known, w ith  one theory based on 
magmatic extrusion associated w ith  these lithospheric frac­
tures. An a lte rna tive  exp lanation emphasizes recent 
volcanic activity during the Miocene from about 10 mya, 
such as o f the M ontagne d'Ambre, a large massif at the

■___ ¡ SIO Closures
EEZ Boundary 
EEZ Seamounts

High Seas Seamounts
•  Summits < 2,000 m
•  Summits > 2,000 m 

Depth (Etopo2)

■ ■  > 2,000 m 
I I < 2,000 m

Seamounts in the  Western Indian Ocean, shown as green 
dots. © John Guinotte, Marine Conservation Institute
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Some consequences o f these features o f the W IO  region

Tectonic/hotspot implications

Both plate movements and hotspot 
a c tiv ity  In the  W IO had m ajor 
consequences In the history o f not 
only the Indian Ocean but also the 
planet, including the K-T extinction 
event, form ation o f the Mascarene 
Plateau, and fusion o f India w ith 
Asia.

Age, location and climate

The African and west Madagascan 
coasts are the oldest coastlines o f 
the Indian Ocean, dating from their 
b reakup  a lm os t 180 mya. The 
Mozambique Channel may be one 
o f the oldest tropical coastlines, and 
perhaps a stable refuge over many 
tens o f millions o f years

A frica /M adagascar have moved 
little over the last 65 million years 
(some northward migration, on the 
order o f 15° latitude), and their 
relative positions have remained 
relatively constant.

Oceanography

The evolution o f tectonic features 
and changes over tim e Influence 
the pattern o f ocean currents, w ith 
potentia lly profound and unique 
consequences on the evolution of 
life in the WIO and broader IO and 
adjacent seas.

northern tip  o f Madagascar. This preceded activity o f the 
Comoros hotspot which has produced the Comoros archi­
pelago, ranging from the oldest island, Mayotte (5.4 mya), 
to  the  youngest island, Ngazidja (G rande Com ore, 
= 130,000 ya).

Seychelles-Mascarene a c tiv ity  -  A  complex geological 
history is also suggested by the multiple islands and groups 
in the Seychelles, such as the Aldabra group, Farquhar/ 
Providence and the Amirantes. The island o f Rodrigues is 
associated w ith  the Soudan bank tha t stretches between it 
and Mauritius, and are a result o f the complex fractures 
extending at right angles from the Central Indian Ocean 
ridge. Capping these diverse geological is land/bank 
features, are a diverse array o f shallow-water carbonate- 
producing systems, from classic island-arc subduction series 
o f fringing -  barrier -  atoll -  submerged reefs (Mascarene 
Plateau and Com oros-G lorieuses islands) to  isolated 
carbonate caps (Farquhar, Amirantes).

Seamounts in the WIO are concentrated on the mid-ocean 
ridges, particularly the South West Indian Ridge to  the 
south o f the WIO, and scattered around the Mascarene 
Plateau, most likely a result o f the same features that 
formed the individual island and bank systems mentioned 
above. These latter seamounts are the only ones w ith in  the 
EEZs o f the regional countries.

Key references -  All & Huber (2010); Cande & Stegman? (2011); 
Duncan (1990); Dyment (2004); Parson & Evans (2004); Rajan et al. 
(undated).
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Oceanography

GW

SEC

60 °E

July to  August (southern w in te r).
© Schott and McCreary 2001

The oceanography o f the Western Indian Ocean is dom i­
nated by three features arising from  its geology and 
tectonic history -  the Asian landmass in the north, the 
island o f Madagascar, and the Mascarene Plateau -  and 
their interactions w ith the eguatorial and western boundary 
currents o f the Ocean basin. The Asian landmass drives the 
seasonal monsoon system that dominates the climate of 
this region o f the globe, w h ile  Madagascar and the 
Mascarene Plateau Interact w ith  the currents Imparting 
meso-scale (features on a scale o f about 100-500 km) 
dynamics tha t are unlgue to the ocean. The dominant 
features o f the oceanographic processes In the WIO are:

The South E quato ria l C u rren t (SEC) enters the WIO as a
broad slow surface current stretching from about 5 -1 6°S, 
fed from the Indonesian Through-Flow w ith  waters from 
the Pacific, and passing by the Chagos archipelago at Its 
northern edge, which forms a significant stepping stone for 
species and genetic connectivity. A t the Mascarene Plateau 
the SEC Is partially blocked, w ith  50%  o f its flow  forced 
through the narrow gap between the Saya de Malha and 
Nazareth banks at about 12°S, a small proportion flows 
north o f Saya de Malha to the main Seychelles Bank, and 
the balance flows south o f the Cargados Carajos bank, 
concentrated at about 17-18°S. Approaching Madagascar, 
the main flow  o f the current is at about 17°S.

In the M o za m b iq ue  Channel, the tip  o f Madagascar 
Island, the Comoros-Glorieuses chain, and the narrowest 
point in the channel, at 16°S, interact w ith  the flow  o f the 
SEC and open ocean features such as Rossby waves to

u 'inter monsoon
's c

NMC

SECC

S. Ac c

20 °E 40 °E

January -  February (southern summer).
© Schott and McCreary 2001

generate unique and highly dynamic meso-scale features. 
The "G lorioso Front" likely marks the transition from the 
SEC to the waters o f the channel, where a series o f cyclonic 
and anti-cyclonic eddies and an in term ittent gyre around 
the Comoros chain are Induced. Driven by these features, 
water may flow  in any direction resulting In a highly mixed 
and dynamic water body, w ith  a more concentrated south­
ward flow  starting at the channel narrows extending in a 
narrow  je t o f h igh ly dynamic w a te r o ffshore o f the 
Mozambique coast. Complex forcing o f biological parame­
ters results from these dynamics, including up- and down- 
welling in the eddies and their Interactions w ith  the conti­
nental shelves and slopes below at least 1000m depth. As 
a result, the Mozambique channel is one o f the most ener­
getic western boundary zones o f all the world's oceans.

Curling around the southern tip o f Madagascar, the rapid 
f low  o f the East Madagascar Current interacts w ith  the 
M adagascar P lateau, which extends southwards over 
1000 km at depths o f 1000 to 2000 m. This results in 
highly dynamic nearshore eddies and nearshore-offshore 
upwelling over 100s o f square km o f sea, fertilizing highly 
productive food webs. A t the transition zone between trop­
ical and subtropical regions, this also results In unique 
communities and high levels o f endemism.

A t the SW corner o f the WIO, the A gu lh as  C u rren t 
receives water from these tw o  hyper-variable and produc­
tive source regions -  the Mozambique Channel and the 
Madagascar Plateau -  merging Into one o f the fastest and 
narrowest coastal boundary currents In the world. Most of
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the Agulhas waters turn 180° (retroflect) and return into 
the southern Indian Ocean at about 40°S. A long w ith  an 
east-flowing current at about 24°S tha t was only recently 
discovered, these currents influence the southern Indian 
Ocean and the Mascarene Islands. A t the Agulhas Current 
retroflection a small number o f 'rings' pinch o ff and enter 
the south A tlan tic , feeding w arm er waters in to  the 
A tlantic surface circulation.

In the north, the seasonally reversing Somali C u rren t and 
seasonal n o rth e rn  Ind ian Ocean gyre are dominated by 
the influence o f the Asian land mass and the monsoons, 
resulting in a highly dynamic system o f currents and an 
in term ittent North Equatorial Counter Current tha t returns 
water from the East African coast towards the Seychelles, 
at about 0-2°S.

Ocean-climate interactions

The Western Indian Ocean interacts w ith  regional and 
global climate systems on three scales -  seasonal, interan­
nual to  decadal and over the long term. The m onsoon 
seasonality o f the Indian Ocean is perhaps one o f the 
strongest ocean-climate interactions on the planet. Driven 
by the summer-winter oscillation o f solar heating over 
Asia, it results in oscillating trade winds and associated 
shifts in currents in the Indian Ocean. During the southern 
winter, when the sun is over Asia and North Africa, the 
resulting low pressure system sucks in air masses from the 
south resulting in southeasterly winds, associated w ith 
cooler temperatures and generally rough conditions in the 
Indian Ocean. During the southern summer, northeasterly 
winds are established drawing hotter dry air from Asia and 
the Sahara southwards. In between these seasons, calmer 
inter-monsoon doldrum conditions prevail. The alternating 
winds cause current reversals in the northern part o f the

Legend
SST-mean
■ ■  38 244S90

Mean sea surface tem peratures across th e  WIO.
©Ocean colour AquaMODIS level 3

Mean cholorophyll concentrations across the  WIO.
©Ocean colour SeaWIFS level 3

C om plex eddies and cu rre n ts  In th e  W IO  and In th e  
M ozam bique channel are shown as areas w here sea level 
Is s lightly h igher (red) and sligh tly  low er (blue) as a result 

o f these curesnts.
© http://www.avlso.oceanobs.com/en/appllcatlons/ocean/lndex.html

Indian Ocean dipole, show ing a positive mode w here the  
W IO Is w arm er w ith  high cloud and ra infa ll, and th e  east­
ern part o f the  Indian Ocean Is cooler.

© http://www.jamstec.go.jp/frsgc/research/d1/lod/lod_home.html.en

http://www.avlso.oceanobs.com/en/appllcatlons/ocean/lndex.html
http://www.jamstec.go.jp/frsgc/research/d1/lod/lod_home.html.en
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Indian Ocean, where the Somali Current and northern 
Indian Ocean gyre oscillate between the seasons. The 
monsoon does not reverse currents in the south, but it does 
strongly modulate their speed and variability.

V a ria b ility  am ong years is due to the Indian Ocean's 
equivalent o f the Pacific Ocean's El Niño Southern Oscillation 
(ENSO), known as the Indian Ocean Dipole (IOD). As w ith 
the ENSO, the IOD reflects differences in sea surface 
temperature, and therefore rainfall and winds, between the 
eastern and western parts o f the ocean, m oderating 
seasonal conditions across the ocean. These patterns of 
variability are further influenced by other oceanographic 
features o f the WIO, including a Seychelles-Chagos 'ridge' 
in the thermocline tha t affects sea surface temperatures 
and thereby ocean-atmosphere interactions, and decadal 
features similar to  the Pacific Decadal Oscillation (PDO).

W ith  relevance to long te rm  g lo b a l c lim a te  trends,
leakage o f Agulhas Current rings into the south Atlantic 
may be among the main contro lling factors affecting 
global climate dynamics historically, and perhaps under a 
changing climate, due to their role in the ocean circulation 
conveyor belt.

Paleo-oceanographic history

Little is known about the oceanographic history tha t in flu­
ences the WIO, but emerging research is highlighting some 
key features tha t may have contributed to today's unique 
features in the WIO. Until the closure o f the Tethys Sea (30- 
15 mya), it is likely tha t ocean currents linked the Tethys 
and the WIO. Equatorial currents crossing the Indian Ocean 
from east to west were first blocked by India as it migrated 
northwards (65-40 mya), and then likely by the string of 
islands and banks produced by the Mascarene-Reunion 
hotspot (45-20 mya) that now form the Mascarene Plateau. 
Further, before the Miocene, there was very little develop­
ment o f the shallow marine communities tha t are dom i­
nant today (e.g. coral reefs) in w hat is now southeast Asia. 
These communities only began to form at the start o f the 
Miocene, 24 mya, when the Australian and Asian plates 
collided and formed the Indonesian island arc. As a result, 
up to 24 mya it appears tha t shallow marine habitats in the 
WIO had a primary connection w ith  the Tethys Sea as it 
closed, and only subsequent to that, a primary connection 
w ith  the emerging center o f diversity in the Southeast 
Asian region.

Key references -  Beal et a!. (2010); Belkin & Cornillon (2007); 
Guyomard et al. (2006); Hermes and Reason (2008); Lutjeharms
(2006); Obura (2011); Palastanga et al. (2006); Penven et al. (2006); 
Ridderinkhof et al. (2010); Saji et al. (1 999); Schott and McCreary 
(2001); Schott et al. (2009); Ternon et al. (2012).

Some consequences o f these features o f the W IO  region

Open ocean

S ha llow  seas -  sheltered 
by th e  s h a llo w  b u t 
submerged eastern rim o f 
the  banks, th e  Saya de 
M a lh a , N azare th  and 
Cargados Carajos banks are 
essen tia lly  sh a llo w  seas 
(app rox . 1 5 to  > 200  m 
deep) covering over 50,000 
km 2 surrounded by deep 
ocean.

P rod uc tiv ity  -  the mixing 
o f waters by the Mascarene 
Plateau and banks is shown 
by higher levels o f chloro­
phyll over the banks and 
downstream o f them, fe rtil­
izing the open ocean.

M ozam bique Channel

C o nn ec tiv ity  -  eddies result in efficient east- 
west exchange, and the presence o f islands within 
the channel increase the potential continent- 
island and Island-Island connections driven by the 
eddies

Seasonality -  monsoon seasonality is marked in 
the northern part o f the Channel, enhanced by 
the intrinsic variability o f mesoscale dynamics.

P ro d u c tiv ity  -  the mesoscale dynamics have 
profound impacts on food webs in the channel, 
and the dynamics and movement o f higher level 
consumers such as turtles, seabirds and marine 
mammals. Green turtles show strong genetic 
differentiation into tw o  populations, one in the 
north, the other in the southern and central 
M ozam bique Channel. This may re flec t the 
currents in the  channel, th a t in fluence the 
dispersal o f juveniles and separate sub-stocks for 
multiple species groups

Ecotones

In bo th  no rth  and south, 
h ig h ly  p ro d u c tive  coo le r- 
w a te r  system s (Som ali 
u p w e llin g , M adagascar 
Plateau upwelling & Agulhas 
C u rre n t)  c o m b in e  w ith  
currents from other regions 
(Red Sea/Gulfs in the north, 
te m p e ra te  w a te rs  in the  
south) to  produce unusual 
and energetic oceanographic 
dynam ics and p ro d u c tive  
ecosystems
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Biodiversity and biogeography

Biogeography

The IUCN Commission on National Parks and Protected 
Areas (CNPPA), now the W orld Commission on Protected 
Areas (WCPA), commissioned a study tha t together w ith  a 
major text by Longhurst (1998) has laid the basis for recent 
marine biogeographic analyses. The East Africa (region 12) 
corresponds to  the region more commonly known now as 
the Western Indian Ocean. In 2007 the Marine Ecoregions 
o f the W orld (MEOW) classification scheme updated work 
done up to  tha t point, dividing the world's oceans Into 12 
realms, 62 provinces and 232 ecoregions

In the MEOW scheme, the Tropical Indo-Pacific is divided 
Into 4 realms -  the West, Central and East Indo-Paclflc, and 
the Eastern Pacific Realms. The West Indo-Pacific Realm 
extends from East Africa and the Red Sea to include the 
Andam an Sea and western Indonesia. W ith in  It, the 
Western Indian Ocean (WIO) Is recognized as a Province, 
and 6 smaller provinces are ranged along the Asian coast­
lines from the Red Sea to  Thailand and Indonesia. Nine 
ecoregions w ith in  the WIO are proposed in the MEOW 
scheme. W ith in the WIO, conservation planning has been 
done for the mainland (WWF, 2004), and for the oceanic 
islands and Madagascar (RAMP-COI, unpublished), w ith 
the aim o f identifying globally, regionally and nationally 
significant areas.

Biogeographic classifications are based on an area having a 
distinct fauna and flora, w ith  unique features not found In 
other regions. The distinctness o f the fauna and flora may 
relate to the geographic distributions o f species, levels of 
species and genetic diversity and/or levels o f endemism.

Drivers o f biogeography -  the distribution o f species In 
the marine environment is driven principally by ocean 
currents, which themselves are constrained by geology. 
The four main oceanographic features o f the WIO (see 
Features/Oceanography) identify the main patterns o f 
species distributions to be found in the Province:

■ an Indo-Pacific fauna common across all tropical Indo- 
Pacific realms, carried on the South Equatorial Current 
from the center o f biodiversity located In southeast Asia;

■ a hlgh-dlverslty region in the northern Mozambique 
channel apparently related to  the eddies tha t retain 
larvae there, the complex coastlines and its geological 
history;

■ decreasing diversity north and south as currents flow  out 
o f the northern Mozambique Channel, w ith  transitions 
towards the northern and southern extremes due to 
mixing w ith  other water masses and climatic regions: In 
the north w ith  the extreme environments and habitats in

M E O W - Provinces w ith in  the  West Indo-Paclflc Realm. The 
Western Indian Ocean Is # 20. ©Spalding et al. 2007

Ecoregions w ith in  th e  W estern  Ind ian  Ocean, plus 

Chagos (#106) ©Spalding et al. 2007

W IO  Ecoregions (M EOW )
94 North Monsoon Current
95 East Africa Coral Coast
96 Seychelles
97 Cargados/Tromelin
98 Mascarene Islands
99 South & East Madagascar

100 West & North Madagascar
101 Sofala
102 Delagoa
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the Red Sea, Gulf o f Aden and Persian Gulf, and In the 
south, w ith  the temperate systems o ff the Madagascar 
Plateau, South Africa and the southern Indian Ocean; and

■ relative Isolation o f the Islands (Seychelles In the north, 
and the Mascarene Islands In the south) In ocean gyres, 
resulting In distinct species assemblages and higher 
endemism due to  their Isolation. In the Seychelles, mixing 
w ith tropical provinces to the north results In a distinct 
fauna w ith mixed affinities. In the Mascarene Islands, Isola­
tion from the SEC and the higher diversity ecoregions In 
the Mozamblgue Channel, and no other adjacent tropical 
fauna to the south, results In higher levels o f endemism.

Key aspects o f biodiversity and blogeographlc patterns rele­
vant to the WIO are summarized here.

conservation based simply on species counts should not be 
done w ith o u t strong supporting evidence and ancillary 
In fo rm a tio n  on eco logy, oce an og ra ph y  and o th e r 
processes th a t support b iod ivers ity  (see exam ple In 
Features - Coral reefs).

E m erg ing ev idence  Is sh o w in g  th a t  the  n o rth e rn  
Mozamblgue channel Is a center o f diversity for the WIO, 
very likely a result o f high levels o f connectivity due to the 
South Eguatorlal C urrent and M ozam blgue Channel 
eddies. Because the WIO may also have the highest diver­
sity o f the Indian Ocean (except for the Andaman Seas, 
which are faunlstlcally more related to the Central Indo- 
Paclflc Realm, or Coral Triangle), the northern Mozamblgue 
channel may be the second peak o f shallow marine biodi­
versity In the world, after the Coral Triangle.

Species diversity Endemism

Historically, species diversity across the Indo-Paclflc region 
has been seen as one o f generally linear decline In all direc­
tions from the hlgh-dlverslty center In the southeast Aslan 
region, or Coral Triangle, Illustrated fo r corals by analyses 
up to the early 2000s tha t found decreasing diversity 
towards the African coast, w ith  In some cases a higher 
peak o f diversity In the Red Sea due to  endemism. 
However recent reviews o f the biodiversity literature note 
the exceptionally large gaps In species distribution records 
across the WIO and the Indian Ocean, such as on the East 
African coast. Thus, even today, prioritization exercises for

In con trast to  the high diversity core region In the 
Mozamblgue Channel, regions w ith  highest endemism 
tend  to  be h igh ly  Isola ted. The M ascarene Islands 
(Mauritius, Reunion and Rodrigues) In the southwest Indian 
Ocean are the most Isolated o f the tropical marine fauna of 
the WIO. They are south and east o f the strong SEC and 
East Madagascar currents, and In a region tha t experiences 
Interm ittent currents In eddies tha t separate from those 
tw o  currents, as w e ll as return f lo w  from  southern 
Madagascar In the South Indian Ocean gyre.

Endemic corals in the WIO

1. Anomastrea irregularis
2. Ctenela chagius
3. Horastrea indica
4. Parasimplastrea sheppardi
5. Physogyra lichtensteinii

All photos: ©David Obura
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Endemic fish to  the WIO

The degree o f endemism o f reef fish in the Mascarene 
fauna is among the highest for reef fish, ranked fifth  glob­
ally, comparable to levels reported for the remote Island 
groups o f the east part o f the Pacific, such as the Hawaiian 
Islands, the Galapagos and Easter/PltcaIrn Islands. Among 
2086 reef fish known from the Indian Ocean, 25%  are 
endemic. The highest level o f endemism occurs In the 
Mascarene Islands w ith  37 species endemic just to those 
Islands ou t o f a total o f 819 species. Other reef taxa, partic­
ularly Invertebrates, are too poorly sampled In the Indian 
Ocean to  make meaningful regional comparisons. The life 
history o f marine taxa Is also Important In understanding 
endemism -  for example In the remote Islands o f the WIO 
there Is a high percentage (70%) o f hydrozoan species that 
lack th e  m edusa stage In th e ir  life  cycle, fu r th e r  
contributing to high diversity through endemism.

Ecotones

Fusiliers o f th e  W IO are still being described -  here the  
w idesp read  Pterocaesio m arri and an u n id e n tif ie d  
species. © M e lita  Samoilys

A t the boundaries between major drivers o f biodiversity 
processes, e.g. between provinces In the MEOW classifica­
tion, and In some cases between ecoregions, the mixing of 
species from the different regions can result In unique and 
unusual species assemblages and habitats. Examples of 
these In the WIO Include:

Chaetodon interruptus -  widespread Indo-Pacific butter- 
flyfish showing Indian Ocean colour form .

© M e lita  Samoilys

Key references -  Allen (2008); Carpenter et al. (2011); Faure
(2009); Fricke et al. (2009); Gravier-Bonnet & Bourmaud (2006); 
Griffiths (2005); Kelleher et al. (1995); Longhurst (1998); Obura 
(2012); Obura (In review); Pichón (2008); RAMP-COI (unpublished); 
Richmond (2001); Roberts et al. (2002); Samoilys et al. (2011); 
Sheppard (1987); Sheppard (2000); Spalding (2012); Spalding et al.
(2007); Veron (2000); Wafar et al. (2011); WWF (2004).

■ the Seychelles Islands, particularly In the north, w ith  a 
transitional fauna w ith  the northern Indian Ocean, 
Including the Red Sea/Gulfs and south Indian and Sri 
Lankan coasts;

■ the Northern Monsoon Coast In northern Kenya, w ith  a 
transitional fauna between the main East Africa tropical 
zones, and the Somall-Arablan systems driven by cool 
nutrient rich upwelling;

■ the South African, southern Mozambique and southern 
Madagascar faunas w ith  a mixed fauna between tropical 
and temperate regions.
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Aerial v iew  o f the  reefs around M ayotte  in the  Comoro 
archipelago. Fringing reefs g row  around the  island shore­
line. The offshore barrier reef started g row ing  when sea 

level was lower, as a fr ing in g  reef around a much larger
island. ©David Obura

Coral reefs

Coral reefs In the WIO extend from the most northern parts 
o f the Indian Ocean to  the South African coast at 32°S. 
They are found along the continental coastlines o f East 
Africa and Madagascar where there are no major river 
systems, on all the small Islands, and on parts o f the 
submerged banks tha t are both shallow enough and have 
some variation In topography. They are Intimately associ­
ated w ith  seagrass beds, w ith  much o f w ha t Is called 'coral 
reef habitat' being fla t open seagrass and sand beds In 
between rocky outcrops and true reef structures. In shel­
tered locations mangrove stands are often associated w ith 
reef and seagrass habitats, though the hlgh-sedlment and 
freshwater conditions supporting the largest mangrove 
systems In East Africa prevent the growth o f Immediately 
adjacent coral reefs. The coral reef fauna o f the WIO Is a 
mainstream com ponent o f the Indo-Paclflc region, w ith 
very high faunal affin ities stretching across the Indian 
Ocean to the southeast Aslan and West Pacific regions. 
However, new Insights Into the fossii record o f reefs Is 
raising the possibility o f a distinct evolutionary history of 
coral reefs In the WIO, and by extension, o f other shallow 
marine habitats and their species, raising the possibility of 
a unique regional fauna.

Reef geomorphology

Charles Darwin firs t described the process o f transition 
from  fr in g in g  to  barrier to  a to ll reefs, pa rtly  from  
observations In the Indian Ocean, Including the Chagos 
Archipelago and Aldabra A to ll. The WIO has a variety o f 
offshore bank reefs and Island/continental reef systems, 
representing a fu ll range o f reef form ations:

■ f r in g in g  reefs are found around all the Islands and the 
East African coast;

■ b a rr ie r reefs are most strongly developed at Tulear 
(Madagascar) and around Mayotte (which also contains a 
second/inner barrier w ith in  Its lagoon), and partially 
developed or poorly known In several locations - the west 
coast o f Mauritius (Mahebourg), south side o f Mohéll 
(Comoros);

■ a to lls  are fo u n d  In the  Seychelles (e.g. A ldabra , 
Cosmoledo, Farquhar, Alphonse) and In the Iles Éparses 
(Europa, Bassa da India), and submerged atolls at Zélée 
and Geyser;

■ coral banks are numerous, such as those offshore of 
major coastlines (e.g. Mallndl -  Kenya, Leven and Castor -  
NW Madagascar, African Bank -  Mozambique), and the 
very large banks o f the Mascarene Plateau - Cargados 
Cajaros, Nazareth and Saya de Malha, and the North 
Seychelles Bank.

A typ ica l shallow coral com m unity dominated by fast grow ­
ing Acropora (staghorn) corals.

© Cheryl-Samantha Owen/ www.samowenphotography.com

Corals g row  up to  sea level build ing up the  reef fram ew ork 
over several hundreds to  thousands o f years, fo rm ing  all 

th e  reef types -  fr ing in g , barrier, a to ll and banks.
© Cheryl-Samantha Owen/ www.samowenphotography.com

http://www.samowenphotography.com
http://www.samowenphotography.com
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The Millennium Coral Reef Mapping Project developed a 
single global classification o f geomorphologlcal classes for 
reefs, defining 800 different classes. Application o f this 
method to the WIO Islands conducted by the RAMP-COI 
project resulted In Identification o f 199 classes (25% o f the 
global geomorphologlcal diversity). Madagascar had the 
highest d iversity w ith  86 geom orpho log lca l classes, 
fo llowed by Seychelles and Mauritius w ith  54 and 53 
classes respectively, then Mayotte (42), Comoros (28), the 
Iles Éparses (16) and Reunion (4). Using these classes, the 
sum o f reef and non-reef areas In the Islands equaled 
approximately 14,000 km2 and 50,000 km2 respectively. 
Madagascar and Seychelles had the largest reef areas, 
w ith  5000 and 5400 km2 o f reef area respectively. The 
atolls, banks and Islands had approximately 9000 km2 of 
reef. The Seychelles Bank alone represents 42,800 km2 of 
non reef area. The East African continental coast has not 
yet been classified.

Corals

Continental reefs In the WIO are distinguished from other 
Indo-Paclflc reefs by the dominance o f mono-specific 
stands In genera such as Galaxea, Lobophyllia, M ontipora  
and Porites. More typical Indo-Paclflc reef assemblages are 
also common on the Islands and mainland, dominated by 
branching corals In the genera Acropora  and Isopora, and 
mixed com m unities Including genera In the fam ilies 
Faviidae, Mussidae, Petl n 11 dae. Fungiidae and others. 
Endemic coral species In the WIO (with the ranges o f some 
extending to  the northern Indian Ocean) Include Ctenella 
chagius, Craterastrea laevis, Horastrea indica, Gyrosmilia 
in terrupta, Anom astrea irregularis and Parasimplastrea 
sheppardi w ith  the first tw o  species only recorded recently 
from Chagos and Mauritius, and Mayotte and Madagascar, 
respectively. Regional endemics tha t are so rare they have 
no t been recorded In decades Include A streosm ilia , 
Erythrastrea and Machadoporites. The taxonomic position 
o f these species Is In question, raising the possibility of 
endemism at higher taxonom ic levels than previously 
thought, and a unique lineage o f corals In the Western 
Indian Ocean. Recent genetic research has shown tha t the 
genera Stylophora and Siderastrea have ancestral species In 
the WIO/Red Sea region compared to  younger species 
farther east In the Pacific, and In the form er case, higher 
levels o f genetic diversity In the WIO/Red Sea. These results 
are also suggestive o f so-far-unknown levels o f diversity In 
the WIO and a distinct evolutionary heritage compared to 
the broader Indo-Paclflc.

Cluster 
A NMC 
V  NMC D 
•  tel 
»  Mons

N um be r o f species

A  revised v iew  o f coral d iversity in the  WIO, w here diver­
sity in th e  northern M ozam bique channel (NMC) is h igher 
than  sites to  th e  north , south and east in th e  islands.

©Obura 2012

Coral reefs support a high diversity o f o ther taxonom ic 
groups, such as those dependent on th e  corals themselves 
fo r  hab ita t. For example damselfish (top) and crustaceans 

(below) have adapted to  live among coral branches.
©Melita Samoilys (top)/©Keith Ellenbogen (below)
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Significance

Coral reefs are among the most blodlverse o f marine 
ecosystems, w ith  93,000 species o f coral reef organisms 
currently described, o f which some 4,000 are fish and 800 
are corals. Depending on assumptions, scientists estimate 
from 1-3 million species may depend on coral reefs, repre­
senting as much as 25%  o f marine biodiversity.

More than 500 million people w orldw ide depend on coral 
reefs, and this number may be approximately 15-20 million 
In the WIO. Direct uses o f reef resources Include extraction 
o f fish, Invertebrates and algae for food and other goods

such as for building and pharmaceuticals, recreation and 
the tourism Industry, and as physical Infrastructure for 
maritime transport and coastal protection. For coastal 
communities and societies, reefs may have cultural and 
spiritual significance. Reef resources and services are worth 
an estimated 375 billion dollars each year globally, w ith 
estimates ranging from U$ 2,000 to >100,000 per ha/year 
for reefs In the WIO, depending on whether they support 
artisanal fisheries (at the lower end) to urban coastlines and 
tourism Industries (at the higher end).

Coral reef statistics fo r countries and islands o f the W estern Indian Ocean

M arine  
area 

(000 km2)

Reefs a t 
risk“ %

Reef area 
km2b

Coral
d iversity“

seagrass
spp

MPAs w  
coral reefsd

Fish cons 
per capita 

(kg /yr)

Tanzania 241 99 3580 314/280 10 11 10

M adagascar 1205 87 2230/5076 315/293 10 13 7

M oza m b iq ue 565 76 1860 314/297 8 6C 2

Seychelles 1334 17 1690/5443 310/217 8 14 65

M a u ritiu s 1291 81 870/2693 215/185 2 21 21

Somalia 828 95 710 308/na 4 0 2

Kenya 117 91 630 237/240 13 10 5

M a yo tte 74 100 570/413 216/274 11 1 (6) 15

Com oros 175 99 430/305 314/223 4 1 20

South A frica 1525 na <50 na 3 2 8

Reunion 318 100 <50 168/205 2 1 10

Iles Eparses 692 na na/121 40/209 7 1 0

Trom elin 28/30

Notes

a. Reefs at Risk country estimates reported In Spalding et al. 2001. Country estimates were not given In Reefs at Risk revisited, In 2011.

b. Reef areas are obtained from the World Atlas of Coral reefs, and for the Islands (to the right of the '/') from the Millenium Reef Mapping project. 
Differences In these numbers reflect different methodologies and assumptions about reef habitats and structure.

c. The first numbers are two sources: mainland sites -  Spalding et al. 2001 (World Atlas of Coral Reefs) based on Veron (2000) estimates, based on pre­
dicted numbers of species; Island sites -  Pichón 2009 based on based on field surveys and literature) for RAMP-COI. The second number Is predicted 
species richness based on field surveys (Obura 2012) and are likely underestimates of true diversity. Discrepancies between these numbers are based 
on differences In methods and sources of Information.

d. Numbers of marine protected areas with coral reefs In Madagascar and Mozambique have Increased greatly since the source report publication date, 
these numbers Incorporate estimated Increases. Mayotte: only one MPA covering the entire EEZ (with 6 more strict MPAs).
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Combined threats to  reefs in the  WIO, ranging from  red 
(high) to  blue (low). ©Burke et al. 2011

Threats

Coral reefs are highly valued for their ecosystem services, so 
experience significant use and threat levels throughout the 
WIO. The exploitation o f marine resources, urban pollution, 
terrigenous sed im entation , coastal developm ent and 
tourism are among the main anthropogenic pressures that 
cause degradation o f ecosystems In the region. A  classic 
example o f the combined effects o f these stresses Is the 
Grand Reclf at Tulear -  the largest barrier reef In the Indian 
Ocean, which In the last 40 years has been degraded to a 
state o f virtual death o f the reef system, and the loss not 
only o f ecosystem function, but o f many species, Including 
reef-building corals. Artisanal and small scale commercial 
fishing, and urban pollution and massive sedimentation are 
all Implicated In this loss.

Fishing pressure Is Increasing In all countries w ith  Increasing 
local and global populations, and globalization o f fisheries 
Is resulting In m ounting pressures to even the remote m id­
ocean reefs and banks. Destructive fishing such as w ith 
small-mesh seine nets, poison and dynamite are pervasive 
where national governance mechanisms fall to keep them 
under control. Threats from pollution are less severe In the 
WIO than elsewhere, reflecting the low levels o f Industrial­
ization and maritime trade by global standards, though 
these are Increasing.

The growing global energy demands has led to  Increased 
exp lo ra tion  fo r oil and gas w ith in  the W IO (Kenya, 
Tanzania, M ozam bique, Madagascar and Seychelles). 
Exploration leases o ff the coast and onshore sedimentary 
basins cover the entire west coast o f Madagascar and parts 
o f the east coast. Currently, exploration results Indicate 
significant reserves o f heavy oil and the possibilities of 
lighter crude and gas. Extraction o f these reserves w ill pose 
a serious threat to reefs and other ecosystems.

Climate change Is now recognized as one o f the greatest 
threats to coral reefs worldw ide, particularly from rising sea 
surface tem peratures, and ocean acid ifica tion . Coral 
bleaching has led to substantial damage to coral reefs on a 
global scale (16% o f reefs suffered lasting damage In 
1998 alone), w ith  some parts o f the western Indian Ocean 
losing 50-90%  o f their coral cover (e.g. Kenya, Tanzania, 
Seychelles, Mayotte).

Regional studies o f coral bleaching have revealed differen­
tial histories o f bleaching, Indicating high- and low- vulner­
ability regions to  potential future climate change. Reefs In 
hot stable temperature regime waters In the east o f the 
Mozambique channel and the Seychelles, and In cooler but 
more variable regions In Kenya have suffered greater 
bleaching In the past. Regions w ith  slight cooling from 
upwelling and oceanographic Influences -  along the 
Mozambique coast, or In the Mascarene Islands have 
suffered less bleaching, or more variable levels o f bleaching. 
For the Indian Ocean as a whole, 65%  o f reefs are at risk 
from local and global threats, rising to  > 85 % by 2030.

MOZAMJK

5CUTH AFRICA

Susceptibility to  therm al stress, w ith  darker colours indicat­
ing higher suscptibiIity and risk o f coral bleaching.

©Maina et al. 2008

Status o f W IO  coral reefs in 2008 (GCRMN)

Percent 
o f reefs: destroyed critical threatened low  th rea t

M ainland 15 22 28 35

Islands 9 24 39 29
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Management, mitigation 
and restoration

The tw o  existing W orld Heritage marine sites In the WIO, 
Aldabara and ISImangallso, both contain coral reefs making 
them among the best-represented habitats so far on the 
W orld Heritage List In the WIO. This Is also true globally, 
where almost half o f the 45 marine W orld Heritage sites 
contain coral reefs as a significant feature.

Coral reefs are strongly affected by local threats, thus 
targeted management at local scales Is the most successful 
course o f action for conservation. Fisheries management, 
to reduce the proportion o f fish stocks extracted, area- 
based management In MPAs, to  protect key locations, 
breeding stocks and a proportion o f total habitat area, and 
Integrated Coastal Zone Management (ICZM), to  reduce 
land-based Impacts on coral reefs are the three main tools.

MPAs have been extensively applied In the WIO w ith  a 
focus on coral reefs. In the Islands, there are currently over 
51 marine protected areas (parks and reserves) and fisheries 
reserves representing around 5000 km2, plus tw o  whole- 
EEZ MPAs designated In 2011 and 2012, In M ayotte 
(70,000 km2) and Glorieuses (48,000 km2). On the main­
land, a consistent audit o f MPAs has not been done 
recently, though Kenya, Tanzania and South Africa have up 
to 10% o f their territorial waters under some form o f area- 
based protection. Most management areas, and certainly 
the large ones, are under governm ent con tro l, w ith  
Increasing popularity o f community -  managed areas In the 
last decade, though these are mostly small In size.

W ith the advent o f climate change as the most significant 
region-wide threat to  coral reefs, and limited ability of 
regional countries to contribute to global efforts to reduce 
greenhouse gas emissions, com m itm ent to local actions to 
buy tim e for corals to adapt and acclimate to  the changing 
climate Is essential. Thus management actions and plan­
ning to maximize protection to reef areas and corals that 
have high resistance to warm ing, and to  preserve the 
features tha t promote recovery fo llow ing mass mortality o f 
corals are essential. Regional planning and coordination are 
necessary to  support these, as coral reefs are connected at 
regional levels.

Restoration for degraded reef communities Is not yet at a 
level where action can be taken at meaningful ecological 
scales. Restoring the conditions tha t prom ote natural 
recovery -  adequate herbivore and consumer populations, 
a clean environment and connectivity corridors -  as can be 
done w ith  w e ll-p lanned MPAs, fisheries and coastal 
management Is more Im portant at scale than attempts to 
manipulate local reefs such as through replanting o f corals.

Key references -  Allen (2008); Andréfouët et al. (2009); 
Ateweberhan & McClanahan (2010); Carpenter et al. (2011); Chen 
et al. (In prep); Conservation International (2008); Flot et al. (2011); 
Griffiths (2005); Hamilton & Brakel H (1984); Malna eta /. (2008); 
McClanahan et a!. (2007)b); Obura (In review); Obura eta/. (2007); 
Pichón (2008); Rosen (1971); Sheppard (1987); Spalding eta/. 
(2001); Stefanl et al. (2011); Veron (2000); Wafar et al. (2011); 
Wilkinson (2000)/(2004)/(2008).



Mangroves
Mangrove forests are among the most common o f coastal 
habitats In the WIO, typically In river estuaries, w ith smaller 
stands In enclosed lagoons and on sheltered open sea 
coasts. There are ten species o f mangrove trees In the WIO, 
most o f which are distributed widely, and a variety of 
shrubs and palms tha t also grow In mangrove forests. 
Mangroves are characterized by their resistance to  salt 
water, enabling them to grow In brackish and full-sallnlty 
seawater, and by their ability to  root In mud or sand.

The WIO has an estimated 7,900 km2 o f mangroves, 5% of 
the world's total. WIO mangroves represent a subset o f the 
species found In the West Pacific region, Isolated by the 
expanse o f the Indian Ocean and the arid coastlines o f the 
Middle East. They may thus represent a distinct subregion 
o f the Indo-West Pacific mangrove fauna and flora.

The best-developed mangrove forests occur around river 
mouths where they are Important In trapping river sediments 
that would otherwise be washed out to sea. Madagascar 
and Mozamblgue have the largest mangrove areas In the 
region w ith 2990 and 2910 km2 respectively, along their 
coastlines In the  M ozam blgue channel. The largest 
contiguous stand o f mangroves In the WIO Is the Rufljl delta 
(Tanzania, 480 km2), followed by Mahajamba (Madagascar, 
420 km2), then the Zambezi and Ruvuma rivers. Coastal 
Island chains, such as the Lamu Archipelago In northern 
Kenya and Qulrlmbas In northern Mozamblgue have exten­
sive mangrove formations In river estuaries and sheltered 
shorelines. South Africa supports a small extent o f mangrove, 
among the southern-most mangroves In the world, at 32°S.

In the Island states, the high Islands have no major estu­
aries, support little mangrove growth except fo r Mayotte 
and the south coast o f Mohell, Comoros. By contrast, the 
coralline Islands w ith  major lagoons support significant 
mangroves, In particular Aldabra (20 km2), Cosmoledo and 
Europa (Scattered Islands, 7 km2).

Mangroves are among the  fe w  marine ecosystems th a t 
can successfully be replanted and rehabilita ted by manual 

p lanting o f seedlings. ©Rudy van der Eist

Unique marine features of the Western Indian Ocean

Mangroves g row ing  on the  edge o f a channel, showing 
distinctive prop roots o f the black mangroves. Rhizophora 
mucronata (Kiunga, Kenya). ©David Obura

M angrove seeds
develop on the
tree  Into seedlings.

^  I ^ J I  / T i the  spear shape
helps them  to

. A  -  ¿ f lo a t up righ t and
S a l then roo t In soft

muds when
deposited In a

i* - V  I j k  ¿ W Ê  A
new location fo r

g row th .

SÍ©Rudy van der Eist

y y & jL .. tM k jB  ,  ^
Mangrove roots underwater at high tide  -  at low  tide  these 
are exposed to  the  air to  breath oxygen, enabling man­

groves to  live In oxygen-poor silt and sand In estuaries.
©Keith Ellenbogen
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Significance

Mangroves are among the most productive habitats on 
earth and have tremendous social and ecological value. 
W ood p ro du c tion  and g ro w th  rates are very h igh. 
Mangroves support complex and rich food webs, due to 
high primary production, influx o f nutrients from rivers and 
the complex structures provided by the mangrove roots. 
They provide sheltered nursery grounds for many fish and 
invertebrate species tha t spend their adult lives in other 
coastal and pelagic ecosystems.

Human use o f mangroves is extensive, w ith  harvest o f 
molluscs, crustaceans, and fish as well as o f wood for fuel, 
charcoal, timber, and w ood chips. Mangrove w ood is 
extremely hard, insect-resistant and w ith  a high energy 
con tent as fuel. M ore indirect ecosystem goods and 
services Include the role o f mangroves as nurseries for 
economically im portant fisheries, especially fo r shrimp, and 
others such as filtering and trapping o f pollutants, stabi­
lization o f coastal land by trapping sediment and protec­
tion against storm damage.

Mangrove forests are perhaps the most efficient ecosystem 
for carbon sequestration, w ith  estimates o f carbon storage 
o f 500 -  1300 tonnes/ha (or 50-130 g/m2), o f which 70% 
Is trapped In the sediment. This is from 1-3 times the 
am ount o f carbon stored In primary tropical forests.

Taken altogether, the annual economic value o f mangroves, 
estimated by the cost o f the products and services they 
provide, has been estimated at between $2,000 and 
$9,000 per ha per year.

Country
M angrove  
area (km2)

m angrove
species

PAs w ith  m an­
groves

Intnl PAs

M adagascar 2990 8 6 1

M oza m b iq ue 2910 10 6 1

Tanzania 1285 10 24 1

Kenya 610 8 11 2

Somalia 48 6 1

Seychelles 32 9 5 2

South A frica 30.5 6 14 3

M a yo tte 7.1 8

Com oros 1.2 7 1

M a u ritiu s 1.2 4 6

Europa 7 4 1

Threats

Because mangrove ecosystems have tremendous value for 
coastal communities and associated species, they are being 
destroyed at alarming rates. Over the last 50 years, about 
one-third o f the world's mangrove forests have been lost. 
W ith in this region, mangrove decline is estimated to have 
been about 8% , from 1980 to  2005, as against global 
projections o f 25%  decline by 2025.

The harvesting o f m angrove trees has persisted fo r 
centuries In East Africa, w ith  export o f poles to  Oman and 
the Middle East being a staple o f trade throughout this 
tim e, and con tinu ing  today. Uncontro lled cu ttin g  o f 
mangroves has cleared large areas o f previously productive 
forest. Mangrove forests are also the first to  be cleared for 
the construction o f salt pans from which most o f the 
region's sea salt is produced. Additional pressure from 
tourism developers, coastal construction, farmers and the 
ever-growing need for fuel wood, further encourages large 
swathes o f primary mangrove forest to be cut indiscrimi­
nately w ith  little or no replanting.

Climate change, in particular sea level rise, is a growing 
th re a t to  m angroves, as th e ir  ve rtica l z o n a tio n  is 
pronounced, and many mangrove systems may have little 
space to recede inland as sea levels rise, due to topographic 
factors and blockage by developed and altered ecosystems 
on their landward boundary.
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M angrove species found in the W IO

Brugeria gymnorrhiza -  variable salinity, often mixed 
w ith  Rhizophora and Ceriops zones; coppices well 
and poles used in housing.

Rhizophora mucronata -  found in the upper eulit- 
toral form ing extensive pure strands In estuarlne 
conditions. Good source o f tannins for leather and 
poles used for houses.

Ceriops tagal -  littoral fringe on landward side o f 
forests. Strong poles resistant to  term ite attack.

Avicennia marina -  found on compact substrates, 
sand flats and new sediment. Tolerates high salinity 
and varied flo o d in g  regimes thus w ldespeard 
throughout the mangrove forest, found either on the 
landward margin as forest stands, or seaward side 
mixed In w ith  Sonneratia, Ceriops and Xylocarpus. 
High tolerance therefore the most w idely distributed 
mangrove species In the WIO. Coppices well, timber 
used for construction, trunks used for boats and 
flowers used for honey.

Lumnitzera racemosa -  a landward mangrove in the 
littoral fringe where there is an influence o f fresh 
water. Good fuel w ood and coppices well.

Heritera littoralis -  found in the littoral fringe or 
riverine, especially estuaries in sandy loan and Inland 
areas. W ood very tough used in ships, boat masts.

Sonneratia alba -  found in the upper eullttoral. Arial 
roots used by fishers as floats. Tree coppices well.

Pemphis acidula -  found in the supralittoral fringe, 
common landward reaches o f mangroves on sand 
beaches and more inland.

Management, mitigation and 
restoration

In the WIO mangroves are more commonly managed as 
forest reserves than for biodiversity, falling under forestry 
regulations, and being viewed more from a utilization 
perspective than conservation. Their role as ecosystem 
service providers to a broad diversity o f other systems (e.g. 
coral reefs, fisheries, prawns, land protection) generally 
goes unrecognized and therefore is not valued in com peti­
tion w ith  developm ent alternatives. This is, however, 
changing In some countries, where com m unity depend­
ence on mangroves and local tourism are combining In the 
form o f visitor-oriented boardwalks to enable tourists to 
experience the mangroves. Madagascar and Mozambique, 
w ith  the largest area o f mangroves in the region, also have 
the  low est coverage o f ex is ting p ro tected  areas in 
mangrove systems.

In restoration and reforestation o f mangroves, Kenya is 
among the leading countries In both research and In 
com m unity efforts at restoration, w ith  broad replication o f 
the latter throughout the region. The role o f mangroves in 
sequestering carbon dioxide Is a new Issue for the region to 
deal w ith , and may potentially place high value on avoided 
deforestation o f mangroves systems and thus their conser­
vation, as well as on reforestation.

The World Heritage Convention, Ramsar Convention and 
Man and the Biosphere (MAB) programme are three Inter­
national instruments relevant to protection o f mangrove 
systems, and all o f them have some coverage in the WIO.

Key references -  Alongl (2002); Andrlamalal (2007); Ellison and 
Stoddart 1991 ; Erftemeljer and Hamerlynck (2005); Ewel et al. 
(1998); FAO and UNEP 1981; IUCN (2004); Kennlsh MJ (2002); 
Leblgre (1990); McLeod and Salm (2006); Murray et ai. (2011); 
Primavera (1997); Tomlinson 1986; UNEP (1994); Wells et al. (2006); 
Wilkie and S Fortuna (2003).

Xylocarpus granatum, X. moluccensis -  usually land­
ward margin o f mangrove forests in the littoral 
fringe where there is an influence o f fresh water. 
Fruits are known fo r the ir medicinal properties. 
Regarded as an mangrove associate due to  the 
absence o f specializations fo r coping w ith  saline 
conditions.
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T r T í r r  1 «  i 11 1
Seagrass bed, Seychelles. Seagrasses require b righ t sun­

lig h t and are gen era lly  restric ted  to  < 12 m depths, 
though  In exceptional circumstances can be found  down 
to  30 m or more. Thalassodendron ciliatum Is one o f the 

dom inan t species, fo rm ing  extensive beds on reef and 
sandy substrates. ©David Obura

Seagrasses
Seagrasses are marine angiosperms widely distributed in 
both tropical and temperate coastal waters creating one o f 
the most productive aquatic ecosystems on earth. The 
distribution o f seagrasses ranges from high Intertidal to 
subtidal soft and hard bottoms, including sandy bays, mud 
flats, lagoons, estuaries, coral reef patches and sheltered 
and exposed reef platforms. They often form extensive 
mono- and multi-specific meadows in depths < 12 m, and 
in the WIO tend to  be in close association w ith  coral reefs 
and mangroves. W ith  sufficient water clarity they grow up 
to a depth o f 70 m .

Extensive seagrass beds are found in all countries o f the 
WIO, where they have received limited scientific attention 
compared to mangroves and coral reefs. Of the 24 seagrass 
species in the tropical Indo-Pacific, the WIO holds 12 
species. The greatest diversity o f seagrass species Is along 
the Mozambique, Tanzania and Kenyan coastlines, and 
decreases eastwards into the islands. The Saya de Malha 
Bank supports the largest contiguous seagrass beds in the 
world, which thrive on the relatively fla t bank in depths 
shallower than 20 m.

Mixed seagrass beds w ith  a high diversity are common, up 
to 8 or 10 species at the same locality have been reported 
for Mozambique, Tanzania and Madagascar. Two o f the 
m ost com m on species are Thalassia he m prich ii and 
Thalassodendron ciliatum  both form ing extensive beds In 
most parts o f the region. T. hemprichii is found in more 
protected habitats or on Intertidal flats, whereas T. ciliatum  
normally inhabits exposed or semi-exposed habitats, and 
can anchor on both sandy and rocky substrates. Also 
common in the region are Halophila ovalis, Cymodocea 
rotundata, Cymodocea serrulata, Syringodium isoetifolium  
and Halodule uninervis. Enhalus acoroides, Halophila stip­
ulacea and H. m inor are mainly reported from northern 
Mozambique to Tanzania and In some locations in Kenya. 
Zostera capensis is a more temperature species, and Is only 
common in southern Mozambique and South Africa where 
large monospecific stands may occur. But the species has 
also been recorded in Kenya, Madagascar and Mayotte. 
Halophila beccarii is only known In Madagascar, Halophila 
decipiens Is a new but relatively common species and 
widespread.

Common seagrasses in th e  W IO are Thalassia hemprichii 
in th e  upper photo, and Cymodocea (thick) and Halodule 
(th in ) in th e  low er photo.

©David Obura (top), ©Julien Wickel (below)
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Significance

Seagrass beds are among the most productive aquatic 
ecosystems in the biosphere. They are im portant as nursery 
grounds, foraging areas for sea turtles, fish and dugong, 
and predation refuges for numerous fish and invertebrate 
populations. Seagrass beds provide great benefits for 
commercial, subsistence and recreational fisheries. Due to 
the complex architecture o f the leaf canopy In combination 
w ith  the dense network o f roots and rhizomes, seagrass 
beds stabilize bottom  sediments and serve as effective 
hydrodynamic barriers reducing wave energy and current 
velocity, thereby reducing turbid ity and coastal erosion. 
Further, seagrass beds trap large amounts o f nutrients and 
organic matter in the bottom sediment. Through microbial 
decomposition, seagrass biomass may enter the marine 
food web as detritus and thus support productivity through 
recycling o f nutrients and carbon. Due to their high produc­
tivity, they are often a food source for animals resident in 
adjacent ecosystems such as coral reefs, and may increase 
the biodiversity in these systems.

Due to their high productivity and trapping o f carbon in 
biomass and sediment trapping, seagrass beds are among 
the most significant shallow marine carbon sinks, storing 
up to 500 tonnes/ha (or 50 g/m2), o f which nearly all o f this 
is trapped in the sediment. This is equivalent to the amount 
o f carbon stored in primary tropical forests. Along w ith 
mangroves, seagrasses are therefore o f significance in 
carbon sequestration to reduce greenhouse gas buildup in 
the atmosphere and oceans.

Threats

Pressure on seagrass beds in the region is increasing due to 
growing coastal populations and human disturbance from 
e.g. pollution, eutrophication, sedimentation, fishing activ­
ities and collection o f invertebrates, though there is little 
quantitative evidence on specific threats. Reduced water 
clarity from land-based impacts reduces the depth at which 
seagrasses can grow.

Management, mitigation and 
restoration

Seagrass ecosystems in the WIO are valuable resources for 
fisheries at both local and regional scales, w ith  much o f the 
artisanal fishing In coral reef areas being focused In 
seagrass habitats on the reefs. Still, seagrass research In the 
WIO lags behind other ecosystems and other regions, and 
Is mainly focusing on botanic diversity and ecology. 
Seagrasses have not been the focus o f management In the 
region, though most MPAs focused on coral reefs Include 
large areas o f seagrass beds.

From 2000-2005, die-back o f seagrass beds (Thalasson- 
dendron ciliatum) as a result o f sea urchin (Eucidarus 
thouarsii) predation In Kenya caused some concern, but 
natural recovery apparently occurred. In Kenya sea urchin 
removal was found to assist seagrass recovery. In Mayotte, 
m ortality o f T. ciliatum  on the Inner barrier reef fla t has 
been observed. More focused research, site selection and 
zoning o f MPAs w ith  seagrass beds as the prime focus are 
needed, as w e ll as studies on land-based Impacts. 
Restoration o f seagrass beds Is common practise In some 
parts o f the world, but has not been trialled In the WIO.

Key references -  Bjork et al. (2008); Duarte et al. (in press; Frouin
& Bourmaud (2008); Gullström et al. (2002); Hily et al. (2010); 
Milchakova et al. (2005); Murray et al. (2011); Richmond (2011); 
Short et al. (2007); Uku et al. (2007).

Green sea tu rtles  prim arily  feed on th e  cylindrical sea­
grass Syringodium isoetofolium, which Is among th e  rare 

seagrasses. ©David Obura
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Coelacanth -  Latimer

The coelacanth Is possibly the sole remaining representative 
o f a once widespread family o f Sarcopteryglan (fleshy- 
finned) fish tha t were common from 280-100 mya, and 
were distributed throughout the globe. More than 120 
species are known from fossils, and the family was thought 
to have become extinct during the K-T extinction event, 65 
million years ago. Coelecanth were first Identified from an 
English fossii by naturalist Louis Agassiz In 1836 and 
became known as a distinct taxonomic group In 1844. Two 
species o f coelacanth are alive today, the western Indian 
Ocean species Latimeria chalumnae, and a more restricted 
Indonesian species, L. menadoensis.

Coelacanths are most commonly found on sloping conti­
nental shelves, below about 100 m depth, where bottom 
topography such as caves, and canyons/fissures leading Into 
deep water provide shelter for them and habitat for their 
prey. The submarine canyons o f the east and west coasts of 
the Mozambique Channel, and steep volcanic slopes o f the 
Comoros have been the main areas In which they have 
been found, and more recently on the upper slopes of 
canyons in the Pemba Channel (Tanga, Tanzania).

Coelacanth can reach almost 2 m and weigh up to 80 kg or 
more, but are usually somewhat smaller. Males average 
165 cm and are smaller than females. They are dark 
brown/b lue w ith  distinctive w h ite  flecks th a t provide 
camouflage against the backdrop o f dark lava and rocky 
walls encrusted w ith  w hite oyster shells. The spot patterns 
can be used by researchers to  recognize individuals. 
Individuals may live as long as 60 years, but this is uncer­
tain. Coelacanths are ovoviparous, giving birth to as many 
as 26 live young tha t develop from eggs in the oviduct, 
feeding o ff a large yolk sac until birth. Nothing Is known 
about mating behavior or even juvenile habitat.

Coelacanths are opportunistic feeders, on or near the 
bottom . Stomach contents have Included lantern fishes, 
stout beard fishes, cardinal fishes, cuttlefishes, deep water 
snappers, squid, deep sea w itch eels, snipe eels, swell 
sharks, and other fishes normally found in their deep reef 
and volcanic slope.

In 2008, the population o f the Comorian coelacanth was 
estimated to  be about 500, and since the first capture o f a 
coelacanth in Tanzania at Kilwa M noro in 2003, 80 more 
specimens have been landed up to  October 2010, from 
Kenya, Mozambique and Madagascar, indicated a widely 
dispersed population, w ith  some locally dense sub-popula­
tions. Genetic studies suggest there may be tw o  distinct 
popu la tions o f coe lacanth , tho ugh  th is is no t fu lly  
confirmed: a southern one centered on the Comoros and 
extending to southern Tanzania, and a northern one In 
Tanga, northern Tanzania. If true, the patterns show distinct 
signs o f gene flow  to the north, but not in the reverse

The fleshy lobed pectoral f in  o f the  coelacanth Is one o f 
Its dlslntulshmg features as a prim itive  fish. ©Hans Fricke

Caves on the  continenta l slope (200m), a preferred habi­
ta t fo r  coelacanth. all photos © Hans Fricke
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direction, and the ranges o f the populations are consistent 
w ith  high connectiv ity  th ro u g h o u t the M ozam bique 
Channel and unidirectional flow  northwards In the East 
African Coastal Current.

History

In 1938, a living coelacanth was discovered by Marjorie 
Courtenay-Latlmer among specimens In a traw ler tha t 
had been fishing o ff East London, South Africa, in the 
southern WIO. This fish was described by J.L.B. Smith in an 
atmosphere o f scientific excitement, skepticism and doubt. 
The media considered this to be the zoological discovery of 
the century. Up till the 1980s coelecanth were still only 
known from a few  locations in the SWIO, w ith  the best- 
known populations found in the Comoros, where fish­
ermen were familiar w ith  this unusual fish caught in deep- 
set lines. By the end o f the 20th century, the fish was known 
to be widespread In the WIO, w ith  the northernm ost 
record from Mai I nd I, Kenya, and significant populations in 
northern Tanzania, several o f the Comorian islands and 
southern M ozambique/northern South Africa. As diving 
technology has Improved, live observation or coelacanths 
has become possible -  first from the submersible GEO, In 
1987, and more recently on rebreather diving units, from 
November 2000.

Threats

The primary threat to coelacanth is demersal fishing on the 
continental shelf, between about 100 and 400 m. In 
Comoros, this was primarily using artisanal gears histori­
cally, so development o f more mechanized fisheries, using 
motors for offshore fishing, resulted in decreased coela­
canth catch in the 1960s. However w ith  increasing 
numbers o f fishers, and greater use o f deep gili nets such 
as In Tanga, Tanzania, since 2000, large numbers o f coela­
canth have been caught from previously unknown popula­
tions. The larger numbers reported are also likely due to  a 
greater awareness o f the significance o f coelacanths, and 
improved communications, such tha t catches tha t m ight 
have gone unnoticed previously are now brought to the 
attention o f authorities. Nowhere, however, Is there an 
Indication tha t coelacanths exist in large aggregations.

has been the epicenter o f coelacanth conservation efforts, 
led by Dr. Hans Fricke and supported by the Frankfurt 
Zoolog ical Society and others. In 2002 the A frican 
Coelacanth Ecosystem Programme (ACEP) was initiated 
taking on a trans-frontler, ecosystem based approach to 
science and management o f the coelacanth, w ith  a partic- 
u la r focu s  on d e p ths  be tw een  4 0 -1 0 0 0 m  in the  
Mozambique Channel and north to  Kenya. In Tanga, 
Tanzania, the catch o f over 30 coelecanth in the decade 
from  20 00 -2 0 1 0  led to  the fo rm ation  o f the Tanga 
Coelacanth MPA. Exploration and observational research, 
conducted by m anned submersibles and ROVs, w ill 
continue to play a major role in coelacanth studies, along­
side biotelemetry, underwater recording systems and phys­
iological probes in order to  answer elusive questions.

Key references -  Agassiz (1844); Erdmann (2006); Forey (1 998); 
Fricke and Hissmann (1994); Fricke et a!. (2000); Fricke et aí. (2011); 
Green et aí. (2009); Heemstra et aí. (2006); Nikaidoa et al. (2011); 
Plante et al. (1998); Scott (2006); Smith (1939); Smith (1953); Smith 
(1956).

Conservation

The coelacanth Is listed as Critically Endangered on the 
IUCN Red List, and in Appendix 1 o f CITES. The Comoros 
has been the epicenter o f coelacanth conservation from 
the 1970s onwards, w ith  the most comprehensive efforts 
to both study and design conservation measures appro­
priate to  this unusual fish. The discovery o f coelacanths 
w ith in  the W orld  Heritage site iSimangaliso in 2000 
emphasized the precautionary value o f protecting critical 
sites o f high biodiversity value. Since 1987 the Comoros

Fishermen In Tanga, Tanzania, have caught over 30 coele­
canth In th e  last 10 years, like ly due to  changing fishing 

techniques and Increase pressure, revealing a population 
previously unknow n to  science. ©Hassan Kalombo
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Sharks and rays

Carcharhinus amblyrhynchos. ©David Obura

One hundred and thirty-seven species o f sharks and rays 
occur in the WIO, o f which 15 are endemic to the region. 
The highest elasmobranch diversity in the region has been 
recorded from Mozambigue waters, w ith  108 species (73 
sharks and 35 rays). Ten species are endemic just to South 
African waters.

Sharks are at the top o f the food chain especially in the 
coral reef environment. Sharks have slow reproductive 
rates w ith  many species only producing a handful o f 
offspring when the adults are 10-15 years old. The more 
primitive species lay eggs, while the most advanced species 
are viviparous, meaning the fetal sharks are connected by 
placenta In utero, and born live.

Published references on sharks and rays In the WIO are very 
rare, and the available data are based primarily on gray 
literature and testimony, often Inaccurate. In the last 
decade, however, this situation Is changing as Interest In 
sharks from an ecological standpoint, and for conservation, 
has Increased.

Distributions

Sharks are widely dispersed In tropical waters, Including the 
WIO, but heavy mortality from fishing impacts has dramat­
ically reduced their numbers in many locations. A t present, 
the most im portant locations for sharks are the islands of 
the Mozambigue Channel, and the southern islands o f the 
Seychelles, likely due to their isolation.

The Iles Éparses (Scattered Islands) are among the few  loca­
tions w ith good shark populations: aggregations o f juvenile 
Galapagos sharks (Carcharhinus galapagensis) in Bassa da 
India, nursery areas fo r grey reef sharks (C. amblyrhynchos) 
in Juan de Nova, b lacktip  reef sharks (Carcharhinus 
melanopterus) and lemon sharks (Negaprion acutidens) in 
Europa and nurse sharks (Nebrius ferrugineus) on Geyser. 
Other notable sites include the Zélée bank especially for 
grey reef shark, and Europa for the presence o f hammer­
head shark schools (Sphyrna mokarran).

Mayotte and associated banks (Zélée and Geyser) are regu­
larly freguented by sharks. In Mayotte, scalloped hammer­
heads (S. lewini) are observed at the beginning o f the 
austral w in te r (July-September), in which schools can 
exceed 20 individuals.

Hammerhead ©Alessandra Maccari

Oceanic w h ite tip  shark (Carcharhinus longimanus).
©Julien Wickel

W hale shark (Rhincodon typus). ©David Obura

P o rc u p i n e ray ( Urogymnus asp er rim us) o n G eyse r.
©Julien Wickel
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Threats

Sharks are increasingly becoming a threatened fish group In 
the WIO, as they are highly vulnerable to fishing, and their 
misplaced reputation as man-eaters promotes an attitude 
o f eradication or control rather than one o f conservation, 
among the public and managers. Based on voluntary 
declared FAO records there is evidence that shark catches in 
the WIO have more than halved after reaching a peak of 
180,000 M t in 1996. A bout 100 million sharks are fished 
annually in the world, either as accidental catch In seine 
and/or gili nets, or direct exploitation for their fins and 
other products. Of this total, 30%  is from the Indian 
Ocean, and mainly from the south-western part o f the 
Indian Ocean. Catching o f sharks for their fins, the most 
valuable part as they can be dried easily and sold at prices 
over USD 100 per kg is the greatest threat to shark popula­
tions in the WIO, and Is banned In many countries.

The Great White shark (Carcharodon 
carcharias)

Great W hite sharks are naturally low in abundance, and 
range from  cold tem perate waters to  tropical waters 
though in the latter they tend to prefer cooler deeper 
waters. In the WIO, Great Whites are most common in 
South Africa, and across a broad range o f sizes. Elsewhere 
in the WIO they are rare, though individuals have been 
caught or seen throughout the region, and mostly as large 
pregnant females, suggesting they may pup in warmer 
waters. They have low reproductive potential, probably 
have a low natural mortality, and presumably possess a low 
capacity fo r density-dependent compensation to  rapid 
declines in population size. It is therefore reasonable to 
conclude that populations are vulnerable to  recruitment 
overfishing and all forms o f non-natural mortality. However, 
their population status is poorly known over the species 
range ow ing to a lack o f robust abundance indicators, and 
quantitative stock assessments are not currently possible.

Whale sharks (Rhincodon typus)

From the first whale shark described in 1828 from the 
Indian Ocean, the region continues to be one o f the most 
im portant areas for whale sharks. Whale sharks are a 
broad ranging species w ith  seasonal migration patterns 
over 1000s o f km, though may be resident year-round 
in equatorial zones. Globally they are found in many 
areas w ith  surface sea water temperatures o f 18-30°C, 
and range across the entire Indian Ocean. Unusually for 
sharks, females give birth to large numbers, even thou­
sands, o f young.

The species has however been the subject o f several 
targeted fisheries and thus sustained massive, rapid 
declines in population numbers. A  number o f fisheries 
targeting whale shark have developed w ith in  the Indian

Ocean, some from  traditional roots, such as in India, 
Pakistan and the Maldives tha t originated to supply the oil 
from the shark's liver for waterproofing boats This escalated 
especially in India during the 1990s to  supply the demand 
In Taiwan for 'Tofu shark'. Reported figures indicate a 
peak In this Indian fishery o f 279 sharks in 1999 but tha t 
despite Increased e ffo rt only 160 were taken in 2000. This 
fishery was closed in 2001 when the species received 
protected status. The fishery in the Maldives previously took 
20-30 whale sharks per year but proved unsustainable w ith 
declining catches and the fishery was stopped In 1995.

Whale shark tourism has rapidly grown In Importance in the 
WIO, w ith predictable seasonal sightings known in Kenya 
(e.g. Dlanl), Tanzania (e.g. Mafia) and Mozambique (e.g. 
Tofo). In the islands, tw o  main aggregation areas (feeding 
and nursery) have been Identified: the granite islands of 
Seychelles (Mahe in particular) and the northwest coast o f 
Madagascar, especially near the island o f Nosy Be. The 
dynamics and inter-relatedness o f these populations are 
unknown, but represent a significant oppo rtun ity  for 
blending conservation, research and economic development.

Other sharks and rays

Reef and oceanic sharks are widely dispersed but their 
populations greatly reduced through fishing mortality. In 
the WIO the bull shark or Zambezi shark (Carcharhinus 
leucas) is most strongly implicated in attacks on people, in 
both mainland and Island sites, fuelling the general fear of 
sharks and low com m itm ent to their conservation in most 
regional countries. In austral w inter in Mayotte, manta rays 
(Manta alfredi) and scalloped hammerhead sharks (Sphyrna 
lewini) are particularly abundant near steep reef slopes. 
Geyser Bank may constitute a nursery area for tawny nurse 
sharks (Nebrius ferrugineus) and Zélée Bank could be a 
nursery ground for grey reef sharks (C. amblyrhynchos). A t 
Tofo in southern Mozambique, there is a major manta ray 
(M. alfredi) aggregation tha t has been investigated for 
several years. Annual population size estimates range from 
150 to  450 Individuals and the super-population estimate 
was 800 individuals.

Gultarflsh are known from the region, though exploited 
and highly depleted.

Management and conservation

Reducing excess m ortality o f sharks is a fisheries Issue 
requiring action on gear types and their operation, and 
preventing the most destructive markets, especially for 
shark fins. These actions need to be taken at regional and 
global levels. An additional solution is the creation of 
marine protected areas focused on key locations and habi­
tats o f importance to sharks, and some o f the remaining 
high-density populations o f sharks.
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Because o f their importance in fisheries and as charismatic 
species, sharks have been mentioned in multiple global 
legal Instruments, which can support actions at multiple 
levels. The examples below illustrate these w ith reference to 
the Whale Shark:

IUCN Red List -  the whale shark is listed as Vulnerable in 
the IUCN Red List

CITES -  Appendix II, 2002. This status should allow for the 
closer monitoring o f and restriction in international trade In 
whale shark products, and by so doing assist in the conser­
vation o f the species on a global scale.

Convention on M ig ra tory Species (CMS) -  Appendix II, 
1999. On listing, a call was made for co-operative actions 
by 2001-2002, however, it was not until November 2005 
th a t the CMS approved a 'Recom m endation fo r the 
conservation o f m igratory sharks' proposed jo in tly  by 
Australia, New Zealand and Seychelles.

UNCLOS -  Agreem ent on Straddling Fish Stocks and Highly 
M igratory Fish Stocks. This agreement recognizes tha t as 
the whale shark is a highly migratory species, coordinated 
management and assessment o f shared migratory popula­
tions would promote an understanding o f the cumulative 
impacts o f fishing e ffo rt on the status o f shared popula­
tions. To date, no such measures have been proposed.

FAO -  International Plan o f  Action fo r Sharks -  there is a 
po ten tia l fra m e w o rk  fo r  w ha le  shark conserva tion. 
Unfortunately implementation o f even National Plans of 
Action by FAO members has been extremely limited thus 
hampering plans for an International instrument.

Key references -  Bruce (2009); Chabanet & Durvllle (2005);
Colman (1 997); Eckert & Stewart (2001); FAO (2000); Fowler S 
(2000); Hammerschlag & Fallows (2005); Jamón et al. (201 0); KIszka 
et al. (2009)' Marshall & Barnett (1996); Marshall et al. (2011); 
Romanov et al. (201 0); Rowat (2007); Rowat et al. (2009); Wickel et 
al. (2009); Wickel et al. (2010).
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Turtles
Five ou t o f seven species o f marine turtle w orldw ide occur 
in the Western Indian Ocean (WIO): Green turtle Chelonia 
mydas, Hawksbill Eretmochelys Imbricata, Loggerhead 
Caretta caretta, Leatherback Dermochelys coriacea, and 
Olive Ridley Lepidochelys olivacea. The most abundant 
species in the WIO is the Green Turtle, and the second most 
com m on is the Hawksbill. On the IUCN Red List o f 
Threatened Species all are currently listed either as Critically 
Endangered (hawksbill, leatherback) or Endangered.

The complicated life cycles o f sea turtles require them to 
utilize a variety o f habitats. Eggs are laid and incubate in 
beach sand, but post-hatchlings are pelagic and inhabit the 
surface waters o f convergence zones and major gyre 
systems throughout tropical and temperate oceans. These 
juvenile stages migrate w ith  ocean currents over 1000s 
o f kilometers. Most adult turtles also migrate over such 
distances, though post-nesting hawksbi I Is in the Seychelles 
do not migrate as far as do adult green or loggerhead 
turtles. The feeding grounds o f the bottom -feeding sea 
turtles include seagrass, coral reef, sand and mud flats, and 
mangrove ecosystems, while the pelagic leatherback feeds 
in oceanic surface waters o f tropical, temperate, and even 
polar seas. Thus, the state o f turtle populations is a good 
indicator o f the overall health o f coastal and marine ecosys­
tems. Turtles may also be crucial fo r the functioning o f 
healthy marine ecosystems; findings from the Caribbean 
suggest tha t the demise o f the macro-herbivorous green 
turtles fo llow ing European colonization had significant 
effects as few  other species feed on seagrasses.

There has been extensive sea turtle research since the 
early 1990s in the region, but this Information is still rela­
tively scattered and not always standardized. Nevertheless, 
sea turtle information has been a backbone o f the tw o 
subregional ecoregional planning exercises for mainland 
East A frica (WWF 2004) and the islands (RAMP-COI, 
unpublished). There is however a need for more specific sea 
turtle data particularly on feeding, breeding, juvenile routes 
and adult m igratory routes in the WIO.

Genetic research has shown that there Is mixing between the 
Atlantic Green turtle and those o f the Mozambique Channel, 
and the south population o f green turtles in the WIO (central 
Mozambique channel and southwards). Green turtles in the 
north o f the channel and northwards are distinct, and there 
may be a distinct Seychelles population as well, w ith links to 
the Southeast Asian region. Interestingly, green turtles found 
between the islands o f Europa and Juan De Nova were 
from both southern and northern genetic populations. The 
genetic differences could result from oceanographic features 
that affect the movement o f the juveniles, suggesting a sepa­
ration between the northern and southern parts o f the 
Mozambique channel. Species-specific Information, on sea 
turtles is provided below, though there are still significant 
gaps, particularly for parts o f Madagascar and Mozambique.

W’. k ' . y  « ¡A :

Flawksblll tu rtle . ©David Obura

Green tu rtles  m ating. ©David Obura
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Green tu rt le  genetic structure In the  WIO. The pie charts 
show the  p roportion  o f d iffe re n t genes at each site. The 
g reen  a lle les  are  m ore  com m on In th e  so u th e rn  

M ozam bique channel, and ye llow  to  th e  north , and red 
In the  Islands, c. Kelonla, Reunion. ©Kelonia, Reunion
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Green turtles
Area Importance

Mozambique Channel Used by all 5 species, genetic differentiation likely due to oceanography of the channel, 
separating northern and southern populations.

Isles Éparses, especially 
Europa, Glorieuse, Tromelln

Females nesting per annum: Europa up to 10,000; Grande Glorieuse 3000; Tromelln 
1 500, Juan de Nova <100. Annual trends In the number of nests over the last 20 years 
are positive for Europa, stable for Tromelln.

Comoros, especially Mohell Up to 7,000 nesting females a year, and development habitat for the juveniles.

Mayotte Up to 5000 nesting females a year, key feeding grounds and Important to the juveniles.

Seychelles Up to 10,000 female green turtles nest annually In Seychelles, predominantly In 
the southern lslands--esp. Aldabra, Assumption, Cosmoledo, Astove and Farquhar. 
The species has become rare In the Inner Islands and Almirantes due to continuing 
exploitation. The Aldabra (WHS) green turtle population protected since 1968 has 
Increased by 500-800% since 1968 and now numbers approximately 5000 females 
nesting annually and the population Is Increasing exponentially. Important feeding 
grounds for green turtles are adjacent to virtually all Islands of Seychelles. Active 
conservation programmes Involving nesting green turtles are underway In the 
Almirantes Group at Alphonse/St. Francois atolls, D'Arros/St. Joseph atoll, and 
Desroches, at a number of the Inner Islands (see following discussion of hawksbllls).

Bazaruto Nesting, feeding grounds and Important for the juveniles.

Qulrlmbas -  Mnazi Bay Important nesting and feeding grounds, up to 200 nests per year.

Matla -  Rufljl Key feeding grounds and some key nesting sites.

Kiunga, Kenya Key feeding and nesting area w ith up to 130 nests a year.

Hawksbill turtles

Area Importance

Saya de Malha/Banks Feeding ground but there Is limited Information available.

Mozambique Channel Migratory route.

Isles Éparses Juan de Nova -  up to 50 nesting females a year.
Europa -  Important as development habitat (mangrove) for juveniles.

Mayotte Up to 100 nesting females a year, key feeding grounds and Important to the juveniles.

Seychelles Most hawksbill nesting In the WIO occurs In the Inner Islands (on the Seychelles Bank) 
& the Almirantes Group. Approximately 2,000 females are estimated to nest annually 
In Seychelles. Satellite telemetry Indicates the Seychelles Bank Is the primary feeding 
ground for hawksbllls nesting In the Granitic Seychelles, but hawksbllls feed In habitat 
<60 m deep throughout Seychelles and Important feeding grounds for Immature 
hawksbllls are found adjacent to virtually all Islands In Seychelles. All sea turtles are 
legally protected In Seychelles and active conservation programmes are underway at 
nearly all of the Inner Islands (especially Arlde, Bird, Cousin, Cousine, Curieuse, Denis, 
Fregate, North, Silhouette, Ste. Anne, and parts of Mahé and Praslin) and In the 
Almirantes group at Alphonse/St. Francois atolls, D'Arros/St. Joseph atoll, and 
Desroches, as well as at Aldabra atoll In the southern Islands.

Bazaruto Nesting, feeding grounds and Important for the juveniles.

Qulrlmbas -  Mnazi Bay Important nesting and feeding grounds.

Mafia -  Rufljl Feeding grounds and some key nesting sites however there Is limited Information available.

Kiunga Feeding and nesting area w ith up to 10 nests a year however there Is limited 
Information available.

N. Madagascar Very limited Information Is available, though nesting Is present In many locations, 
e.g. Nosy Iranja.
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Green tu rt le  m igra tion routes (top) and Loggerhead tu r ­

tle  m igra tion (right). ©Kelonia, Reunion
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Loggerhead and leatherback turtles

Known im portant nesting areas include the M aputo B a y - 
Machangulo Complex, ISImangallso In Kwazulu-Natal 
(World Heritage Site), the Bazaruto archipelago and South 
East Madagascar.

Foraging populations o f both species are found throughout 
the Seychelles as well as La Réunion and the Scattered 
Islands. East African coast (Mozambique + Tanzania + 
Kenya) are Im portant feeding grounds for the loggerhead.

Olive Ridley

There Is limited Information on the Olive Ridley In the WIO 
especially on specific nesting, feeding grounds and their 
juvenile movements. Olive Ridleys have been recorded In the 
waters o f the Inner Islands o f Seychelles and In the 
Mascarenes, and a few  nest reports have been provided 
from Kiunga Marine National Reserve and Mallndl In Kenya.

Threats

Some o f the threats facing marine turtles In the WIO 
Include: exploitation fo r food (meat and eggs), oil, leather 
and ornamentation; m ortality associated w ith  Incidental 
capture In fisheries; marine and land-based pollution; and 
disruption o f essential nesting and feeding sites. Some of 
these threats have been going on for centuries as turtles 
have long been a resource o f economic and cultural signif­
icance to people living In the region. Turtle meat and eggs 
provided protein to coastal residents, and the calipee (dried 
cartilage used to make turtle soup) and meat from green 
turtles and shell from hawksbllls were exported to  foreign 
markets In Europe and Asia. In some locations (for example, 
South Africa, Kenya, Seychelles, Mayotte and Madagascar) 
turtles also generate Income as a tourism attraction.

Until the m ld-to-late 1900s direct take o f turtles and their 
eggs posed the greatest danger to their long-term survival. 
W hile this remains an enormous problem In many areas, 
Indirect threats are growing In Importance, particularly 
Incidental bycatch In artisanal and commercial fishing gear, 
and loss o f nesting and foraging habitats due to coastal 
development, pollution, and erosion resulting from poor 
coastal management and sea level rise. Marine ecosystems 
are disrupted by overexploitation, mechanical damage, 
pollution o f all kinds and land-based runoff as well as by 
tem perature rise associated w ith  global w arm ing and 
climate change.
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Turtles are vu lnerab le  to  being caught In fish ing nets, 
such as th is one set In a channel m outh . ©David Obura

Management o f Marine Turtles and their Habitats o f the 
Indian Ocean and South-East Asia (IOSEA), adopted in 
2001 under the auspices o f the Convention on the 
Conservation o f M igratory Species o f W ild Animals (CMS). 
However, this too, is non-binding, but undertakes a suite 
o f activities coordinated from a secretariat co-located w ith 
UNEP in Bangkok, Thailand. Under these programmes, 
several meetings have been hosted in the WIO over the 
last tw o  decades, all calling fo r regional cooperation 
among countries to manage sea turtles as a shared stock, 
though WIO countries are still conducting turtle  conserva­
tion and management largely In Isolation. The W orld  
Heritage Convention offers a particularly powerful comple­
ment to  this suite o f regional instruments.

Key references -  Allen et a!. (2010); Bourjea eta!. (2006); Bourjea 
eta!. (2007); Frazler1984; Lauret-Stepler eta!. (2007); Mortimer 
(2004); Mortimer & Balazs (1999); Mortimer 1984; Mortimer 1988; 
Mortimer and Bresson (1999); Mortimer ef al. (2011); Remle and 
Mortimer (2007); WWF (2004).

Conservation of sea turtles

According to the Sodwana Declaration (IUCN, 1996) "only 
a few  o f the discrete populations in the region are stable or 
growing; three o f the populations are becoming extinct; 
most populations are either in decline or have not yet 
begun to recover from centuries o f irrational use". Sea 
turtle conservation and management provide numerous 
challenges. Saving sea turtles reguires the protection of 
these ecosystems on which we all depend on both small 
and large scales. Moreover, sea turtles are highly migratory, 
and individual animals may travel tens o f thousands o f kilo­
meters in their lifetimes, spending various lengths o f time in 
the open sea, and in territorial waters o f multiple states. 
Conserving sea turtles thus also reguires tha t people coop­
erate internationally and regionally. Also, although such 
threats are fairly well recognised they are not as well docu­
mented, and spatial and temporal overviews o f threats 
generated from specific data sources are lacking.

Today international agreements, most im portantly CITES 
(the Convention on International Trade in Endangered 
Species), prohib it international trade in sea turtles. Two 
regional instruments relevant to  sea turtle conservation in 
the WIO include the Sodwana Declaration1, which provides 
a comprehensive "shopping list" o f priority actions and 
strategies in various domains, but does not hold Govern­
ments and other partners accountable for actions, and the 
Memorandum o f Understanding on the Conservation and

1. A Marine Conservation Strategy and Action Plan for the Western Indian 
Ocean (IUCN, 1996),
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Seabirds

Seabirds, i.e. species tha t spend a large part o f their lives at 
sea, o f the coast o f mainland East Africa, associated 
Islands and o f the open sea are abundant and diverse, 
though they have received little attention in the region 
until the last 5 -10 years. Recently, growing interest in how 
they can serve as indicators to patterns o f oceanic produc­
tivity, and thereby to  fisheries, has led to a rapid upsurge in 
studies. Further, the Impacts o f grow ing, ocean-wide 
fishing e ffo rt have led to greater concern about Impacts, 
to the marine environment as well as to  seabirds.

Globally, there are over 300 species o f true seabirds, w ith  
about half this number reported for the WIO. The main 
groups o f seabirds are albatrosses, petrels, shearwaters, 
tropicbirds, boobies, frigatebirds, gulls, terns, cormorants 
and penguins, many o f which typically breed in large 
colonies on small islands or remote portions o f continents. 
A t least 31 species o f seabirds breed on WIO islands, and 
an additional number (such as African penguins and 
cormorants) are known also from the mainland coast of 
eastern and south-eastern Africa.

Heron. ©Cheryl-Samantha Owen/vww.samowenphotography.com

©Mathieu le Corre

Barau's Petrel, ©Mathieu le Corre
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Masked booby. ©Mathieu le Corre

W hite-ta iled  trop icb ird ©Mathieu le Corre
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Primary seabird breeding colonies in the  WIO. The largest 
circles represent > 1,000,000 breeding pairs.

©Le Corre et al. 2012

Breeding and nesting

A recent regional survey o f the seabird species tha t breed In 
the WIO estimated a total seabird population o f 7.4 million 
pairs, and found that the main breeding grounds are In the 
Seychelles (Aldabra and the granitic Islands) and In the 
M ozam b igue  C hannel (Juan de Nova, Europa and 
Glorieuses). The Mascarene Islands also have significant 
breeding populations, at smaller numbers but for rarer 
species. In 2005, 16 species were recorded breeding In the 
Mozambigue Channel w ith  an extraordinarily high density 
o f over 3 million breeding pairs, o f which 99%  were sooty 
terns (Sterna fuscata), concentrated at Juan de Nova (66%, 
2 m illion  pairs), Europa (25 % , 76 0 ,00 0  pairs) and 
Glorieuses (9%, 270,000 pairs). Thirteen thousand pairs 
spread among 13 seabird species breed on Islets o ff the 
West coast o f Madagascar, but population sizes are low 
and threatened by poaching. Europa Is o f particular conser­
vation Interest as It holds some o f the last colonies o f large 
Pelecanlforme birds (frlgateblrds, red-footed boobies and 
red-tailed troplcblrds), which have experienced dramatic 
declines In most Islands o f the WIO.

Foraging

Many tropical seabirds associate w ith  tuna, as both groups 
feed In areas o f high productivity, determined by ocean 
circulation patterns, and also because top predators such as 
tuna drive the primary seabird prey to  the surface, where 
they become accessible to the birds. This Interaction makes 
seabird populations highly dependent on the health o f tuna 
and other open ocean top predators. They can also serve as 
Indicators o f the health o f these top predators.

Based on foraging grounds, and their overlap w ith  the 
nesting grounds, the fo llow ing five areas were Identified as 
priority regions for seabirds In the WIO:

Seychelles Basin -  the Seychelles Plateau and a wide 
oceanic region around the Plateau Is the main area occu­
pied by wedge-tailed shearwaters (95,000 pairs tha t breed 
In the Seychelles) and white-tailed troplcblrds (6500 pairs). 
The Seychelles A rch ipe lago  (exclud ing A ldab ra  and 
Cosmoledo) supports the greatest abundance o f seabirds In 
the tropical Indian Ocean w ith 14 breeding species totaling 
2.2 million pairs.

Southern M ozam bique Channel around Europa Island -
Europa Island Is one o f the m ost Im portan t seabird 
breeding sites In the WIO, w ith  20, 40 and 8 % o f the great 
frlgateblrds, red-tailed troplcblrds and red-footed boobies 
respectively. The southern Mozambique Channel Is a major 
foraging area for all 3 species, as well as for most seabirds 
o f the Island.

M adagascar P la teau (W a lte rs  Shoals) -  Is a major 
foraging ground for tw o  o f seven tracked seabird species, 
the red-tailed troplcblrd (many o f which breed on Islands In

Seabird density based on tracking data, ind icating major 
fo rag ing  grounds. Dark red indicates the  highest density 
o f seabirds. ©Le Corre et al. 2012
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the S. Mozambique channel (Europa and Nosy Vé), and 
Barau's petrel, which Is endemic to Reunion and classified 
as endangered. W ith  the limited sample size, the region Is 
likely significant for several other seabird species.

M ascarene islands (R eun ion , M a u ritiu s , Rodrigues) 
and T rom elin  Island -  the only breeding ground o f tw o 
endemic petrels, the Barau's petrel (endangered) and the 
Mascarene petrel (Pseudobulweríaaterríma, critically endan­
gered), and other species tha t breed on Reunion.

Centra l Ind ian Ocean -  Is a w ide region for foraging for 
at least four migratory seabirds: Barau's petrel, the red- 
tailed troplcblrd, the wedge-tailed shearwater and the 
white-tailed troplcblrd. There are tw o  main subregions, 
both associated w ith  seamounts and undersea topography 
tha t enhance upwelllng, and therefore productivity.

Threats

The main threat to both resident and m igrant birds In the 
WIO Is habitat degradation, affecting breeding and nesting 
sites. Other threats are disturbance by fishers and tourists, 
egg collecting, and predators such as rats, cats, dogs and 
potentially oil spills. Invasive species such as rats and cats 
can decimate breeding bird populations on remote Islands. 
Fisheries Impact seabirds In various ways, the main Impacts 
Include direct m orta lity by fishing gear (bycatch) and 
competition when fisheries and seabirds target the same 
prey. Climate change Is an Increasing and more Insidious 
threat to coastal birds. Rising sea-levels may swamp low- 
lying nesting colonies or lead to loss o f shoreline feeding 
habitat. W arming and acidification o f waters damages 
coral reefs, and may affect the distribution and abundance 
o f key food species for some coastal and seabirds.

Few species breeding In the WIO region are globally threat­
ened (I.e. on the IUCN Red List, see sheet H1) because most 
seabirds have very wide distributions. Flowever dependence 
on remote Islands for breeding makes Individual popula­
tions highly vulnerable to changes and threats. The Roseate 
tern Is o f particular concern In the WIO as populations have 
undergone major declines, as Is the status o f the Reunion 
Petre l (C r it ic a lly  E nd an ge red ) and Barau's Petre l 
(Endangered) on Reunion.

tha t regularly support at least 20,000 waterblrds; and 
Criterion 6 for sites tha t regularly support 1 % or more o f a 
waterblrd species blogeographlc population. Many o f the 
key sites for bird species are now recognised Internationally 
as Im portant Bird Areas (IBAs), under a scheme Initiated by 
BlrdLife International, and several o f these are Included 
either w ith in or overlap w ith  MPAs. The distribution o f IBAs 
In the WIO reflects many o f the most Important breeding 
sites mentioned above, but further protection measures are 
necessary In many o f them. BI rd Life's Global Seabird 
Programme, which started In 1997, focuses on specific 
objectives for seabirds, w ith a focus on fishery Interventions 
and regional and global scale Issues affecting seabirds. In 
2004 the GSP launched a marine IBA programme, and 
work towards Identifying marine IBAs In the WIO region Is 
well underway.

Key references -  Baker and Fison 1989; Chittenden) (2007); Grant
(2010); Harrison 1 989; Hayman et al. 1986; Jaquemet et al. (2005); 
Le Corre & Bemanaja (2009); Le Corre & Jaquemet (2005); Le Corre 
et al. (2012); Message & Taylor (2005); Newman (2010); Olsen & 
Larsson (2004); Sinclair & Ryan (2011); Sinclair et al. (2002); Sooth ¡I I 
& Soothlll 1982; Stevenson & Fanshawe (2004); Watson et al. 1 963; 
ZICOMA (2001); Zimmerman et al. (2001).

Management and Conservation

Some o f the large nesting seabird colonies and key roosting 
and feeding sites for coastal migrants Ile w ith in  MPAs. For 
example, the Seychelles has a particularly large number of 
Important breeding sites which are now protected e.g. 
Aldabra, Cousin Island, and Arlde. Another mechanism for 
the protection o f bird populations Is through the designa­
tion o f Ramsar sites under the Convention on Wetlands 
(Ramsar). For designation, a site must meet one o f tw o 
criteria o f Importance to  waterblrds: Criterion 5 for sites
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Marine mammals -  Dugong, Whales and Dolphins

Dugongs range in near shore tropical and subtropical 
coastal and Island waters o f the Indo-Paclfle between 
southern Mozambique In the west and Vanuatu to Japan In 
the east, between latitudes approximately 27° north and 
south, In waters warmer than about 18°C. Population 
estimates have been made In three areas, Australia; the 
eastern Red Sea; and the Arabian Gulf. While the status of 
the dugong over a large proportion o f Its range remains 
poorly known, their populations are significantly depleted 
In most locations, and believed to be declining In over tw o- 
thirds o f their range, and locally extinct In some locations.

Historically, W IO dugong d is tribu tion  extended from  
Somalia to Mozambique and northern South Africa, and on 
the Islands o f the Comoros, Seychelles, Madagascar and 
Mauritius. Throughout this range, dugong populations 
have suffered a steep decline since the 1960s. Although 
dugongs are protected across all the WIO states, enforce­
ment and consequent protection Is strongly lim ited by 
capacity and resources.

Dugong in M ozam bique
Surveys In the late 1960s suggested tha t dugongs were 
common along the Mozambique coastline from M aputo 
Bay, C h ldengue le , Inham bane Bay, Bazaruto Bay, 
M ozam bique Island and Pemba Bay and the Qulrlmbas 
Archipelago. Dugong herd sizes o f 8 -  10 Individuals were 
reported fo r Inhaca Island In 1992, although this area Is 
now  th o u g h t to  support on ly 2 or 3 Individuals. W hile 
dugong were observed th ro u g h o u t Inham bane Bay In 
October 1994, no animals were recorded during a survey o f 
the bay In 2007. The Bazaruto Archipelago supports the 
largest dugong population In the WIO, and although there 
were suggestions tha t the population was declining, recent 
surveys suggest about 300 Individuals. Only one dugong 
was recorded In aerial surveys o f the Qulrlmbas archipelago 
o f northern Mozambique In 2007, and an Incidental sighting 
o f a Ione Individual was made In 2009.

Cetacean zones in th e  W IO, em phasizing th e  p rim ary 

zones o f cetacean sightings (green), blue w hale  sighting 
zones (blue), prim ary feeding grounds (pink), w in te ring  
grounds (red) fo r  humpback whales and m igra tion routes 
(arrows) fo r  humpback whales. ©RAMP-COI

There are approximately 36 species o f whales and dolphins 
In the WIO region, o f which 8 are baleen whales, 2 to 3 
sperm whales, 13 toothed whales and 13 dolphins. Dugong 
are reduced to scattered remnant populations, probably 
totaling no more than 500 animals In the WIO, o f which 
over 300 are known to exist In the Bazaruto Archipelago.

Species known to have reduced In numbers In the WIO 
Include the dugong (dugong dugon) blue whales (Balae­
noptera musculus), fin whales (B. physalus), sei whales (B. 
borealis) and humpback whales (Megaptera novaeangliae). 
The severe depletion o f almost all stocks o f 'great whales' In 
the Southern Hemisphere Is well documented.

Dugong ©Fergus Kennedy

Dugong (Dugong dugon)
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Key locations fo r dugong observations

■ Mozambique, where the most significant population 
o f about 300 In Bazaruto Is Intensely studied and 
under pressure; likely minor populations In the north 
In the Qulrlmbas and Prlmelras/Segundas Islands.

■ Madagascar, where the most Important dugong areas 
are the  Islets o f A ndavadoaka - M orom be ; at 
Ambararata -  Courrier and Diego Bay; the bays and 
estuaries o f Sakoany -  Bombetoka; Ambavarano -  
Vohémar; and Salnte-Marle Island;

■ Tanzania, In the region o f the Rufljl Delta and Mafia 
Island;

■ Aldabra, Seychelles -  tw o  dugong were recorded In 
the lagoon In the last 5 years.

■ Mayotte -  the lagoon.

■ Kenya -  small populations o f a few  Individuals persist 
o ff the Lamu-Klunga coast and at Gazl In the south 
near the Tanzanian border;

Dugongs possibly still occur In the Comoros (at Mohell
Island) and o ff the Somalia coast, although their current
status Is unknown. They appear to have become extinct
from Mauritius and the Maldives.

The ta il o f a diving humpback whale, and a tu rt le  hatch­
ling. Both whales and tu rtles  depend on ocean currents 

and productivity, m igra ting 1000s o f kilom eters to  take 
advantage o f th e  best habitats to  complete the ir very d if­
fe ren t life  cycles. ©IUCN

Humpback whales (Megaptera novaeangliae)

Humpback whales are w idely distributed th roughout WIO 
w ith  distinct population structure tha t Is still under study. 
Four subpopulations are suggested by the IWC: 1) on the 
East coast o f Africa from South Africa to Kenya. This Is a 
large substock, likely >6000 animals; 2) In the Comoro 
Islands, a smaller aggregation, w ith  Mayotte having a high 
sighting rate o f mothers w ith  calves and potential high 
residency, and a late season peak; 3) around Madagascar, 
likely the largest substock w ith 7000-8000 animals; and 4) 
the Mascarene and Seychelles Islands, a smaller aggrega­
tion, possibly a recent range expansion fo llow ing recovery 
o f numbers since protection from whaling. Current genetic 
ev idence suggests the  above may fo rm  2 gene tic  
substocks, w ith  the Islands (Com oros, Madagascar, 
Mascarenes, Seychelles) experiencing significant mixing. It 
may be tha t the Comorlan stock represents a connection 
to the East African one.

Migration o f humpbacks Is primarily along north-south 
routes, w ith  popu la tions from  the southern  Ocean 
m igrating along the East A frican coast, th rough the 
Mozambique Channel and up the Madagascar Plateau. A 
major w in te ring  concentration has been Identified In 
Antongil Bay In NE Madagascar. Key areas fo r humpback

observations, sightings above w a te r and fo r hearing 
whalesong underwater Include, among other locations, 
Antongil Bay (NE Madagascar), Tofo (S Mozambique), 
Nacala/Qulrlmbas (N Mozambique), Reunion and Mallndl 
(Kenya). Recent w ork suggests a major w intering ground 
for humpbacks o ff Bazaruto, Mozambique, and significant 
concentrations o ff Zanzibar.

Boat-based surveys o f the waters surrounding Mayotte 
have been conducted In the austral winters o f 1995-2002. 
A  total o f 102 Individuals have been Identified. Mother and 
calf pairs make up a large number o f the total observed, 
and have been seen In the region as late as November. They 
make extended stays In the region and have been re­
sighted over a two-week period. Very little behaviour asso­
ciated w ith  mating activity (competitive groups and singing) 
has been observed In this area. Given the high percentage 
o f mother/calf pairs and low frequency o f mating activity, 
the waters o f Mayotte may serve as a critical w intering 
habitat or resting point along the m igration route for 
mothers and calves. Some photographic matches have 
been made w ith  other humpback whale w intering areas In 
Madagascar, providing some evidence o f migratory links.
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Whales and dolphins 
found in the WIO

Baleen W hales -  Mysticeti

Eleven species are kn o w n  w o r ld w id e  -  8 are 
fo u n d  In th e  W IO:
-  Southern Right Whale (Eubalaena australis)
-  Blue Whale (Balaenoptera musculus)
-F in  Whale (Balaenoptera physalus)
-  Sei Whale (Balaenoptera borealis)
-  Bryde's or Tropical whale (Balaenoptera edeni)
-  Gray whale (Eschrichtius robustus)
-  Mlnke Whale (Balaenoptera acutorostrata)
-  Humpback Whale (Megaptera novaeangliae)

Toothed W hales -  Odontoceti

Sperm W hales (Physeteridae) w ith  o n ly  3 species
-  Pygmy Sperm Whale (Kogia breviceps)
-  Dwarf sperm whale (Kogia simus)
-  True sperm whale (Physeter macrocephalus)

G lob icepha lidae  w h ich  Includes 6 species
-  Great Killer Whale (Orcinus Orca)
-  Melon headed whale (Peponocephalus electra)
-  False Killer whale (Pseudorca crassidens)
-  Short-finned pilot whales (Globicephala 

macrorhynchus)
-  pygmy killer whales (Feresa attenuata)

Beaked W hales -  Z iph iid ae  Includes 18 species 
w o r ld w id e  Inc lud ing :
-  Dense beaked whale (Mesoplodon denirostris) 

Dolphins

-  Spinner dolpln (Stenella longirostris)
-  Spotted Dolphin (Stenella attenuata)
-  Common Dolphin (Delphinus delphis)
-  Humpback dolphin (Sousa chinensis)
-  Indian Ocean Bottle nose dolphin (Tursiopsaduncus)
-  Risso's dolphin (Grampus griseus)
-  Rough-toothed dolphin (Steno bredanesis)
-  Fraser's dolphin (Lagenodelphis hosei)
-  Striped Dolphin (Stenella coeruleoalba)
-  Risso's dolphin (Grampus griseus)

Blue whales (Balaenoptera musculus)

Blue whales are poorly documented throughout the WIO, 
but have a high conservation Importance globally, as 
their numbers are estimated to be at 1-2% pre-whaling 
abundance In the Southern Hemisphere. Two sub-species 
are recognized, and the one In the WIO Is the pygmy 
blue whale B. m. brevicauda. These are likely restricted to 
waters north o f about 55°S, and likely breed In tropical 
waters, though very little Is known about distribution. The 
other subspecies Is the Antarctic blue whale B. m. in te r­
media, which summers In the Antarctic but has unknown 
wintering/breeding areas. Based upon vocalization types 
(song "dialects"), there appear to  be at least 3 populations 
o f pygmy blue whales In the Indian Ocean -  a Madagascar 
call type, a Sri Lanka call type, and an Eastern lOAA/estern 
Australia call type. The Antarctic blue has a single distinc­
tive call type.

Blue w h a le  s ig h tin g s  have p r im a r ily  been In the  
M ozam bique Channel, o f f  the SW and SE coasts o f 
Madagascar, and on the Madagascar Plateau. Approx 450 
pygm y blue whales are estim ated fo r the  south o f 
Madagascar on the Madagascar Plateau. Based on acoustic 
observations, there Is some evidence fo r range overlap o f 
the different call type populations, w ith  the Madagascar 
Plateau having only the Madagascar call type, the northern 
tip o f Madagascar having both Antarctic and Sri Lanka call 
types, and the Crozet Islands having Madagascar and 
Antarctic call types. Historic data from whaling suggests 
there Is a pygmy population NW o f the Seychelles (offshore 
Kenya/Somalia), but Its current status Is unknown and 
possibility for migratory connections w ith southern popula­
tions Is similarly unknown.

Southern Right Whale (Eubalaena 
australis)

The primary distribution for this species Is outside o f the 
WIO, on the southwest coast o f South Africa, but recent 
sightings have Included southern Mozambique, and around 
Madagascar on both the east and west coasts, In Antongil 
Bay, o ff Fort Dauphin, Tollara/Anakao, and Andavadoaka. 
The current population Is estimated at 1,500 -  4,000 Indi­
viduals. The population Is undergoing recovery, and the 
sporadic WIO sightings may Indicate expansion back Into a 
prior range, and/or may represent remnants o f a more 
widely distributed population tha t was extirpated.

Beaked whales

Recent aerial surveys are providing new Information on 
this previously little  known group. The M ozam bique 
Channel emerges as a very Im portan t high diversity 
hotspot, particularly o ff the mid-west coast o f Madagascar. 
High diversity Is also found In SW Madagascar and around 
the Comoro Islands extending east to NW Madagascar In
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A  pair o f Spinner do lph in  (Stenella longirostris) near A ldabra. ©Cheryl-Samantha Owen/vwm.samowenphotography.com

off-shelf waters. These surveys did not include the main­
land coast o f Africa, but many species are also reported 
along the mainland coast.

Coastal Dolphins

The 13 dolphin species known from the WIO are w ide­
spread, though four coastal species are o f primary Interest 
for conservation:

Indo-P ac lflc  H um pback D o lp h in  (Sousa chinensis) Is 
widely distributed along the west coast Madagascar, and 
eastern African Mainland from South Africa to Tanzania, 
and In northern Kenya. It Is typically In small group sizes, 
and may form mixed species groups w ith  bottlenose and 
other dolphins. The species prefers sheltered shallow (< 30 
m) coastal waters, and Is not found on Madagascar east 
coast sites such as Antongil Bay and Fort Dauphin. In 
Madagascar, It Is well documented only In Tollara/Anakao, 
Mahajunga, Loza Bay, Nosy Be region, Mahjunga and Nosy 
Mltslo. It Is extremely vulnerable to  human activities.

Indo-Paclflc  B ottlenose  D o lph in  (Tursiops aduncus) Is 
widely distributed and common throughout the region. The 
species Is well documented In E and W  Madagascar, as well 
as In Tanzania, Kenya, South Africa, Mozambique, Mayotte, 
Reunion and Mauritius. It Is typically In near-shore, shallow 
waters, but can also be found In deeper coastal waters. In 
most locations It Is not hunted, except on the west coast of 
Madagascar, but Is vulnerable to human activities as there 
Is a significant bycatch In coastal arltsanal fisheries.

S pinner d o lp h in  (Stenella longirostris) Is w idely distrib­
uted and common throughout WIO. W hile It Is also typ i­
cally found In near-shore, shallow waters, It can also 
frequent deeper coastal waters and may exhibit a diel 
pattern o f close near-shore, shallow water distribution 
during daylight (resting phase), and offshore, deep water 
distribution during nighttim e (feeding phase). Unlike the 
other tw o  species, group sizes can be large, In the 100s.

S po tted  d o lp h in  (Stenella a ttenuata) are most abundant 
than than other species o f dolphin, In surveys conducted 
o ff western Madagascar and Mozambique, and also abun­
dant In aerials surveys conducted In Kenya.

All four dolphin species have high conservation value as 
their coastal ranges, life history and habits make them 
vulnerable to  human activities. This also gives them valu­
able as an Indicator species o f general human Impacts In 
the coastal marine environment. W hile they are typically 
not hunted, dolphin hunting Is a threat on the southwest 
and west coast o f Madagascar.

An Interesting aspect regarding cetaceans In the WIO Is 
th a t there are a num ber o f sim ilarities between the 
cetaceans In the WIO, the eastern tropical Pacific and the 
Gulf o f Mexico. Firstly, the same species were common or 
rare, regardless o f ocean. Second, these differences In 
abundance were due primarily to differences In encounter 
rate, and less to school size. Third, regardless o f ocean, 
three species comprised the majority o f the cetaceans 
encountered, Stenella attenuata, S. longirostris, and S. 
coeruleoalba.
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Threats

The near-shore zone throughout the WIO is highly produc­
tive and subject to  high levels o f artisanal exploitation and 
development, especially In nearshore habitats such as 
seagrass and coral reefs. Dugongs are entirely dependent 
on such seagrass and reef habitats. An Increase In large 
mesh gili netting from the 1970s onwards, along w ith  a 
lack o f law enforcement, seine netting, commercial trawl 
operations, palisade fish traps, habita t destruction o f 
seagrass beds and Increased anthropogenic disturbance all 
c o n tr ib u te  as th re a ts  to  d u g o n g  p o p u la t io n s  In 
Mozambique, and In the WIO.

The greatest threats known to whales and dolphins (similar 
to the Dugong) Include fishing net entanglement either 
directly (whaling) or Indirectly causing death through 
drowning. Chemical pollution (heavy metals, pesticides 
and other toxins) can cause direct harm to the animals by 
accumulation In their tissue, via Ingestion o f contaminated 
prey. Deep water beaked whales and delphlnlds are known 
to be sensitive to acoustic disturbance In areas w ith  rapidly 
expanding exploration for offshore petroleum (Including 
seismic surveys and bathymetric mapping, Implicated In 
disturbance and strandlngs In other regions). A  key area Is 
NW Madagascar where there are active offshore petro­
leum concessions, high species diversity Including deep- 
water species, and a recent mass stranding o f offshore 
dolphin (melon headed whale, Peponocephala electra) 
tha t was coincident w ith  petroleum exploration activities. 
There was also a mass stranding o f common bottlenose 
dolphins o ff Bazaruto In October 2007, coincident w ith  
offshore seismic surveys.

There Is critical need to Investigate the status o f dolphin 
populations and threats to them In the countries bordering 
the Indian Ocean. More research emphasis should In future 
be placed on Investigating by-catch and the possible over­
fishing o f delphlnld prey stocks, and on abundance and 
distribution particularly fo r offshore cetacean species. 
W ith in South Africa and Mozambique, there Is limited 
evidence tha t the IOS has played a role In stimulating 
research on cetaceans to date. In Zanzibar, research on 
dolphins based on m orta lity  as fisheries bycatch has 
revealed Information on diet and population structure. 
Whale or dolphin watching, If developed carefully, could 
bring much needed Income to developing countries. This 
has recently been developed In a number o f countries 
Including South Africa, Kenya, Seychelles and Mauritius.

Key references -  Best et al. (1996); Branch et al. (2007); Cerchio et 
al. (2008); Cerchio et a!. (2009); Cherfas 1989; Clark & Lamberson 
1982; Cockcroft (1995); Cockcroft & Krohn (1994); Cockcroft & 
Young (1998); Cockcroft e f al. (1994); Dulau-Drouot et al. (2011); 
Findlay et al. (1998); Klszka (2010); Klszka et al. (2007); Klszka et al. 
(2008); Klszka et al. (2010); Laws (1985); Leatherwood & Donovan 
1991; Leatherwood et al. (1984); Marsh & Lefebvre (1994); Marsh ef 
al. (2001); Peddemors (1999); REMMOA (unpublished); Rosenbaum 
ef al. (1997); Slrenews (2001).

Conservation of marine mammals

The Bazaruto Archipelago Is an existing MPA, and has the 
largest and possibly last viable dugong population In the 
Eastern African region. The survival o f the dugong u lti­
mately depends on the maintenance o f adequate habitat, 
notably the sea grass beds.

A m o n g s t the  e ffo r ts  o f the  In te rn a tio n a l W ha ling  
Commission (IWC) to facilitate the recovery o f the great 
whales was the estab lishm ent o f the Indian Ocean 
Sanctuary (IOS) In 1979. This Sanctuary consists o f those 
waters o f the Northern Hemisphere from the coast o f Africa 
to 100°E (Including the Red and Arabian Seas and the Gulf 
o f Oman) and those waters o f the Southern Hemisphere 
between 20°E and 130°E from the equator to 55°S. The 
Sanctuary offers protection from commercial whaling to the 
great whales. The IOS Is generally established for limited 
time periods, and has been extended continuously to date, 
In 1989, 1992 and most reently In 2002.
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Mozambique Channel

Description

The M ozam bique Channel extends from  about 12°N, 
where the Glorioso Front marks the transition from the 
South Equatorial Current to the waters o f the channel, 
slightly N o f Glorieuses island, to  about 25°S at a line 
stre tch ing from  the  southern tip  o f Madagascar to 
Mozambique. It varies from approximately 800-900  km 
w ide at its northern and southern ends, to a minimum o f 
400 km w ide at about 16°S.

The channel started to  form about 180 mya as the ancient 
continent Gondwana rifted and Madagascar (then joined 
w ith  India, Australia and Antarctica) spilt o ff from the 
African coast. Since about 140 mya its configuration has 
remained relatively constant though during the Cenozoic 
the Africa-Madagascar complex has migrated northwards 
about 15° o f latitude, and tectonic and volcanic activity has 
occurred In the central and northern parts o f the channel. 
The floor o f the channel ranges from about 3500 to 
< 2000 m, being shallowest at the narrowest point at 
about 16°S. W ith in  the northern part o f the channel, 
tectonic and volcanic activity has resulted In the formation 
o f the Davie Ridge (13-18°S) which peaks at 300 m. A 
hotspot has created the Comoros Islands, starting w ith 
Mayotte (5.4 mya) and ending w ith Grande Comore, which 
is estimated at 130,000 y, and still active today, and a 
source o f earthquakes and volcanic eruptions.

The oceanography o f the M ozam bique Channel was 
unknown until ten years ago, when the existence o f highly 
variable eddies several 100 km across, often in dipoles (an 
anticyclonic and cyclonic eddy pair) tha t formed in the 
region around the Comoros were discovered. As a result of 
vorticity imparted into the flow  o f the SEC as it flows 
around the tip  o f northern Madagascar, both cyclonic 
(clockwise) and anticyclonic (anticlockwise) eddies are 
generated. A t times, a larger gyre is also formed that circu­
lates around the Comoro islands. Further dynamism in 
these features Is Imparted by Rossby waves tha t cross the 
Indian Ocean, interacting w ith  the narrow constriction of 
the channel at 16°S. Often eddies are generated in pairs 
tha t move southwards through the channel, and 6-8 pairs 
may be formed through the course o f a year.

The consequences o f eddy form ation ramify throughout 
the channel, and at all levels o f biological functions. 
Because water flows in all directions as a result o f the 
eddies, genetic connectivity throughout the Mozambique 
Channel is likely very high, particularly in the north, 
resulting in high retention and recruitment o f larvae in 
pelagic and shallow marine ecosystems, and thereby high 
resilience o f communities and populations. Due to the rota­
tion o f the eddies, they also result in down -  and up-

welling o f water, and warmer and cooler temperatures in 
the centers o f the eddies, and this transfers nutrients 
across the thermocllne. Further, the eddies reach through 
the water column to  at least 1000 m depth, and as these 
touch the continental shelves they draw nutrients o ff the 
slopes and into the water column. These eddy dynamics 
profoundly affect pelagic biological communities including 
phytoplankton, Zooplankton, larger invertebrates, fish and 
marine mammals, and birds. While the full biological conse­
quences o f the eddy dynamics are not yet known these 
count as a unique oceanic system and likely to be critically 
im p o rta n t no t on ly  fo r  the  b io logy  o f species and 
ecosystem processes in the Mozambique channel, but also 
for fisheries and other economic uses.

The M ozam bique Channel ©David Obura

Depth in the  M ozam bique Channel, showing the  major 
transitions from  2000 m In the  m id -po in t o f the  channel 
down to  >4,000m tow ards the  basins to  th e  north  and 
south. ©David Obura
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C o n n e c tiv ity  p a tte rn s  in th e  n o rth e rn  M oza m b iq u e  
Channel, show ing d r if te r  paths th a t  move across th e  
en tire  channel, and bo th  no rth  and south o u t o f  the  

northern channel region. ©Raymond Roman

Finally, the highly dynamic eddies and net current In the 
channel contributes about 50% o f the water transported In 
the Agulhas current, form ing a link In the chain o f transport 
o f water masses from the Pacific back to  the Atlantic. This 
contribution o f water from the Indian to the A tlantic

oceans may be a significant factor In climate regulation on 
a planetary scale, and a justification for new research to 
address this question.

The Interaction o f waters o f the East Madagascar Current 
flow ing southwards and over the Madagascar Plateau 
results In highly dynamic and productive coastal and 
o ffsho re  up w e lllngs . Due to  the  c o n tin u ity  o f the  
Madagascar Plateau w ith  Madagascar Island, and similar 
turbulent Interactions between the geology and ocean 
currents at northern and southern tips o f the Island, this 
Plateau Is used here to extend w hat Is normally considered 
as the Mozambique Channel boundary farther south, 
beyond the tip o f Madagascar. Turbulient currents and 
upwelllng waters from the Madagascar Plateau flow  Into 
the southern part o f the Mozambique Channel, Interact 
w ith  the waters here (and hence may also Influence 
channel dynamics farther north when carried north In 
eddies), and the tw o  merge to  form  the Agulhas Current 
o f f  South A frica . To capture these Interactions, the 
Mozambique Channel as described here, Includes features 
o f the  oce an og ra ph y  o f the  M adagascar P lateau.

Jurisdiction -  the Mozambique Channel Is entirely w ith in  
the EEZs o f the neighbouring countries, which Include 
Mozambique, Madagascar, the Comoros, Tanzania and 
France.

Potential Outstanding Universal Value

Criterion viii -  Geology and oceanography

The Mozambique Channel Is bounded by the oldest coastlines and 
seabed of the Indian Ocean, and marks the first stages In the tectonic 
movements that created the ocean.

The eddy and gyre generation dynamics of the channel are unique 
globally, contributing to the western boundary currents In the Indian 
Ocean that play a role In the global conveyor belt of ocean circulation, 
and regulation of the climate system.

Similar upwelllng and turbulence features are produced on the 
Madagascar Plateau, tha t feed Into the southern Mozambique 
Channel and thence Into the Agulhas Current system

Criterion ix -  Ecology, species and evolution

Over an evolutionary tlmescale, the geology and oceanography of 
the Mozambique Channel may have played a key role In driving the 
evolutionary dynamics of the Western Indian Ocean, maintaining and 
accumulating species In the northern Mozambique channel In a bio­
diversity center second In absolute numbers to the Coral Triangle 
region, but w ith a unique evolutionary history and genetic diversity.

Genetic connectivity In the Mozambique Channel show several over­
lapping patterns -  one of high mixing throughout the channel but dis­
tinct from points farther north In the EACC (coelacanth), and one 
showing a barrier at the narrow constriction of the channel, showing 
southern and northern populations (green turtle). Corals show high­
est diversity, and Indications o f high connectivity In the northern 
Mozambique Channel.

Criterion x -  Habitats and conservation

The geology and oceanography of the chan­
nel profoundly affect the ecosystem dynamics 
and habitats of the channel. The unique eddy 
dynamics o f the channel and upwelllng on 
the Madagascar Plateau contribute to  the 
highly connected and highly productive shal­
low benthlc and pelagic marine communities, 
affecting the productivity of coral reefs, plank­
tonic and pelagic communities alike, and the 
behavior, spatial and temporal activities of 
species groups Including large fish, marine 
turtles, seabirds and marine mammals.

Seabirds: half of the breeding seabirds of the 
WIO breed In the Mozambique Channel, and 
It and the Madagascar Plateau are the two 
most productive o f the five main foraging 
grounds for seabirds In the WIO.

Turtles: Europa has the most significant green 
turtle nesting site In the Indian Ocean, and 
migration patterns criss-cross the channel due 
to oceanographic conditions and high mixing.

Cetaceans: use the Mozambique Channel as 
prime wintering, feeding and nursing grounds.
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Threats

The Mozambique Channel Is bordered by long coastlines 
and nations w ith  growing and active fishing fleets, and the 
Increased understanding o f productivity In the channel will 
undoubtedly lead to Increased and targeted exploitation of 
fisheries and other living resources. Extraction for genetic 
resources Is growing, reflecting the high genetic diversity In 
the channel, as are threats o f mineral, oil and gas extrac­
tion, and climate change.

Management

A t the level o f the channel, and w ith  respect to oceano­
graphic processes, management w ith in  the channel Is 
nascent. Individual countries have taken steps towards site- 
based management In MPAs (Mozambique and Madagascar 
In coastal MPAs, France In whole-EEZ MPAs In Mayotte and 
Glorieuses) requiring additional Instruments relevant to 
ICZM, EEZ and fisheries Instruments to regulate threats suffi­
ciently to meet WH designation for Individual sites, or the 
channel as a whole. The Nairobi Convention Is the prime 
convention relevant to marine and coastal management 
that all countries bordering the channel are party to.

Geographic scale and integrity issues

The channel covers 13° o f latitude and varies between 
400-900 km wide, equivalent to almost 1 million km2 of 
ocean. Whole-slte designation as a World Heritage site Is 
unlikely, offering the possibilities o f designating key sites or 
regions within the channel that may reflect different proper­
ties. Further, different portions o f the channel contain 
different components of the geological and oceanographic 
features o f OUV, that support different classes of biological 
systems (species and ecosystems) that themselves have poten­
tial OUV. Thus, the report proposes an approach at tw o levels:

1) Reglonal/trans-boundary- recognition o f the geological 
and oceanographic features o f OUV at the level o f the 
Mozambique Channel as a whole. These w ill serve to 
provide the Integrity and governance context among the 
countries tha t share the channel to frame a consistent 
set o f sites tha t can be part o f an overarching trans­
boundary serial site th a t extends across the entire 
channel,

2) National -  w ith in Individual countries, the designation of 
the  specific locations w ith  po ten tia l O u ts tand ing  
Universal Value tha t would be the Individual sites In the 
channel-wide serial site. Based on current knowledge, 
the fo llow ing Individual sites are proposed:

a) N orthern  M ozam bique  to  sou thern  Tanzania -  
Nacala -  Qulrlmbas -  Mtwara

5 '

The M ozam bique channel. ©David Obura

b) Northern Madagascar -  the bays and Islets o f northern 
Madagascar, from Nosy Ankao/Loky Bay In the east to 
Sahamalaza/Radama In the west.

c) The Comoros -  Glorieuses crescent, Including the 
Comoros, Mayotte, Glorieuses and the Zélée and 
Geyser banks.

d) The Scattered Islands (Iles Éparses) In the central and 
southern Mozambique Channel

e) Southern Mozambique -  the Bazaruto-Tofo complex

f) Southern Madagascar -  the 'deep south' o f Mada­
gascar, Including the coast and Madagascar plateau.

In considering these Individual sites, their hydrodynamic, 
geological and biological Integrity must be sufficiently 
assessed to  meet the stringent criteria for W orld Heritage 
designation, so tha t each site on Its own, as well as as part 
o f the serial site, has OUV.

Site type -  a serial (potentially transboundary) nomination 
w ou ld  likely best address the OUV o f the M ozam bique 
channel, comprising Individual sites also expressing OUV of 
w hat they contain.

O ther sites in the region -  no other part o f the WIO Is
comparable to the Mozambique Channel.

Key references -  Ali & Huber (2006); Beal ef al. (2010); de Ruijter 
ef al. (2005); Obura (2012); Obura (in review); Ternon ef al. (2012).
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Quirimbas -  Mnazi Bay Complex

Location

The Quirimbas archipelago Is a string o f coastal Islands 
extending from  Pemba Bay In northern Mozambique, 
400 km to the Ruvuma estuary and the Mtwara-Mnazl Bay 
reef system In southern Tanzania. A  series o f submarine 
canyons con tinue  fa rthe r south In M ozam bique, to  
approximately Nacala In Nampula province, and we use 
this to define this region where submarine canyons, deep 
sheltered bays and coastal Islands Interact w ith  the South 
Equatorial Current (SEC) and eddies o f the northern 
Mozambique channel.

General Description

This complex Is located In the center o f the East Africa 
Marine Ecoreglon (EAME) o f the WIO where the South 
Equatorial C urrent (SEC) and unique oceanographic 
features o f the Mozambique Channel meet the mainland 
African coast. A t the northern end o f this region, the EACC 
flow s north th roughou t the year, form ing a one-way 
conveyor fo r marine larvae dispersed northw ards to  
Tanzania and Kenya. A t the southern end o f this region, 
upwelllng and the Zambezi delta system Influence marine 
habitats, and past the constriction In the channel at 17°S 
flow  Is predominantly southwards. Between these tw o 
points, clockwise and anticlockwise eddies may push water 
In any direction, and the consistent marine climate results In 
the highest diversity In coral reef species west o f the 
Andaman Islands In the Indian Ocean.

Geologically, the site Is In the East Karroo Rift System, 
composed primarily o f old sedimentary deposits from the

Jurassic and Lower Cretaceous. The sedimentary layers are 
eroded In places, such as Mnazi and Pemba Bays, w ith addi­
tional structure provided by past reef growth that forms the 
reefs and Islands along the coastline. The continental shelf Is 
very narrow, o ff Mnazi Bay being only about 1-3 km wide. 
Deep canyons are carved In the continental slope at some 
locations, such as Pemba Bay, which continue southwards In 
Nampula province, such as at Nacala.

Q uirim bas-M twara is at the  northw est o f th e  M ozam bi­
que channel transboundary site. ©David Obura

Coral reefs o f the  Quirim bas-M twara region are among th e  most diverse and robust in the  region, both in th e  shallows (left, 
Vamizi island) and on deeper p la tform s and slopes (righ t, Pemba Bay). ©David Obura
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The Quirimbas Archipelago comprises some 28 Islands and 
the offshore Lazarus Bank. The archipelago has the highest 
diversity o f corals recorded In the WIO (along w ith  northern 
Mozambique), w ith  almost 300 species In 60 genera. The 
region has Im portant marine and terrestria l habitats, 
Including coral reefs, mangroves, m lom bo woodland, 
acacia savannah, coastal thicket and tropical dry forest and 
woodland. Charismatic species Include turtles, dugongs 
and elephants, and many rare and endemic plant species. 
Three species o f marine turtles are known to feed and nest 
In the region, namely the olive rid ley and green, w ith  high 
abundance o ff lbo Island, and hawksbllls o ff Qullalea and 
Senear. Dugong are known to  reside In the Qulrlmbas 
National Park area, but are scarce and their actual numbers 
unknown. Dolphins, whales (namely the humback whale), 
sharks Including bull shark, w h ite  tip  shark, whale sharks 
and large populations o f manta rays are known to frequent 
the Islands. The Qulrlmbas National Park protects a portion 
o f the south-central part o f the archipelago and mainland, 
Including approximately 6,000 km2 o f mainland and 1,500 
km2 o f marine and Island habitats. Eleven coral Islands lying 
close offshore and stretching for 100 km along the coast, 
are Included In the Park. In the north, consortia comprising 
villages and private operators have established protected 
zones around Vamlzl and M etundo Islands.

The Mnazi Bay Is enclosed by sandy shores to the west and 
the Ruvula-Mslmbatl spit and string o f rock Islands and 
reefs to the east. The bay varies In size from 67 to 150 km2 
at low  and high tides, respectively, w ith  only one major

deep channel, the Ruvula Channel In the south. As a 
result, the channel experiences very high tidal currents (up 
to 6 knots) creating a complex range o f coral reef and 
other habitats, making It an unusual feature for East 
African reefs. The distinctness o f the Mnazi Bay-Ruvuma 
Estuary Com plex was recognized by the  Tanzanian 
G overnm ent fo r  Its b iod ivers ity  value In 2000, and 
gazetted as Tanzania's second marine protected area, the 
Mnazi Bay -  Ruvuma Estuary Marine Park (MBREMP) 
covering an area 650 km2, o f which, 200 km2 Is marine, 
Including Islands, coral reefs and mangrove forests.

Threats

The region has been remote for many years, w ith generally 
low coastal population density, however active migration by 
fishermen has resulted In high pressures throughout the 
region. The more densely populated areas, such as around 
Pemba Bay and Mnazi Bay show severe Impacts from over­
fishing, net dragging, gili netting, dynamiting and Illegal and 
unregulated fishing. Migrant fishing along the coastline poses 
particular problems o f regulation, as Incentives to reduce over­
fishing are low. Around Mnazi Bay, historical dependence on 
coral mining has led to stripping o f shallow reefs o f the 
primary reef building coral, Porites. Climate change has 
Impacted reefs In the region, though w ith very variable levels 
o f Impact, perhaps reflecting complex Interactions between 
the variable eddies and currents, and the complex shoreline o f 
Islands, bays and adjacent mangrove ecosystems.

Potential Outstanding Universal Value

Criterion viii -  Geology and oceanography

O ceanography: the northern Mozambique coast experiences 
extremely high mixing due to  cyclonic and anticyclonic eddies 
generated In the north o f the Mozambique Channel, and Is 
defined by breakpoints to the north, where the EACC touches the 
Tanzania coastline flow ing north all hear, and to the south where 
the narrowest part of the Mozambique Channel Induces changes 
In currents and upwelllng features on the Mozambique coast.

Criterion x  -  Habitats & conservation

Coral reefs: the Qulrlmbas -  Mnazi Bay complex hosts the high­
est diversity of corals In the region, together w ith the upper NW 
coast of Madagascar, w ith over 300 species.

Mangroves: the complex hosts some of the best mangrove stands 
In the WIO In complex bay channel and estuarlne conditions.

Connectivity: the high levels of connectivity make this coastline a 
critical source and refuge for the dispersal and maintenance of reef 
diversity to downstream areas to the north and south on the main­
land coasts, and to the east side of the Mozambique channel.

Criterion ix -  Ecology, species and 
evolution

Diversity: the complex Is a critical node for accu­
mulation and dispersal of marine organisms.

Fish: the highest fish diversity In the WIO, with 
high abundance found In deeper waters such as 
the St Lazarus bank

Turtles: notable nesting site for greens and hawks­
bllls and foraging ground for olive rldleys, logger­
heads and leatherbacks.

M arine  mammals: Important humpback whale 
mother/calf nursing zone.

Sharks and Rays: a superlative reef shark site 
between Vamlzl/Metundo Islands shows the Influ­
ence of variable currents In aggregating the sharks, 
and In protecting them from use.

Birds: high densities of migrating crab plovers, 
and breeding populations o f varied birds on 
remote Islands and rocks.



Assessing Marine World Heritage from an Ecosystem Perspective: The Western Indian Ocean

The northern Mozambique coast is one o f the most active 
regions for oil and gas exploration, w ith  significant finds o f 
gas offshore, and existing operations in Mnazi Bay. W hile 
one o f the cleanest possible extraction activities, gas 
extraction and associated developm ent may pose the 
greatest threat to marine ecosystems In the region, and 
any losses In this region may have run-on Impacts more 
broadly In East Africa due to the region's Importance as a 
source o f larvae. A  natural gas processing plant proposed 
north o f Vamizi Island may provide a locus for focusing 
governance and conservation efforts for the region as a 
whole, w ith  significant a ttention by the M ozambique 
governm ent and the IUCN.

Management

National marine protected areas have been designated at 
the southern (Quirmbas National Park) and northern (Mnazi 
Bay -  Ruvuma Estuary Marine Park, MBREMP) parts o f this 
region, providing a foundation for trans-boundary initia­
tives. Further, private Initiatives between villages/communi­
ties and the private sector are establishing successful 
reduced- or no-take areas (e.g. Vamizi, Metundo) w ith 
benefit-sharing w ith  the local com m unities. However, 
successful integration o f these efforts, and expanding the 
area o f well-managed parts o f the region are needed, and 
active transboundary Initiatives w ill be needed to deal 
effectively w ith growing threats in particular fishing, climate 
change and mining.

Geographic scale, integrity 
and site type

The complex Is unique In the WIO and globally, particularly 
as it acts as critical node to supplying marine organisms to 
the East African coast (Kenya, Tanzania, Mozambique and 
northern South Africa). Either the entire system, or key 
locations w ith in the region, could form a potential nomina­
tion for W orld Heritage listing.

Other sites in the region -  other sites In the region either 
have similar (N Madagascar) or lower-dlverslty communities 
o f similar types as the Qulrlmbas-Mnazl Bay Complex, 
however its oceanography and coastline interactions are 
unique, and biodiversity at the highest level, establishing it 
as a critical zone for biodiversity conservation.

Key references -  Garnier e f al. (2008); Kelleher e f al. (1996); Kemp 
(2000); McCarthy ef al. (1994); Muhando ef al. (1 999); Obura 
(2004); Samollys ef al. (2011); Wagner ef al. (2004).
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North and northwest Madagascar
(from Ambodivahibe to Sa ha m a laza)

Location

The site is located in the  no rth  and n o rth w e s t o f 
Madagascar from from Loky/Ambodivahibe bays, around 
the tip  o f Cap d'Ambre, to the Bay o f Sahamalaza/Radama 
to the west, and from the coastal terrestrial habitats to 
deep water at the 200 m contour.

Description

The northern tip  o f Madagascar has a unique mix o f 
marine habitats due to opposing physical and oceano­
graphic features on the east and the west sides. The site 
covers the continental shelf from the coastline to  the 
border o f the shelf, encompassing many different types of 
shelves, bays and islands. In the east, the narrow steep 
continental shelf results in narrow deep bays w ith  canyons 
leading into deep water, experiencing strong upwelling 
(Ambodivahibe and Loky bays). In the west, a broad 
shallow bank rings the coast w ith  a fossil reef at Its edge, 
currently at 70 m depth, sheltering large bay systems such 
as Narindra, Mahajamba and Ramanetaka -  Sahamalaza. 
On both sides, the bays contain mixed habitats o f coral 
reefs, mangroves and seagrass beds. Offshore o f the west 
coast is the shallow submerged Castor Bank, w ith the edge 
o f the bank at 30-50 m, and shallowest depths o f 10 m.

Complex island systems are found on the west coast, 
including Nosy Mitsio, Nosy Hara, Nosy Tanikely (and the 
principal island o f Nosy Be), being o f different origins 
In c lu d in g  vo lcan ic  (c o n te m p o ra ry  w ith  M o n ta g n e  
d'Ambre), karstic (eroded reef structures) and sedimentary.

The northern tip  o f Madagascar Is at the upstream end of 
the peak biodiversity region o f the Indian Ocean, second 
only to the Coral Triangle in diversity o f shallow marine 
species. Not only is it an Important part o f this region, its 
geology and oceanography may be key triggers for ocean- 
climate interactions, and upstream source reefs for marine 
species, for this high diversity region.

Jurisdiction -  Madagascar

Threats

Coastal traditional and Industrial fisheries pose a high 
degree o f threat particularly to the west coast as conditions 
are often calm. Overexploitation occurs o f many marine 
resources, including holothurians, and molluscs, as well as 
sea turtles, dugongs, sharks and rays, and birds eggs. On

Loca tion  map fo r  th e  bays and islands o f  n o rth e rn  
Madagascar. ©David Obura

\ *

W hale shark (R. typus) o f f  Nosy Sakaila. ©Jeremy Kiszka
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Potential Outstanding Universal Value

Criterion viii -  Geology and oceanography

Geology: the coastlines of the northern tip of Madagascar 
are passive continental margins, parts of Gondwana at one 
time connected to Africa on the west and India to the east. 
The western shelf edge Is bordered by an ancient sub­
merged barrier reef along Its length of 500-700 km. The 
'tslngy' rock formations, sharply eroded limestone spikes 
characteristic of Madagascar are well developed at sites on 
the west coast.

Oceanography: the tip of Madagascar may be one of the 
most Important features determining the oceanography of 
East African and Mozambique channel coasts. It forces a 
ven tu rl-llke  acceleration and vo rtlc lty  on the  South 
Equatorial Current, contributing to meso-scale variability 
expressed as fronts (Glorioso Front) and eddies In the 
northern Mozambique channel. These eddies dominate 
the oceanographic and biological processes of the chan­
nel.

Ocean-climate in terations: the upwelllng of cold deeper 
waters on the NE coast, particularly In Ambodivahibe Bay 
may protect corals there from warming temperatures, 
while the warm conditions, hlgh-turbldlty and highly vari­
able eddy conditions on the NW coast result In a complex 
mosaic of low- and hlgh-lmpact sites during coral bleach­
ing events.

Criterion ix -  Ecology, species and evolution

The site is a mosaic o f rich ecosystems: coral reefs, coral 
banks, mangroves, and seagrasses, and volcanic, karst or 
coral Islands and Islets, bays.

E vo lu tionary processes: a new synthesis proposes that 
the northern Mozambique Channel Is a museum maintain­
ing species over tens of millions of years due to Its relative 
stability compared to other parts of the WIO: the coastlines 
are some of the oldest In the Indian Ocean (180 my), the 
climate o f the region has remained stable during the 
Tertiary (67 mya to present), their structure results In little 
habitat change w ith changing sea levels, and ocean cur­
rents both bring species Into the region and maintain high 
levels of connectivity, reducing chances of extinction.

C onnectivity: as the upstream end of the core high bio­
diversity region for the WIO, this region Is critically Impor­
tant for larval supply to downstream reefs, and thus for 
recovery following disturbances and In a connected net­
work of MPAs.

Criterion x -  Habitats & conservation

Mangroves: the region contains the largest, and some of 
the  m ost Im p o rta n t m angroves In M adagascar -  
Sahamalaza Bay (10 ,000  ha), Sam blrano delta 
(10,000 ha), Ifasy delta (15,000 ha), Mahavavy north 
(1 5,000 ha).

Coral reefs: on the northeast and northwest coasts, reef 
environments are very different. The east Is bathed by 
cool clear oceanic w a te rs o f the  SEC, w ith  strong 
upwelllng. The west Is In the lee of the SEC, In the warm 
waters of the anticyclonic eddies In the NE Mozambique 
channel, and due to high rainfall, experiences hlgh-sedl- 
ment conditions for reefs. The reefs are In the northern 
Mozambique Channel center of diversity for the WIO, so 
harbour the highest diversity of corals In the region (> 
300 coral species), along w ith the northern Mozambique 
coast. The reefs also harbour 525 species of molluscs of 
w ith 11 species are restricted to the Indian Ocean and 463 
species o f fishes w ith  about 30 species confined to 
Madagascar and adjacent regions and 8 species presently 
known only from the seas of Madagascar.

Birds: the area Is a major seabird area for the western 
Indian Ocean. Important sites for several species of seag­
ulls (Sterna bengalensis, S. dougallii and S. bergii); prior­
ity Importance of karst habitat Islands for Madagascar 
fish eagle Haliaeetus vociferoides, endemic to Madagascar 
(the only species of diurnal raptor listed In critical condi­
tion (CR) In Africa (In 2008). The Mltslo Archipelago has 
significant numbers of brown booby (very rare In the WIO), 
frigate birds, brown noddles, and others.

Turtles: though data are sparse, there are many nesting 
sites for green and hawksbill turtles on the beaches of the 
Islands.

Sharks: the Mltslo Archipelago and Ramada have high 
species diversity Including, grey reef, white tip, sllvertlp, 
zebra (Stegostoma fasciatum), scalloped hammerhead (In 
particular In September and October) and tawny nurse 
sharks. Gultarflsh (Rhynchobatus djiddensis) are relatively 
common In the marine reserve of Nosy Tanlkely. Shark 
populations are severely depleted throughout the region.

D ugong: probable presence of the last populations of 
dugong In Madagascar, w ith recent sightings In the NW 
between Mahajanga and Nosy Be; fishers Indicate scat­
tered reports In Nosy Mltslo.

D olph ins and cetaceans: abundant coastal dolphins In 
near shore waters of Nosy Be, Nosy Komba, Nosy Faly 
and the main coast o f Madagascar. High diversity of 
cetaceans offshore at the shelf drop, very vulnerable to off­
shore petroleum development Impacts. Significant migra­
tory route for humpback whales on the NE coast.
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Fishing comm unity. © K e ith  Ellenbogen Rare coral (Turbinaria irregularis). ©  Keith Ellenbogen

the west coast and in Antsiranana Bay, habitat destruction 
by d redg ing , and p o llu tio n  are g ro w in g  problem s. 
Sedimentation is one o f the most serious problems, partic­
ularly for coral reefs o ff the west coast. The west coast has 
a high susceptibility to climate change as conditions are hot 
throughout the year, though water turb id ity and variability, 
and upwelling on the east coast may reduce the threat of 
climate change. Cyclones are a threat to both coastlines. In 
general, the health o f different parts o f the area is very 
patchy, w ith  sites o f high degradation interspersed w ith 
sites expressing the superlative geology, oceanography and 
biodiversity o f the area.

Management status

There are a range o f management actions already in place 
in the region w ith  several existing MPAs (Nosy Hara, Nosy 
Tanikely, Sahamalaza), future MPAs (Nosy Mitsio, Nosy 
Iranja) and regulated areas for fisheries management (e.g. 
B io logically Sensitive Shrimp Areas o f Am baro Bay), 
providing a foundation for higher levels o f protection, and 
more attention to ecosystem services provided by the 
marine environment. Both Nosy Hara and Sahamalaza- 
Radama islands National Park are Biosphere Reserves. 
Ambodivahibe is the focus o f a com m unity conservation 
and climate change protected area. Loky Bay and nearby 
Nosy Ankao are also the subject o f conservation area plan­
ning, w ith  local communities and private sector stake­
holders, w ith  prospects for lim iting fishing and seabird 
depredation.

Many sites have cultural and historical importance (Nosy 
Hara, Nosy Mitsio archipelagos) for the Sakalava tribe. 
Several islands and te rres tria l fea tu res represent a 
commemoration o f this event and are taboos (forbidden to 
access, etc.).

Geographic scale, integrity and site type

The overall extent o f the northern tip o f Madagascar is 
large, and most likely cannot be reasonably designated as 
one site. Further, many areas are already degraded. Many of 
the outstanding locations are small, and can be part o f a 
serial site covering the range o f different features discussed 
here, such as Nosy Hara, Nosy Mitsio, (and possibly Radama 
Islands), Nosy Tanikely, Ampasindava Bay and mangroves, 
Ambodivahibe, Loky Bay and Antsiranana Bay.

O ther sites in the region -  several sites on the west coast 
and south o f Cap St André (from 16°S), and across the 
northern Mozambique coast, have some similar features, 
but this region is the only one to have a complete set o f all 
the features and ecosystems, they are the richest ones, and 
include the m ost varied geological and oceanographic 
features.

Key references -  Cockcroft & Young (1 998); Daniel ef al. 1973; 
Maharavo ef al. In press; Malna and Obura (2008); Malna ef al. 
(2008); McKenna and Allen (2005); Obura ef al. (2011).
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The Comoros -  Glorieuses crescent

The Comoros Archipelago consists o f four volcanic Islands -  
Ngazldja (Grande Comore), Mohell, Anjouan and Mayotte. 
These are extended to  the east by several em ergent 
(G lorieuses, Geyser) and subm erged (Zélée, Leven, 
Cordelière) reef-banks, which are described In the next 
section on the "Iles Éparses" o f the Mozamblgue Channel.

Geologically, the Islands and banks have complex origins. 
Hypotheses Include classic plate m ovem ent over the 
Comoros hotspot over the last 15 my, versus alkaline 
basaltic magma extrusion along north -w est fractures 
remaining from  southward movem ent o f Madagascar 
relative to  the African mainland, periodically active during 
the Tertiary. The age o f the Comorlan Islands Increases 
from west to east. The form ation o f Mayotte started w ith  
submarine volcanlsm from  15 to  10 mya, then sub-aerial 
Island form ation around 8 mya. Ngazldja Is the youngest, 
form ed c. 130,000 ya by tw o  active volcanoes, Karthala 
which Is still active, and La Grille, now dorm ant and to the 
north. West o f Ngazldja, and rising to  10 m below the 
surface Is the Banc Vallheu, likely the youngest seamount 
being produced by the Comoros hotspot. The archipelago 
marks the boundary between the Mesozoic oceanic 
Somali Basin to  the north and the continental substratum 
o f the Mozamblgue Channel floor.

These Islands and banks are located In the northern-most 
section o f the Mozamblgue Channel, and likely are a 
causal feature In the form ation o f eddies and o f the 
Comoros gyre. The Glorioso Front was christened for Its 
proximity to Glorieuses Island, and may mark the transition 
from the SEC to the waters o f the channel. High levels of 
connectivity due to the eddies around the Comoros mean 
the Islands may play a key role In maintaining the genetic 
stock o f the channel, and be stepping stones/refuges 
between the Madagascar and Mozamblgue coasts. Unlike 
other parts o f the Mozamblgue Channel where water 
flows In almost any direction, the region around Mayotte, 
Glorieuse and to the east to the NW Madagascar coast may 
predominantly experience antlcyclonlc flow  driven by the 
SEC, the sheltering effect o f the tip o f Madagascar and the 
Comoros gyre. Antlcylones are warm-core eddies as the 
direction o f flow  pushes the thermocllne deeper and traps 
hotter surface water -  and this may be a primary causal 
factor o f high sea surface temperature conditions In this NE 
corner o f the Mozamblgue Channel, tha t results In higher 
levels o f thermal stress to  corals.

The Comoros-Glorieuses crescent caps th e  north  o f the  
M ozam bique channel. This sheet presents th e  Comoros 
and M ayotte, w h ile  Glorieuses and Geyser are presented 
under th e  Iles Eparses (p. 84). ©David Obura

Comoros

Jurisdiction -  the three younger Islands o f the Comoros 
are In the Republic o f Comoros.

The geologically young volcanic shores o f Ngazldja support 
coral communities and small fringing reefs, w ith  develop­
ment o f more mature fringing reef systems to the north 
and south. More complex frlnglng/bank reef systems are 
found on Anjouan and Mohell, particularly on the south 
coast o f Mohell, designated as a MPA In 2004, and at 
Blmblnl In Anjouan. Because o f the simpler reef structures, 
the diversity o f coral reefs In the Comoros Is less than at 
Mayotte, though the more complex reefs o f Mohell and 
Anjouan have not yet been studied. Banc Vallheu, rising to 
10 m below the surface Induces strong upwelllng and high 
productivity, supporting a high abundance o f sharks and 
whales.

The Comorlan Islands are best known for the largest popu­
lations o f coelacanth In the world, w ith  largest concentra­
tions on the SW coast o f Ngazldja, w ith notable numbers at 
Blmblnl, Anjouan. In total, a population size o f 500 has 
been estimated for the Comoros, which lies at the northern 
end o f the main known population o f coelacanth along the 
shores o f the Mozambique channel from KwaZulu-Natal In 
the south to southern Tanzania In the north, on the west 
side, and from Tulear In the south to  northern Madagascar 
on the east side.
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The Comoro archipelago includes a fu ll series o f geom orphologies from  the  young active volcano (le ft, Ngazidja) to  eroded 
slopes and isolated nearly-submerged peaks (m iddle, M oheli) to  submerged atolls and banks (righ t. Geyser).

©David Obura (left), ©Catherine Gabrié (middle), ©Grilhe (right)

School o f Coelecanth on the  SW coast o f Grande Comores, 

near Itzounsou. ©HansFricke

Hum pback w ha le  s igh ting  in th e  M oheli M arine Park, 

Comoros. ©Megaptera

Dugong are reported from the Comoros, w ith  the most 
im portan t sites being on M oheli, and M ltsam loull on 
Ngazldja. The Islands also host the second largest nesting 
site for green turtle nesting In the WIO, at Itsamla (Mohell). 
In common w ith  Mayotte, the Comoros are Im portant for 
humpback whales from June to November, also w ith  high 
ratios o f mother-calf pairs.

Potential Outstanding Universal Value

Criterion viii -  Geology and oceanography

Geology: as part of the Comoros-Glorieuses crescent, the Comoro 
Islands form the younger part of the Island -  bank series, combining 
hotspot and ancient fracture processes, and a boundary between basin 
features.

O ceanography: the Comoros Islands may play a key role In Inducing 
the Comoros gyre to form, and In driving variability In the antlcyclonlc 
and cyclonic gyres that travel throughout the Mozambique channel.

Criterion x  -  Habitats & conservation

Coral reefs: though very poorly known, the coral reef fauna In the 
Comoros likely covers a diverse range of habitats and morphologies, 
from the oldest proto-barrler reef formations (Anjouan, Mohell) to 
coral communities on recent lava flows and emerging seamounts 
(Ngazldja, Banc Vallheu).

Criterion ix 
evolution

Ecology, species and

Diversity: In the center of the WIO center of 
diversity; though the true diversity of shallow 
habita ts  Is no t known on M ohell and 
Anjouan.

Coelecanth: the most significant and well 
known population of coelacanth (500 Individ­
uals), and In the center of the Mozambique 
channel.

Turtles: second largest green turtle nesting 
site.

M a rin e  m am m als: Im portant humpback 
whale mother/calf nursing zone; presence of 
dugongs.
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Inner reef structures o f M ayotte, show ing the complex fo rm a tion  o f reef and sand habitats. ©David Obura

Mayotte

Jurisdiction -  Mayotte is a Département o f France.

Extensive geomorphological and biological studies o f the 
Mayotte reef system reveal a detailed history o f the Island 
and reefs. Mayotte Is formed by tw o  shield volcanoes 
surrounded by a barrier reef system. The limestone coral 
reef began to build about 1.5 mya. The lagoon floor and 
the reef became emergent during the last Glacial Maximum
26,000 years ago when sea level was 100 m lower than 
today, at which tim e meandering channels formed In the 
lagoon floor and karst systems formed In the reef wall. The 
lagoon re-flooded 11,600 years ago. The current Holocene 
reefs grow on the ancient Pleistocene reefs.

The barrier reef Is 220 km long w ith  a variable w idth 
between 800 and 1500m. It Is not continuous, and In the 
north and west Is submerged. The lagoon has an area of 
1 100 km2, the largest In the region for a high volcanic 
Island, and Is up to 12 km wide and 80 m deep. W ith in the 
SW lagoon, an Internal double barrier reef Is present In 
several segments over a length o f over 18 km, a unique 
feature In the Indian Ocean. Several other reef formations 
are present In the lagoon: pinnacles, Inner reefs, patch reefs 
and fringing reefs on the Island shores, w ith  a total length 
o f 160 km. To the north the Iris Bank extends outside the 
barrier reef, at depths o f 15-30 m.

Threats

The Comoros Is one o f the least developed countries In the 
region, and population growth Is leading to rapid Increases 
In direct pressures on the sea for resources, principally food, 
and In land-based Impacts such as pollution and sedimen­
tation. Mayotte has a higher standard o f living as It Is a 
region o f France, however higher consumption levels, land- 
based development and greater motorization o f fisheries 
result In even greater threats to the marine environment. 
Fishing on the Isolated banks (Geyser, Glorieuses) Is a 
growing threat as depletion o f fish on the main Islands 
occurs, and Increased nearshore management o f fisheries 
pushes Illegal fishers farther offshore. The Islands are also In 
the center o f highly active zone o f oil and gas exploration 
driven by the neighbouring countries, so Is highly vulner­
able to Impacts over which It has no control. The eastern 
parts o f the Comoros and Mayotte Ile In an apparently 
warmer zone In the northern Mozambique channel, raising 
the risk o f thermal stress and coral bleaching.

The prim ary  th re a t to  coe lecanths Is renew ed and 
Increasing deep benthlc fisheries, due to the need to feed 
the growing Island populations.
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Potential Outstanding Universal Value

Criterion viii -  Geology and oceanography

Geology: as part of the Comoros-Glorieuses crescent, Mayotte 
represents the most complex phase In the Island -  bank evo­
lutionary series, w ith both magmatlc and carbonate structures.

O ceanography: Mayotte and the banks may play a role In 
Inducing and stabilizing the dominant antlcyclonlc flow  of the 
NE corner of the Mozambique Channel, causing higher tem­
peratures In this zone and a particular marine climate w ith 
Implications on climate vulnerability of marine systems.

Criterion x  -  Habitats & conservation

Coral reefs: the complex reef geomorphology, combined with 
the diverse eddy currents and oceanographic conditions In the 
region, contribute to high habitat diversity. Mayotte has the 
most complex reef geomorphology of all small Islands In the 
WIO and the Mozambique Channel. Combined w ith high lev­
els of connectivity and the Importance of the channel region­
ally, It represents a critical refuge and stepping stone for 
dispersal and maintenance of reef diversity In the WIO.

Criterion ix -  Ecology, species and evolution

Diversity: In the center of the WIO center of diversity; 
unusually high species richness of many taxa for an 
Island system: > 270 species of hard corals, 750 fishes 
and 455 crustaceans. Mayotte has the maximum 
hydrold species richness known In the region (173 
species) and the Millepora family Is also more diverse.

Turtles: Green turtles, up to 5000 nesting females a 
year; hawksbllls: up to 100 nesting females a year.

Sharks and Ray: w inter abundance of manta rays 
(Manta alfredi) and scalloped hammerhead sharks 
(.Sphyrna lewini).

M arine  mammals: high diversity of marine mam­
mals; Important humpback whale mother/calf nursing 
zone; the southern part of the lagoon Is known to be 
a breeding site for Megaptera and high diversity of 
cetaceans. Dugong present In the lagoon. The banks 
(Geyser, Zélée, Iris) and eastern region of the Comoros 
may be an Important area for humpback whales dur­
ing the late austral w inter months.

Conservation

The Tanga Coelecanth Marine Park (northern Tanzania), 
designated In 2010 specifically to protect the population of 
coelacanth being affected by fishing (37 Individuals caught 
from 2003-2010) may be key to their survival, though 
further studies w ill be needed to determine Its efficacy. The 
Isolation o f this sub-population suggests tha t separate 
actions for conservation o f Mozambique Channel coela­
canth are necessary. The high degree o f mixing In the 
channel presents a classic test case o f whether to designate 
few  large or many small protected areas. The existing 
W orld  Heritage site a t ISImangallso Is south o f the 
geographic border o f the channel, though Is linked by 
currents moving southwards. However there may not be 
any return flow  o f genetic material back Into the channel, 
reducing Its role In protecting coelacanth over a broader 
geographic range. Thus key sites In northern Mozambique 
and Madagascar, the Comoros, and south Mozambique 
and Madagascar may be necessary. The Comoros Is the 
dom inant population known to date, so Is the highest 
priority for coelacanth protection.

Coral reef, seagrass and mangrove conservation Is o f strong 
Interest for local livelihoods and security, and biodiversity 
protection. The Mohell Marine Park, designated In 2001, 
protects the most complex and diverse reefs In the Comoros 
on the south coast o f Mohell, but Impacts from fishing and

terrestrial runoff w ith in the park are very high. In 2011 the 
entire EEZ o f Mayotte was designated as a Marine Protected 
Area, though zoning Is yet to be established. The Island has 
had some small no-take areas established In recent years. In 
2012 the entire EEZ o f Glorieuses was also established as a 
Marine Protected Area, excluding fisheries.

Key references -  Audru et al. (201 0); Class et al. (1998); Emerick & 
Duncan 1982; Ersts et al. (2011); Esson et al. 1970; Fricke et al.
(1 998); Maugé et al. 1982; Nougier et al. 1986; Thomassin et al. 
1989; Wickel et al. (2010).
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The Iles Eparses (Scattered Islands)

Location

The "Scattered Islands" (literal translation o f "les îles 
Éparses") stretch down the length o f the Mozambique 
Channel, between the east coast o f Africa and Madagascar. 
Glorieuses Island (11.3°S) and Geyser Bank, close to 
Mayotte, are In the north, Juan de Nova Is In the center, 
adjacent to  the Madagascar coast, and Bassa da India and 
Europa (22.4°S) are In the south.

Description

The Iles Éparses are an administrative unit rather than a 
single geological unit, w ith  the northern banks (Glorieuses 
and Geyser) likely being extensions o f the Comoros archi­
pelago, while the middle and southern Islands are distinct 
geological features. Their geological history combines 
aspects o f basaltic magma extruded through remnant frac­
ture zones In the channel floor, as well as volcanic activity 
and the production o f seamounts. In the north, Geyser and 
the Glorieuses are likely extensions o f the Comoros archi­
pelago formed by a hotspot, and Intermediate In age 
between M ayo tte  and vo lcan ic ac tiv ity  In no rthern  
Madagascar (e.g. M ontagne d'Ambre), about 10 my old.

Oceanographically, the Islands are bathed by the variable 
eddies o f the  M ozam b ique  channel w ith  resu lting  
enhanced productivity driven by the eddies and their Inter­
actions w ith  the continental slopes and Island slopes, but 
there Is strong differentiation from north to south. In the 
north, the "Glorioso Front" was christened for Its proximity 
to Glorieuses Island, and may mark the transition from the 
SEC to the waters o f the channel. Juan de Nova Is at a 
point o ff the Madagascar west coast characterized by 
significant aggregations o f marine mammals, an Indicator 
o f high productivity likely driven by Interactions between 
eddies and the shallowest sections o f the Davie Ridge. 
Europa and Bassa de India, In the center o f the southern 
Mozambique channel, experience mature eddy systems.

Glorieuses Is a coral bank 17 km long and covering 165 km2 
w ith  tw o main coral Islands, Grande Glorieuse (7 km2) and 
Lys Island (600 m long). Grande Glorieuse Is a sandy cay, 
w ith  a set o f dunes In the east and northeast tha t reach a 
maximum altitude o f 12 m. Lys Island and fossii rocks on the 
coral bank appear to be the remains o f Pleistocene coral 
growth 125,000 years old, composed o f limestone benches 
w ith  Tridacna. Geyser Is an active coral bank w ith  a small 
sandy cay. The banks are currently subsiding, thus have 
active coral and bank form ation to keep up w ith  sea level.

Juan de Nova Is a small coral Island (about 6 km2) on a 250 
km2 coral reef platform . It consists o f beachrock and sand 
dunes up to 12 m In height. The coral structures extend 12 
km north and 2 km south o f the Island. The asymmetry of 
the reef bank, linked to the tilting o f the Island results In 
different reef morphologies: In the south the Island has a 
well defined reef fla t between 0 and 3 m depth, while In 
the north It slopes down slowly to 20 m deep before drop­
ping to >2000 m to the channel bottom . On the Island, 
phosphate deposits In the form  o f guano were exploited 
from 1900 to 1968.

Bassa da India Is a subcircular atoll 12 km In diameter, w ith 
a shallow sandy lagoon and Is almost entirely submerged at 
high tide. The atoll Is currently growing and the reef slope 
Is very steep, dropping to  3000 m to  the bottom o f the 
Mozambique Channel.

Europa Is a raised atoll o f 6-7 km In diameter and 28 km2 
area, a remnant o f a Pleistocene atoll from 125,000 years 
ago. The Island Is a low sandy cay surrounded by a small 
cliff o f raised dead coral, Interrupted by sandy beaches. A 
dune fringe, to  a maximum height o f 6 to  7 m, In places Is 
up to ten meters wide. The shallow Inner lagoon, In the 
process o f filling, covers about 900 ha w ith some 700 ha of 
mangrove, communicating w ith  the sea via an under­
ground karst system and a reef spillway covered by 
seagrass.

The Iles Éparses; from  north  to  south: Glorieuses, Geyser, 
Juan de Nova, Bassas da India and Europa. ©David Obura
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Glorieuses ©Gelabert 2008

©Grilhe

©Marine Nationale

Juan de Nova ©V. Duvat Magnan Europa ©TAAF
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Jurisdiction -  the Iles Éparses are under French jurisdiction, 
and since 2007 have been part o f the French overseas terri­
tory called "French Southern and Antarctic Lands" (Terres 
australes et antarctiques françaises - TAAF), which also 
Includes the  southern  Islands o f C rozet, Kerguelen 
Archipelago, St. Paul, Amsterdam and Terre Adelle. The EEZs 
o f the Iles Éparses total 640,000 km2, and abut the EEZs of 
the neighbouring countries. The Islands are subject to claims 
from these neighbouring countries, Including Madagascar 
(Bassa da India, Europa, the Glorieuses Islands and Juan de 
Nova) and from the Comoros for the Glorieuses Islands.

Statement of Potential Outstanding 
Universal Value

The Islands cover a broad latitudinal range and section 
through the Mozambique Channel, giving them value 
together, In addition to  the Individual values o f the Islands.

Potential Outstanding Universal Value

Criterion viii -  Geology and oceanography

Geology: the Island series Illustrates a diversity of 
geomorphologlcal forms, mainly atolls and coral 
banks occupying the top of volcanic cones or peaks, 
as well as different phases of reef Island construction, 
Including growing atolls, atolls w ith filling lagoons, 
raised reefs, and karstlc formations such as pinnacles.

O ceanography: the oceanography of the Mozam­
bique Channel Is highly complex and the placement 
of the Iles Éparses along the length of the channel 
results In variable hydrographic forcing factors on the 
Islands and marine communities, such as the Glorioso 
Front, located NW o f Glorieuses and marking the 
northern boundary of the Mozambique Channel.

Criterion ix -  Ecology, species and evolution

Biogeography: the Scattered Islands are located at 
the western border of the West Indo-Paclflc Realm, 
cover a range of latitudes from the center of the high 
diversity core region of the northern Mozambique 
channel to the southern part of the channel, have 
small habitat size which promotes speclatlon and 
extinction events and thus the generation and pres­
ence of endemic species.

M ig ra to ry  species: the Iles Éparses are Important 
places for migratory species such as turtles, marine 
mammals, sharks, and seabirds, w ith both breeding 
and foraging zones o f significance, and seasonal 
migrations determined by local and regional scale 
phenology.

The extensive Halimeda facies, well represented In 
Glorieuses and Juan de Nova are unique In the con­
text of the Indian Ocean Islands, reflecting high pro­
ductivity In surrounding waters.

Criterion x  -  Habitats & conservation

Connectiv ity: In the context of ecological resilience and the 
health of ecosystems In the Mozambique Channel, the high 
connectivity across the channel suggests the Iles Éparses can be 
Important reservoirs for reproduction and seeding of larvae to 
the more heavily utilized and Impacted Comoro, Mozambique 
and Madagascar coastlines.

Green tu rtles: show strong genetic differentiation Into two 
populations, one In the north, the other In the southern and 
central Mozambique Channel. This may reflect the currents In 
the channel, that Influence the dispersal of juveniles and sep­
arate sub-stocks for multiple species groups.

-  Europa: the breeding stock of green turtles Is between 8,000 
and 15,000 females, the third largest atoll nesting site for 
green turtles In the world and the largest In the Indian Ocean; 
blacktlp reef sharks (Carcharhinus melanopterus), lemon 
sharks (Negaprion acutidens), shoollng hammerhead sharks 
(Sphyrna mokarran); eight breeding seabird species Including 
an endem ic subspecies o f the w h ite -ta ile d  Troplcblrd 
(,Phaethon lepturus europae), the most diverse seabird fauna 
of the Scattered Islands, and the richest In the WIO; unique 
mangrove system (700 ha) In Its lagoon.

-  Juan de Nova: Important nesting site for hawksblll turtles; 
nursery areas for grey reef sharks; largest population of sooty 
terns In the Indian Ocean and one of the largest In the world 
w ith > 2 million breeding pairs; presence of coconut crab 
Birgus latro.

-  Glorieuses: second largest population of sooty terns, w ith
760,000 breeding pairs; presence o f coconut crab Birgus 
latro.

-  Bassa da India: aggregations of juvenile sharks Carcharhinus 
galapagensis.

-  Zélée Bank: potentially a nursery ground for grey reef sharks 
(C. amblyrhynchos).

M arine  mammals: humpback whales are present during the 
southern w inter to breed and give birth.
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The remote Iles Éparses are among the last refuges for many sharks, including thesilvertip shark (left) and tawny shark (right).
©Jeremy Kiszka

Threats

The Iles Éparses are at not far from populated Islands and 
the continental coastline, making them vulnerable to 
exploitation. Fisheries In the coastal waters surrounding the 
Islands Is banned but does occur by commercial boats, as 
well as recreational and small-scale targeting o f reef fish, by 
fishers from e.g. Mayotte or South Africa, depending on 
the Island. Moderate shipping traffic passes through the 
Mozamblgue channel, thus there Is a pollution risk from 
tankers. Two petroleum exploration permits wlhln the EEZs 
o f the Iles Éparses were approved In December 2008, and 
exploration In the EEZs o f neighbouring countries may have 
spillover Impacts In the Islands. As w ith  other sites, climate 
change Is a significant threat, w ith the added uncertainty o f 
how changing water temperatures and currents w ill affect 
the dynamic eddies In the Mozamblgue Channel tha t Influ­
ence these Islands In areas such as connectivity, primary 
productivity, prey populations fo r higher order predators, 
and fishing stock dynamics.

Management status

Europa, Bassa da India, and Glorieuses were declared 
Nature Reserves In 1975 (arrêté préfectoral de 1975), and 
there Is a permanent presence on the Islands, for military 
and/or civil (meteorology) purposes. As a result, access to 
the Islands Is strictly and effectively controlled, w ith  permits 
only being given for research. In support o f this, a Scientific 
Committee o f the Scattered Islands (CSIE) has been estab­
lished, as an advisory body to the administration. In 2012, 
the EEZ o f Glorieuses was declared a MPA, and steps are 
underway to  declare Europa as a national natural reserve. 
Europa was designated a Ramsar site In 2011.

Geographic scale and site integrity

W hile the Individual Islands are all small, as a group they 
cover a large geographic range across the whole o f the 
Mozamblgue Channel. This property gives them a natural 
Identity as a serial site. The Integrity o f the serial/island 
group Is very high as the Islands are uninhabited and 
human pressure very low. All studies show tha t marine 
habitats are In good health despite recent climate change 
Impacts, and the composition o f the trophic chain, w ith 
abundance o f top predators Is a sign o f good health. 
Nevertheless, each Island has a distinctive character, and 
provided the productivity and dynamics o f open sea areas 
tha t are critical for feeding and m igration remain In good 
condition, each Island has a high Integrity.

O ther sites in the region -  the Islands are unlgue In the 
region.

Key references -  Battistini (1996); Belkin Cornlllon (2007); Caceres 
(2003); Chabanet & Durvllle (2005);
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Bazaruto -  Tofo, Inhambane

Location

The site is located In Inhambane Province In the southern 
part o f Mozambique, stretching from the Bazaruto archi­
pelago In the north, to  the Tofo peninsula In the south.

Description

The dominant ocean currents show a clear Influence on the 
coastal morphology, the north-trending headlands a result 
o f northward transport o f sediment poured Into the sea by 
rivers, to form headlands (Tofo, Cabo Sao Sebastlao) and 
the string o f Islands form ing the Bazaruto archipelago. 
W hile  the  dom inan t f lo w  o f w a te r In the  southern 
Mozambique channel Is southwards, Inshore processes 
result In northward flow.

The Bazaruto barrier Island archipelago comprises a chain 
o f five Islands extending -7 0  km north o f the mainland 
peninsula o f Cabo Sao Sebastlao, and up to 20 km o ff the 
coast. The Islands are separated by tidal Inlets linking the 
10-26 km w ide back barrier lagoon w ith  the Indian Ocean. 
The largest Island Is Bazaruto (12,000 ha), followed by 
Benguérua (2,500 ha), Magaruque (600 ha), Santa Carolina 
(500 ha, previously called Paradise Island) and the minus­
cule Bangué (5 ha). The archipelago was form ed from the 
present Cabo Sebastláo Peninsula about 7000 years ago, 
form ing the Bazaruto-Sao Sebastlo complex o f very high 
sand dunes and coastal barrier lakes found only In southern 
Mozambique In the Parabolic Dune subregion.

Bazaruto has a wide range o f terrestrial and marine habitats 
Including coastal sand dunes, rocky and sandy shores, coral 
reefs, mangrove forests and seagrass meadows. These habi­
tats provide refuge for a great variety o f plant and animal 
species. Over 180 species o f birds, 45 species o f reptiles, the 
dugong, four turtle species, five dolphin species, three 
whale species, four shark species and 2000 species o f fish 
have been recorded here. Bazaruto also has the largest and 
possibly last v iable dugong popu la tion  In the  WIO, 
dependent on the abundant seagrass meadows between 
the Islands and the coast. The area has populations o f six 
species o f bird that exceed 1 % o f the global population for 
the species. It Is also known for Its complex o f coral commu­
nities w ith six endemic gastropod mollusc species.

Jurisdiction -  Mozambique

Locator map. ©David Obura

Dugong photographed from  boat, Bazaruto.
©Almeida Gulssamulo

The dunes o f Tofo and Bazaruto Island are among the best 
developed along th e  East AFrlcan coast.

©Erik Cleves Kristensen



Potential marine sites of Outstanding Universal Value

W hale shark feeding on surface p lankton, attracted by th e  high productiv ity  created by eddies and th e ir  complex interac­
tions w ith  the  continenta l shelf. ©David Obura

Potential Outstanding Universal Value

Criterion viii -  Geology and oceanography

Geology: the coastline has some of the largest parabolic 
sand dunes on the coast, in Bazaruto form ing a unlgue 
mosaic w ith coastal lakes, coral reefs and seagrass beds that 
support a unigue combination of terrestrial and marine fauna.

Oceanography: the region receives variable eddies from the 
north in the Mozamblgue Channel, and from the south from 
the East Madagascar Current-Agulhas Current region, result­
ing in high mixing and productivity attracting large aggrega­
tions of megafauna.

Criterion x  -  Habitats & conservation

Parabolic dunes and coastal lakes: these are of global 
importance and critical to the Bazaruto Archipelago's diver­
sity and ecological wealth.

Coral reefs: there are three main coral reef types: submerged 
sandstone reefs, submerged fringing reefs and patch reefs. 
There are also some sedimented rocky shelves and isolated 
rocky massifs. The over 30 species of soft corals (Alcyonacea) 
and 70 species of hard corals (Scleractinia) represent a tran­
sition between northern and southern regions.

Seagrasses: a critical habitat in the archipelago, supporting 
the large turtle and dugong populations.

M angroves and salinas (salt marshes): three of the five 
islands (Bazaruto, Benguérua and Santa Carolina) support 
mangrove communities and Salinas.

Criterion ix -  Ecology, species and evolution

Ecology: wide range of ecosystems from terrestrial 
and marine habitats Including coastal sand dunes, rocky 
and sandy shores, mangrove forests, seagrass beds, 
coral reefs and open ocean.

D iversity: there are over 2000 species of fish, over 
500 species of mollusks.

Dugong: the most significant and well known popu­
lation of dugong (300 -  350 individuals) In the WIO, 
w ith possibly the last remaining viable population in the 
region.

T u rtle s : five species known to  nest and feed in 
Bazaruto, including the green, hawksblll, loggerhead, 
olive ridley and leatherback.

Birds: more than 180 species have been recorded in the 
Archipelago and 6 species exceed 1% of the global 
population for the species.

Sharks and Rays: major manta ray (M. alfredi) aggre­
gations estimates range from 1 50 to 450 individuals In 
Bazaruto and the largest aggregation of 800 Individu­
als at Tofo.

W h a le  sharks: Tofo represents one of the largest 
aggregations of whalesharks in the WIO.

Hum pback whales: new discoveries suggest Bazaruto 
may have one of the largest wintering populations of 
humback whales.
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Threats

The continental shelf o ff Mozambique holds considerable 
mineral resources such as oil, gas and heavy metals, posing 
significant threats to biodiversity when extraction occurs. 
O verexp lo ita tion  occurs o f many m arine resources, 
Including fish, holothurlans, and molluscs, as well as sea 
turtles, dugongs, sharks and birds eggs. A  significant net 
fishery Is based on the mainland coastline, targeting the 
extensive shallow waters tha t also host the main seagrass 
beds and dugong habitat. Of particular concern Is tha t a 
large proportion o f the dugong population occurs outside 
o f protected areas, where they face a high risk o f net 
entanglement. Habitat destruction, particularly o f seagrass 
beds Is a huge concern for the dugong population. Tourism 
developments, If not well managed could be a serious 
threat to  the ecosystems and habitats, particularly the 
sensitive sand dune and Salinas terrestrial habitats. Natural 
events such as storms and cyclones, and climate change, 
have also had negative Impacts on habitats.

Management status

Bazaruto Archipelago was first formally gazetted as a MPA 
In 1971, by the colonial government, w ith the aim of 
protecting species o f high conservation value, such as 
dugongs, dolphins, and sea turtles. The three southern 
Islands o f Bangué, M agaruque and Benguérua were 
proclaimed National Parks, Including waters to 100 m deep 
east o f the Islands and 5 km to the west. Bazaruto and 
Santa Carolina Islands were defined as areas designated for 
"special m onitoring activities" (Zonas de Vlgllâncla). In 
2001, a much larger Bazaruto Archipelago National Park 
was proclaimed, Including more extensive marine areas 
and adjusting the boundaries to Include all the Islands to 
promote an Integrated management approach. Two years 
later, the Cabo de Sao Sebastlao peninsula was given statu­
tory protection that now protects the natural resources of 
the nearby peninsula and adjacent waters.

Around Tofo, efforts are underway to establish protected 
areas follow ing participatory models, Involving the dive and 
local tourism Industry and local authorities, to protect the 
charismatic species and habitats tha t sustain the local 
economy.

Geographic scale, integrity and site type

Both the Bazaruto Archipelago and Tofo are distinct head­
lands, the former w ith a string o f Islands, defined by the 
Interactions between the land and ocean currents. As such, 
they are each well defined units, though separated by 200 
km o f open coastline. They m ight exist as distinct sites, or a 
serial site.

O ther sites in the region -  there Is no similar headland/ 
archipelago systems In the region, nor w ith  a similar 
complement o f fauna such as dugong or whale sharks and 
manta rays.

Dugong are particu la rly  vu lnerab le  to  capture In nets. 

This juven ile  dugong was released alive from  a net In the  
Kiunga M alrne Reserve, Kenya.

©WWF Kiunga Marine Reserve Project
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Southern Madagascar the 'deep south'

Location

The zone o f interest is from Lokaro/Ste Luce (old name, Fort 
Dauphin, in the east) to  Androaka (in the west). The conti­
nental shelf Is very narrow between the Llnta and Mangoky 
deltas and falls steeply down the continental slope.

Description

The shallow marine habitats o f the coast are mainly rocky 
and experience very rough conditions exposed to  the 
south. There is minor coral reef development at the east 
(Lokaro, Ste Luce) and the west (Androka, banc de l'Étoile) 
extremities. Coastal habitats are varied, w ith  distinctive 
coastal dune formations, such as at the Mangoky delta. The 
coastal dune systems were formed during the Quarternary, 
w ith  a w idth o f up to 30 km. In places, the dunes are 
carved into cliffs up to  150 m high.

Extending south from Madagascar, an extensive under­
water plateau or ridge varies from about 1000 to 2500 m 
deep, for a distance o f nearly 1000 km. A t Its southern end 
It forms a shallow platform tha t reaches to 100 m below 
the surface. The platform was formed by basaltic extrusion 
from  the M arion ho tspot during the Cretaceous, as 
Antarctica and Madagascar moved apart. The region expe­
riences com plex oceanography caused by the strong 
boundary  cu rre n t o f the  East M adagascar C u rren t 
Impinging on the undersea Plateau, resulting in strong 
coastal and offshore upwelling, eddies and turbulence. 
These cause a large phytoplankton bloom in the austral 
summer tha t fertilizes waters downstream and into the 
southern Mozambigue Channel. Eddies generated over the 
plateau may progress into the Mozambigue channel, inter­
acting w ith  those o f the channel and potentially move 
north up the west coast o f Madagascar.

The plateau extends southwards into temperature waters 
and ecoregions, resulting in mixed tropical and subtropical 
species and habitats. Even on land and in shallow waters, 
this region is poorly documented. A  recent expedition 
'A tim o Vatae', focused on the algae and invertebrates of 
the shallow and upper-slope marine fauna, has already 
shown preliminary results reporting kelp beds and over 500 
species o f algae, richer than the tropical algal flora of 
Mozambigue. By contrast, diversity o f animal species is 
lower than in tropical areas, but w ith  extremely high levels 
o f endemism and shared species w ith  subtropical South 
Africa. Ascidians are among the first groups analysed, 
revealing 20%  new species, 26%  shared w ith  S. Africa, 
and 31%  shared w ith  tropical areas. Other groups w ith 
preliminary numbers include molluscs (1200-1500 species), 
decapod crustaceans (766 species) and fish (253 species).

Madagascar's deep south, extend ing  over pa rt o f  th e  
Madagascar plateau to  about 2000 m depth.

©David Obura

MADAGASCAR

Complex currents affected by the submarine plateau result 
in eddies and upw elling . To the  west, the  shallow  cur­

rents feed in to  th e  M ozam b ique  channel and to  th e  
Agulhas Current in South Africa. ©dIMarco et al 2000

Offshore, the undersea Plateau, because o f its upwelling 
and productivity, provides critical feeding grounds for 
multiple marine species, including seabirds, large fish and 
marine mammals. The red-tailed tropicbird and Barau's
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Typical landscapes o f th e  deep south include sandy bays (le ft) backed by large dunes and rocky shores pounded by ocean 
swell from  the  Southern Ocean (right). © B ru n o  de Reviers/M N H N -P N I

petrel (endemic to and nesting on Reunion) feed on the 
plateau, Indicative o f a high number o f species tha t also do 
this. Blue, sperm and humpack whales aggregate in these 
waters due to its raised productivity, w ith  estimated popu­
lation sizes o f about 450 individuals for pygmy blue whales.

Humpback whales also use the SW and SE coasts (near 
Toliara and Lokaro, respectively) as breeding grounds, and 
for nursing by mothers and calves.

Jurisdiction -  Madagascar.

Potential Outstanding Universal Value

Criterion viii -  Geology and oceanography

Geology: the Madagascar Plateau Is a product of Cretaceous 
hotspot activity as Madagascar moved north away from the 
Marlon hotspot.

O ceanography: Interaction of the plateau w ith the strong 
western boundary current, the East Madagascar Current 
results In high turbulence, upwelling and productivity.

Criterion x  -  Habitats & conservation

Large coastal dunes, lagoons and coastal ponds, forming 
unique coastal habitats and wetlands.

Shallow benthlc communities dominated by hard substrate 
communities, w ith small Isolated coral reefs at the extremities.

The highly productive waters of Madagascar's 'Deep South' 
are critical feeding grounds for the highly migratory species 
of the region, Including seabirds and cetaceans.

Criterion ix -  Ecology, species and evolution

Because of Its southerly location, this Is a transition 
zone (ecotone) In the Indian Ocean between the trop­
ical waters and the temperate waters, at the cross­
roads of the fauna o f South Africa and tha t of the 
Indo-Paclflc, w ith an African affinity as one approaches 
the Mozambique Channel.

Very specific communities adapted to local conditions 
-  high energy, upwelllngs, cooler waters.

High levels of endemism have been found, 25% for 
mollusks, w ith many new species likely to be described 
In coming years.

Leatherback, loggerhead and green turtles are found In 
the region, one of the few  locations Important for 
leatherbacks In the WIO
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Threats

The area is highly remote, w ith  little development on land. 
Thus offshore fisheries by commercial fleets, targeting fish 
tha t feed on the high productivity o ff the plateau w ill likely 
develop as other fishing grounds become depleted.

Management status

There is currently no management structure for the overall 
area, though one coastal site, Faux Cap is a Ramsar site.

Geographic scale and integrity issues

This is a large and remote region, w ith very rough and inac­
cessible coastlines. It w ill provide significant challenges to 
management, though at the same time, these help protect 
it from impacts, and confer its values.

The Madagascar plateau extends southwards fo r 1,000 km 
into the High Seas. For initial consideration, lim iting a site 
to the EEZ, 200 nm from the coastline, to  encompass the 
main nearshore components o f the system, is advisable. 
The High Seas com ponent o f the plateau may be suitable 
for consideration under the EBSA process (Ecologically and 
Biologially Sensitive Areas). Two hundred km north o f the 
point where the western edge o f Madagascar Plateau, a 
submarine canyon leading into the Bay o f St. Augustin (at 
Toliara) results in high diversity o f cetaceans due to  acces­
sibility o f deep water, offshore species. The canyon is also 
an im portan t site fo r coelacanths. These may jus tify  
extending the boundary o f this site to include the Bay o f St 
Augustine

Site type -  may be considered as a single entire site, or 
potentially a serial site o f the key locations for each o f the 
primary attributes o f OUV.

O ther sites in the region -  this is a unique site in the 
Western Indian Ocean.

Endemic species o f Madagascar's 'deep south ' include the 
snail Lyria patbaili (above) and a like ly new  species o f 
crab in th e  fam ily  Hymenosomatidae (below).

© B o b  A b e la /M N H N -P N I (top ), © T ln-Y am  Chan /  MNHN-PNI (below )
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Saya de Malha bank, Mascarene Plateau

Location

The Mascarene Plateau includes the products o f the 
Mascarene-Reunion hotspot in the WIO, thus extends from 
the island o f Reunion in the south to Saya de Malha in the 
north. Loosely, it can also be extended northwards to 
include the Ritchie Plateau and North Seychelles Banks, 
which are continental fragm ents le ft behind as India 
migrated northwards. The Saya de Malha bank, located 
between 8°30 - 12° S and 59°30 - 62.30° E, is the largest 
o f the banks on the plateau, w ith  an area o f approximately
40,000 km2.

Description

The basement rock o f the bank was form ed by the 
Mascarene-Reunion hotspot about 40-45 mya, as part of 
the island-arc series tha t started w ith  the Deccan Traps in 
India (64-67 mya) is still active form ing the island o f 
Reunion (2 mya to  present). The Cretaceous-Tertiary (K-T) 
extinction event associated w ith  the superplume event 
tha t started activity o f the Mascarene-Reunion hotspot 
drove approximately 30%  o f marine genera to extinction, 
along w ith  the dinosaurs, opening evolutionary space and 
potentially a unique evolutionary history for marine species 
in the Western Indian Ocean.

The S. de Malha Bank is now capped by carbonate deposits 
due to sedimentation o f carbonate-forming plankton along 
w ith  shallow carbonate reef growth where possible. An oil 
drilling core taken at the northwest corner o f the main 
bank found carbonate rock to a depth o f over 2400 m, of 
which the top 1250 m were described as 'reef carbonates'. 
The volcanic rock may have been exposed as a large island 
up to 300 km across its longest diameter, from the time o f 
its form ation and for several 10s o f millions o f years subse­
quently. A  classic example o f island subduction and sinking 
and coral reef and carbonate platform growth over time, as 
first theorized by Charles Darwin, the Saya de Malha bank 
is now  a submerged carbonate plateau. The bank is 
described as being flat, but considerable depth variation 
occurs across its top, w ith  the shallowest being a crest less 
then 75 m deep to  the north and east, w ith  patches west 
o f this and at the northwest side, and depressions down to 
300-400 m depth in the center o f the bank. The entire 
bank is clearly differentiated at the 500 m contour from the 
deep ocean surrounding it. W ith  no exposed island mass, 
the waters over the bank are a globally unique mid-ocean 
shallow sea.

The Mascarane Plateau, stretching from  the  N. Seychelles 
Bank In th e  north  to  St. Brandons Island In th e  south 

(w ith  the  Isolated Mascarene Islands shown to  the  south). 
The S. de M alha bank Is th e  eastern po in t o f th e  arc, and 
the  largest bank. ©David Obura

The Mascarene plateau, colour-coded by depth: red and 

ye llow  show areas shallower than 125 m, green to  500 m, 
and blue to  4000 m. © e to p o
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The Saya de Malha bank may host the  largest seagrass 

beds In th e  w orld , on Its shallow  east and northern  rims.
©Cheryl-Samantha Owen/vwm.samowenphotography.com

The smaller northern bank, the Ritchie plateau, Is separated 
from the main bank by a transform fault, and Is part o f the 
granitic continental rocks o f the Seychelles bank and the 
ridge extending between them In a NW-SE direction. South 
o f the Saya de Malha bank, the Nazareth and Cargados 
Carajos banks are o f similar construction, but younger, and 
only St. Brandon's Island, at the southern end o f the 
Cargados Carajos bank, has any aerially exposed landmass.

The Saya de Malha bank sits In the path o f the South 
Eguatorlal Current (SEC), tha t dominates the oceanography 
o f the WIO, and together w ith  Its sister plateau to  the 
south, the younger Nazareth bank, concentrates flow  of 
the  SEC In to  a n a rro w  passage be tw een them  at 
12.5-13°S. The bank thus has a major Influence on the 
oceanography o f the WIO and regions to  the west. Only a 
small proportion o f the SEC passes north o f the bank as a 
slow, broad current, and Island wakes and eddies In the lee 
o f the bank may result In higher oceanic productivity due to 
mixing and upwelling. The Influence o f these features on 
the connectivity o f the marine fauna o f the bank and 
plateau system, w ith  o th e r co ra lline  Islands In the 
Seychelles, and fo r the WIO In general, Is presently 
unknown.

Current knowledge holds tha t the bank supports the 
largest contiguous seagrass beds In the w o rld , w ith  
80 -90  % o f shallow surfaces being covered by seagrasses 
dom ina ted  a lm ost exclusive ly by Thalassondendron  
ciliatum, from depths up to  30 -40  m, w ith  additional 
records o f Halophila decipiens and Enhalus acoroides. Coral 
reefs appear limited to  rocky patches and outcrops, and 
likely to the edges o f the bank.

Enhanced oceanic productivity caused by Interaction o f the 
banks w ith  the South Eguatorlal Current Is likely Important 
for ocean food webs, and as Indicated by seabirds using 
the Seychelles Basin (shown for wedge-tailed shearwaters 
and white-tailed troplcblrds), and for the pygmy blue whale 
(.Balaenoptera musculus brevicauda) as a feeding and 
breeding ground.

■

The rem ote banks may be among th e  last refuges fo r  

Napoleon wrasse (Cheilinus unduláis). This species Is hlghy 
vulnerable to  fishing, and was listed as Engangered on the 
IUCN Red List, In 2010. ©Melita Samollys

Jurisdiction -  historically considered to be beyond national 
jurisdiction, the Mascarene Plateau was the subject o f a 
successful jo in t application by the governments o f the 
Seychelles and M auritius, under the United Nations 
Convention on the Law o f the Sea (UNCLOS) Commission 
on the Limits o f the Continental Shelf, to extend their Outer 
Continental Shelf. Hence, the seabed Is jo intly managed by 
Mauritius and the Seychelles, w h ile the water column 
remains In the high seas.1 Approved In 2010, this gives the 
governm ents the  o p p o rtu n ity  to  exp lo it the marine 
resources In an additional maritime zone o f 396,000 km2 
on the Mascarene Plateau.

The Saya de Malha bank has been Identified as globally 
Im portant In tw o  Independent processes:

a. The technical process In support o f the Convention on 
Biological Diversity used the bank as an Illustration o f a 
likely Ecologically or Biologically Significant Area (EBSA), 
satisfying four o f the seven criteria: 1. Unlgueness or rarity; 
2. Special Importance for life history stages o f species; _3. 
Im portance fo r threatened, endangered or declin ing 
species and/or habitats; and 5. Biological productivity. A 
CBD Indian Ocean regional workshop to formally describe 
EBSAs w ill further this w ork In August 2012.

b. A  separate analysis by WWF, as part o f the Western 
Indian Ocean Marine Ecoreglon (WIOMER) and 'Réseau des 
Aires Marines Protégés' pro ject o f the Indian Ocean 
Commission (RAMP-COI) scored Saya de Malha as high for 
the o the r 3 EBSA crite ria : 4. V ulnerability , Fragility, 
Sensitivity, or Slow recovery; 6. Biological diversity; and 7. 
Naturalness; and has selected It as a priority seascape of 
global significance for Its ecoreglonal conservation strategy.

1. This is not as unusual as it sounds. Several seabed areas of the world ocean 
fall under national control with the overlying waters being high seas. 
Seamounts and a hydrothermal vent in the Northeast Atlantic on the 
Portuguese continental shelf have been protected as part of the OSPAR 
marine protected area network.
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Potential Outstanding Universal Values

Criterion viii -  Geology and oceanography

The Mascarene Plateau presents a superlative example o f 
hotspot/spreading ridge Interactions and mid-ocean example of 
Island subsidence and carbonate reef and bank formation.

The Saya de Malha Bank Is the largest bank of Its type In the Indian 
Ocean.

Ocean-platform Interactions result In raised productivity on and 
downstream of the banks.

Criterion ix -  Ecology, species and evolution

The Mascarene Plateau Is part of the earth and climate processes 
that played a role In the K-T extinction (superplume event) and 
cenozolc evolutionary mechanisms In the WIO.

Criterion x  -  Habitats & conservation

The S. de Malha Bank supports the largest sea­
grass beds In the world, and It and the other 
banks form a large contiguous and unexplolted 
shallow marine habitat that supports produc­
tion In the surrounding ocean.

Breeding grounds fo r the pygmy blue whale 
Balaenoptera musculus brevicauda.

Threats

The remoteness o f the bank has protected It from threats, 
much as It has prevented much research and data collec­
tion . Nevertheless, vessels from  d ls tan t-w ate r fishing 
nations (DWFN) operate In the Indian Ocean and and 
Mauritian vessels target the bank and adjacent ones. 
Prospecting for seabed metals and oil and gas mining have 
returned weak results, so the threat from them Is currently 
considered low. Climate change Is a significant threat for 
the carbonate-dominated food webs o f the shallow banks.

Management

Future management o f the S. de Malha bank will depend 
on jo in t arrangements by the Seychelles and Mauritius, and 
national priorities such as In fisheries. Management, surveil­
lance and enforcement o f a distant marine zone w ith  no 
emergent land to host a management base will be chal­
lenging, but Increasingly possible w ith the advent o f remote 
sensing surveillance technologies, and existing operational­
ization o f them In, for example, fisheries management and 
vessel surveillance. National legislation to enable manage­
ment o f this type o f distant marine site would be necessary. 
WWF Is proposing fo r discussion w ith  M auritius and 
Seychelles to carry ou t a "feasibility study" to (I) analyse the 
existing International and regional conventions and conser­
vation and management tools tha t provide guidance for 
appropria te  legal regime, conservation and fisheries 
management measures and type o f governance for the Saya 
de Malha Banks, and (¡I) propose a statement o f strategy 
and action plan for the short, medium and long-term.

Geographic scale and integrity issues

The S. de Malha bank Is the largest single bank In the 
Indian Ocean, larger than the Great Chagos Bank. There Is 
no human habitation on or near the bank as there Is no 
emergent land. Thus the ecological Integrity o f the bank Is 
very high, and a nomination tha t Includes the whole bank 
w ill m ee t th e  h ig h e s t level o f In te g r ity  possib le . 
Nomination o f a portion o f the bank would result In 
slightly lower Integrity o f the nomination site, but the lack 
o f current threats, and successful management planning In 
the future, would ensure high enough Integrity fo r sustain­
ability o f a site.

Site type -  as presented here, the Saya de Malha bank 
could either be considered as a transboundary single site 
nomination, jo in tly by the governments o f the Seychelles 
and Mauritius. Alternatively, If only part(s) o f the bank 
Is(are) selected, single-country nom inations w ou ld  be 
possible. W ith  different geological origins, sites on the 
south bank and north/Rltchle bank could be selected. 
Further, the EEZ extension application by the Seychelles and 
Mauritius applies to the seabed, while the water column Is 
an ABNJ, and In the High Seas.

O ther sites in the region -  the Mascarene Plateau Is a 
unlgue geological feature globally.
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Lamu-Kiunga Archipelago

Location

The site is located at the northern extreme o f the Kenya 
coast, against the border w ith  Somalia. The Kiunga archi­
pelago Is some 60 km long, part o f the string o f Islands that 
starts at Lamu Island, about 50 km to the south. The Islands 
shelter an extensive system o f creeks, channels and 
mangrove forests. The Islands are fully enclosed w ith in a 
protected areas, the Kiunga Marine National Reserve 
(KMNR) and adjacent to the Dodorl and Boni National 
reserves on land. The marine ecosystem Incorporates a 
chain o f about 50 calcareous offshore Islands and coral reefs.

Description

The area Is In the Northern Monsoon Current Coast ecore- 
glon, w ith  closer ties to the Somali coast and northern loca­
tions, than to the East African Coastal Current (EACC) to 
the south. It experiences seasonal reversal In the flow  o f the 
tw o  currents w ith  the monsoon seasons. This affects the

A typ ica l tlda lly-dom lna ted  channel between the  Islands o f the  Kiunga archipelago and the  m ainland © Julie  Church

Map show ing the  Kiunga M arine Reserve (blue polygon) 
and Pate and Lamu Islands to  the  southwest. The extent 
o f mangrove (green) and coral reef (pale orange) Is shown.

© D avid  Obura
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oceanography o f the area, which is characterised by 
upwellings o f cooler, nutrient rich waters. The upwelling 
results In a highly productive marine ecosystem w ith  rich 
populations o f fish, crustaceans and molluscs, and high 
abundance o f m igratory species such as seabirds and 
turtles. Marine habitats Include extensive seagrass beds and 
patchy coral reefs. The Intertidal environment o f the creeks 
and basins o f the region holds 60%  o f Kenya's mangrove 
forests, some 345 km2 In the greater Lamu area, o f which 
the KMNR hosts about 40% .

The terrestrial environment Is a mixture o f coral rag and 
sand beaches, backed by coastal scrub and forest. The 
beaches provide nesting sites for numerous bird species and 
three species o f marine turtle, while w ild life  from the adja­
cent Dodorl Game Reserve fregu en t the dunes and 
beaches, Including African W ild dogs, buffalo and lions.

The KMNR area Is renowned for Its aesthetic beauty, hardy 
yet unlgue ecological conditions, species diversity, turtles 
and occasional sightings o f dugong, whale and sharks. It Is 
also the home to over 12,000 Bajun people w ho live 
adajacent to  and w ith in  the protected area. Their liveli­
hoods (fishing -  lobster, gili, purse seining, crab - mangrove 
harvesting, trade) are and have traditionally been sustained 
by the waters In the KMNR.

Jurisdiction -  Kenya.

Threats

The region Is remote, so less exposed to  fishing and other 
direct uses, though this Is changing as waters closer to 
major markets become depleted. Fisheries In the KMNR 
and even farther north In Somalia are facilitated by boats 
and container trucks bearing lee, to buy fish and seafood 
cheaply locally, and transport It to  markets In Kenya and as 
far afield as Singapore for lobsters. The challenges o f regu­
lation and management o f fisheries In this remote region 
result In heavy use o f Illegal and destructive gears, and no 
consideration for sustainability. Mangrove poles have been 
harvested for over a century In the area. Climate change 
has Impacted reefs and mangroves o f the area, w ith  over 
90%  coral bleaching and mortality recorded In 1998, and 
dle-back o f mangrove areas due to excessive fresh-water 
Inflow. Because o f the area's remoteness, recruitment o f 
corals Is limited, retarding recovery.

Emerging threats to the region Include that o f Insecurity 
due to proximity to Somalia, w ith  growing threat o f piracy 
In the last few  years. This hampers development and 
management. In addition a large port development Is 
being planned In Magogonl Creek between Manda and 
Pate Islands and the mainland. Weak regulatory fram e­
works have resulted In significant conflict and uncertainty 
about the scale o f the development, Its potential Impacts 
and how  the local env lrlonm ent and people w ill be

Potential Outstanding Universal Value

Criterion viii -  Geology and oceanography

Oceanography: the area Is greatly Influenced by reversals between 
the Somali and EAC currents during the tw o monsoon seasons, 
characterised by Influence of upwelled cool, nutrient rich waters 
resulting In a highly productive marine ecosystem with a high degree 
of endemism.

Criterion ix -  Ecology, species and 
evolution

Ecology: wide range of ecosystems from terres­
trial and marine habitats Including coastal sand 
dunes, rocky and sandy shores, m angrove 
forests, seagrass beds, coral reefs and open 
ocean.

Turtles: three species are known to nest and 
feed In the area (green, hawksblll, Olive Ridley) 
whilst the leatherback has been sighted offshore.

Birds: key nesting site for 10,000 breeding pairs 
o f roseate terns.

Dugong: a dugong refuge though numbers are 
unknown.

Whales: humpback, sei, sperm and pilot whales 
known to breed and feed In the offshore waters.

Criterion x  -  Habitats & conservation

M angrove  forests: the overall area has the largest mangrove 
forests In Kenya (345 km2) w ith 40% of this being In the KMNR. The 
area hosts all nine species of mangroves found In the WIO.

Coral reefs: there are approximately 180 species of corals, w ith a 
mix of East African and Gulf of Aden species adapted to the colder 
upwelling conditions.

C onnectivity: the area has mixed species assemblages comprising 
East African and Gulf of Aden species, representing a key locus of 
genetic Interaction and blogeographlc changes.

Cultural W orld Heritage -  criteria ii, iv and vi

Lamu Island Itself Is designated as a Cultural World Heritage Site, for Its historical and cultural significance In the Swahili 
and Islamic cultures of the region. Currently the WH site only Includes the town, but plans are underway to designate a 
buffer zone to Include historic sites In the general area, as far north as Klzlngltlnl on Pate Island, just south of the KMNR 
boundary.



The Red Sea angelfish  (Apolemichthys xanthotis), an 
exam ple o f  th e  tra n s itio n  fauna o f  th e  Klunga-Lam u 
region, as this fish Is endemic to  the  Red Sea/Gulf o f Aden, 

and th is Is the  southern-m ost record o f It's presence.
© D avid  Obura

affected. Dredging for port construction and maritime 
pollution may have devastating Impacts on the marine 
habitats and species o f the region, Including In the KMNR. 
Finally, growing Interest In oil and gas exploration, and a 
pipeline for oil from South Sudan to the port make It likely 
tha t In future there w ill be a refinery at the port.

Management

The Kiunga Marine National Reserve (KMNR) was estab­
lished as a protected area In 1979, and the fo llow ing year 
(1980) was designated as a Biosphere Reserve (Kiunga and 
Klwalyu) o f 60,000 ha under UNESCO's Man and the 
Biosphere (MAB) Project w ith  the adjacent Dodorl National 
Reserve In recognition o f the International conservation 
Importance o f the region. In 1996, the W orld W ide Fund 
for Nature (WWF) and Kenya W ildlife Service (KWS) formed 
a working partnership to develop long-term management 
strategies Integrating conservation and development prior­
ities, and several private and civil society groups are also 
active In marine and cultural conservation In the region. 
Extension o f the Lamu Town Cultural World Heritage buffer 
zone to Include other parts o f the historic archipelago to 
Pate Island would mean the entire archipelago could be 
designated for cultural or natural values under some form 
o f management.

Geographic scale, integrity and site type

In geological and natural terms, the KMNR and the broader 
Lamu-Klunga archipelago are an Integral unit, representing 
the entire Northern Monsoon Coastal Current eco-reglon In 
Kenya. Lamu Town Is already a Cultural World Heritage site, 
complementing the KMNR. However the port development 
at Magogonl represents the single largest threat to  the 
Integrity o f the natural and cultural systems o f the area.

O ther sites in the region -  none.
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The Kwazulu-Natal Sardine Run

Location

The Sardine Run occurs o ff the East Coast o f South Africa 
during the months o f May to  June. The area just falls 
outside o f the tropical zone o f the WIO, however the 
unlgueness o f th is  phenom enon , occu rring  on the 
boundary o f the WIO and touching Its southern extreme, Is 
o f Importance and Interest.

Description

The Southern African pilchard (Sardinopssagax) spawns In 
the cool waters o f the Agulhas Bank. As the spawning 
season matures, the shoals move northward along the east 
coast o f South Africa. The run can contain billions o f Indi­
vidual sardines, trapped In a cold current o f water between 
the coastline and the Agulhas Current Itself (that heads 
southwards), which can cause the fish to be concentrated 
Into the dense shoals o f the 'sardine run'.

Limited Information suggests tha t the water temperature 
has to drop below 21°C In order for the migration to take 
place. More recent observations have noted tha t cooling 
temperatures, calm conditions, light northwesterly land 
breezes and stable atmospheric conditions promote the 
development o f the run. In terms o f biomass, researchers 
have estimated the sardine run could rival East Africa's 
great wildebeest migration. The shoals are often more than 
7 km long, 1.5 km wide and 30 meters deep, and are 
clearly visible from spotter planes or from the surface.

The sheer numbers o f sardine create a feeding frenzy of 
higher predators. For Instance, up to 18,000 dolphins are 
estimated to aggregate to feed on the sardines, mostly the 
com m on do lph in  (De lph inus capensis) bu t also the 
bottlenose (Turisops aduncus). They round up the sardines 
Into bait balls, which Instinctively group up as a defense 
mechanism. These bait balls can be 10-20 meters In diam­
eter and seldom last longer than 10 minutes as a large 
number o f other predators take advantage Including sharks 
(bronze whaler, dusky, grey nurse, black tip, spinner and 
Zambezi), other fish (blllflsh, klngflsh), birds (gannets, 
cormorants, terns and gulls), and cape fur seals.

Like the wildebeest migration, the biomass o f sardines and 
central role It plays In the life history o f the predators o f the 
region, and the potential fo r nature-based tourism to view 
the phenomenon, make It a unlgue event.

Threats

Clim ate change w o u ld  lead to  chang ing cond itions 
(temperature, phenology and tim ing o f seasonal events, 
etc) which may have a devastating effect on the Sardine 
Run and all It effects. The freguency o f the run could be 
altered.

Management status

Observed, monitored, researched and enjoyed.

Geographic scale, integrity and site type

The sardine run Is a mobile phenomenon, so presents chal­
lenges In ensuring Its Integrity, as barriers to movement 
along the shoreline may significantly Impact It.

O ther sites in the region -  there Is no other fish shoaling 
phenomenon o f o f this type In the WIO or elsewhere In the 
world.

Jurisdiction -  South Africa.
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Antongil Bay, Northeast Madagascar

Location

A n to ng il Bay Is In the  NE o f Madagascar (16°00'S , 
49°55'E).

Description

Antongil Bay Is the largest bay In Madagascar, covering 
2800 km2, o f which half Is less than 50 m deep and 270 km 
o f coastline. It Is situated where the South Eguatorlal 
Current (SEC) hits the east coast o f Madagascar and splits 
north and south, and Is sheltered from the southeast swell 
and winds by the Masoala Peninsula. Situated In a high 
rainfall area, the bay Is surrounded by lush tropical forests, 
w ith  9 rivers flow ing Into It. The bay Is among the most 
productive In the Indian Ocean, w ith a very high biomass o f 
small pelagic fish (27,000 tonnes), also serving as a mating 
and nursery ground for many marine species. .

The forests surrounding the bay host an estimated 50% of 
Madagascar's floral and faunal diversity, and are designated 
under three protected areas -  the Masoala National Park, 
which Is a natural W orld Heritage Site, the Mañanara 
National Park, which Is a UNESCO Biosphere Reserve, and 
the Maklra Protected Area.

Jurisdiction -  Madagascar.

Potential Outstanding Universal Values

Criterion viii -  Geology and oceanography

O ceanography: the bay Is situated where the SEC hits the east 
coast o f Madagascar and splits north and south, so Is among the 
first settling sites fo r larvae transported across the ocean. It may 
play a key source role for downstream regions, such as In the 
Mozambique Channel.

Criterion x  -  Habitats & conservation

The bay contains many marine habitats: estuaries, mangroves, rocky 
shores, coral reefs, and seagrass beds. Coral reefs on the east coast 
of Madagascar have shown potential resilience to coral bleaching 
due to climate change.

The bay Is globally Important for Its role as a mating ground for 
humpback whales, and Is one of the largest and best-studied w in­
tering sites In the Indian Ocean. Research In Antongil Bay from 
2000 to 2006 suggests that the population of humpback whales uti­
lizing the Bay Is composed of approximately 7000 Individuals and 
Is continuing to recover from depletion by commercial whaling that 
occurred In the 19th and early 20th centuries.

Criterion ix -  Ecology, species and 
evolution

The bay contains more than 140 species of fish, 
o f which 19 are sharks. Three tu rtle  species 
frequent the bay: green turtles (Chelonia mydas), 
hawksbllIs (Eretmochelys imbricata) and leather- 
back (Dermochelys coriacea). A t least 13 marine 
mammal species are reported In the bay and 
adjacent offshore region: the dugong (Dugong 
dugon), one pinniped (Arctocephalus tropicalis), 
and 11 species of cetaceans (humpback whales 
Megaptera novaeangliae, southern right whales 
Eubaleana australis, sperm whales Physeter 
macrocephalus, beaked whales Ziphius cavi­
rostris and Mesoplodon sp, bottlenose dolphins 
Tursiops sp, spinner do lph ins Stenella lo n ­
girostris, pantroplcal spotted dolphins Stenella 
attenuata, Fraser's dolphins Lagenodelphis hosei, 
false killer whales Pseudorca crassidens, and 
melon-headed whales Peponocephala electra).

: M uM jim *, ■'*' 
L in u b c ip c  /  S nucap r

B a le
d ’Antonglla

A n to n g il Bay is on the  upper NE coast o f Madagascar, 
some 300 km south  o f  th e  sites m en tioned  in th e  N 
Madagascar site page. © W ild life  Conservation Society
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Threats

Antongil Bay faces similar exploitation threats to other parts 
o f the region, particularly from high fishing pressure and 
illegal fishing, depletion o f mangrove forests, sedimenta­
tion from terrestrial runoff, and petroleum industry explo­
ration and production.

Management status

The bay has had a variety o f regulations and management 
zones decreed. In 2010, the entire bay and its outer 
reaches, an area o f about 4400 km 2 were put under 
tem porary full protection by an interministerial decree 
(n°52005/2010), to enable measures to be put in place to 
assure long term sustainable resource use. Prior to this, 
w ith in  the Masoala National Park, 3 marine protected 
areas covering 100 km2 were established in 1997, and the 
Marine Park o f Nosy Antafana, created in 1989, has an area 
o f 10 km2. Since 2009, 7 com m unity protected areas were 
established, covering a total o f 2000 ha. In 2006 the first 
regulation o f its kind in Madagascar was imposed, banning 
the use o f destructive gears such as beach seines, and fine- 
mesh (mosguito net) nets. In 2011 this was extended as a 
ban on the manufacture, sale and use o f beach seines in 
the Région Analanjirofo, in which the bay is found.

—i



Potential marine sites of Outstanding Universal Value

French Southern Territories
(Crozet, Kerguelen, Saint Paul and Amsterdam)

Location

This group o f islands is south o f the Western Indian Ocean, 
about halfway to  the Antarctic continent and midway 
between South Africa and Australia.

Description

The region is classified in a com m on biogeographic 
province w ith  temperature South Africa in the MEOW 
classification. In spite o f not being w ith in  the WIO, Its 
Importance and distinctiveness have been raised repeatedly 
during this study, so is mentioned In this report.

Geologically, the Kerguelen Islands are most distinctive, 
composed o f a large island and more than 300 islands and 
islets covering a tota l area o f 6500 km2, on a massive 
continental shelf covering 100,495 km 2, itself on the 
submarine Kerguelen-Heard shelf o f 2.2 million km 2 at a 
depth o f approx. 1000 m. This shelf was produced by 
hotpost activity approximately 118-90 mya associated 
w ith  a "superplume event" during the separation o f India 
from the landmass o f Australia and Antarctica, after the 
breakup o f Gondwana. The plateau represents one o f the 
largest volcanic outpourings globally, along w ith  the 
Ontong Java Plateau in the western Pacific. The shelf inter­
acts w ith  the strong currents ringing the Southern Ocean, 
causing massive upwelling and productivity, supporting 
massive fish populations, marine mammals, seabird aggre­
gations and others.

The Crozet and Kerguelen islands are among the world's 
richest seabird zones w ith  34 breeding species. The most 
distinctive o f these Is the Critically Endangered endemic 
Amsterdam albatross (Diomedea amsterdamensis), whose 
sole population is estimated at 180 individuals (30 couples 
breeding on site per year). The Crozet Archipelago also 
hosts the largest colony o f King Penguins w orldw ide 
(Aptenodytes patagonicus) w ith  more than one million 
individuals. Overall, more than 25 million seabirds breed 
each year at Crozet, and at least as much to Kerguelen. 
This represents unigue concentrations o f birds world wide.

The islands are equally im portant for multiple species of 
marine mammals, Including the southern elephant seal 
(.M irounga leonine -  400,000 breeding annually, the 
second largest population in the world), the only popula­
tion o f Commerson's dolphin subspecies (Cephalorynchus 
commersonii ssp.), the Antarctic fur seal (Kerguelen sea 
lions, Arctocephalus gazella) and Amsterdam sea lions 
(A. tropicalis), numbering up to  50,000 individuals, from 
just 100 surviving In 1956.

^  Réserve  
naturelle  
terrestre

Réserve
naturelle
m arine

Iles Kerguelen
Iles Crozet

French Southern Territories, showing existing terrestria l 

and marine nature reserves. ©Taaf

Jurisdiction -  France. The shelf defines the Exclusive 
Economic Zone o f Kerguelen, operated under the Terres 
australes et antarctigues françaises (TAAF), w ith  the neigh­
boring islands o f Heard and MacDonald and their EEZ 
belonging to  Australia.

Threats

The remoteness o f the Islands has protected them from 
threats, though this also contributes challenges to effective 
management. Also, because o f their remote mid-ocean 
location, ocean and fisheries management has involved 
multi-country agreements. Nevertheless the Integrity and 
condition o f the area Is very high as they are uninhabited 
islands, and they have good scope for consideration as a 
potential W orld Heritage site.

Management status

All the waters in the zone are covered by the area o f juris­
diction o f the Commission for the Conservation o f fauna 
and flora o f Antarctic Marine Living Resources (CCAMLR), 
a maritime extension o f the system o f the Antarctic Treaty. 
In addition, a Franco-Australian agreement on cooperation 
for the implementation o f legislation relating to  fishing Is 
In effect.

Plaine Ampère, 

Kerguelen.
©F. Lepage-Taaf



5
Appendices

H

© H ans Fricke

107



Appendices

References

Abdulla, A ., Obura, D. and Berstky, B. (In prep). Thematic study 
on Marine World Heritage. lUCNA/Vorld Heritage Centre.

Agassiz, L. 1844. Recherches sur les Poissons Fossiles. Vol. 2. 
Neuchâtel : Imprimerie de Petitpierre.

A ll, J.R. and Altchlson, J. 2008. Gondwana to  Asia: Plate tectonics, 
paleogeography and the biological connectivity o f the Indian sub­
continent from  the M iddle Jurassic through latest Eocene (166-35 
Ma). Earth Science Reviews, 88, pp. 145-166.

A ll, J.R. and Huber, M. 2010. Mammalian biodiversity on 
Madagascar controlled by ocean currents. Nature, 463, pp. 
653-656

Allen, G. 2008. Conservation hotspots o f biodiversity and 
endemism fo r Indo-Paclfle coral reef fishes. Aquatic 
Conservation: Marine and Freshwater Ecosystems, Vol. 18 
pp. 541-556.

A llen, Z.C., Shah, N.J., Grant, A ., Derand, G.D. and Bell, D.
2010. Hawksblll tu rtle  m onitoring In Cousin Island Special 
Reserve, Seychelles: an e igh t-fo ld  Increase In annual nesting 
numbers. Endangered Species Research, Vol. 11, pp. 195-200.

Alongl, D.M. 2002. Present state and future o f the world's mangrove 
forests. Environmental Conservation, 29 (3), pp. 331-349.

A ndréfouët, S., Chagnaud, N. and Kranenburg, C.J. 2009. Atlas 
o f W estern Indian Ocean Coral Reefs. New-Caledonla: Centre 
IRD de Nouméa.

Andrlam ala l, C.A.J. 2007. Etude écologique pour la gestion des 
mangroves à Madagascar Comparaison d'une mangrove littorale et 
d'estuaire à l'aide de la télédétection. Rapport de thèse. Basel

Ardron, J., Dunn, D., Corrigan, C., Gjerde, K., Halpln, P., Rice, J., 
Vanden Berghe, E. and Vlerros, M. 2009. Defining ecologically or 
biologically significant areas In the open oceans and deep seas: 
Analysis, tools, resources and Illustrations. O ttawa, Canada: 
GOBI/CBD.

A teweberhan, M. and McClanahan, T.R. 2010. Relationship 
between historical sea-surface tem perature variability and 
climate change-induced coral m ortality In the western Indian 
Ocean. Marine Pollution Bulletin, Vol. 60, pp. 964-970.

Audru, J.C., Bltrl, A ., Desprats, J.F., Dominique, P., Eucher, G., 
Hachim, S., Jossot, O., M athon, C., Nédellec, J.L., Sabourault, P., 
Sedan, O., Stollstelner, P. and Terrier-Sedan, M. 2010. Major 
natural hazards In a tropical volcanic Island: a review fo r Mayotte 
Island, Comoros archipelago, Indian Ocean. Engineering 
Geology, 114, pp. 364-381.

Badman, T., D ingwall, P. and Bomhard, B. 2008. Natural World 
Heritage Nominations: A Resource Manual for Practitioners.
IUCN.

Baker, N.E. and Flson, T. 1989. Shy A lbatross Diomedea cauta: the 
first record fo r Tanzania. Scopus, pp. 13-15.

Bandelra, S.O. 1995. Marine botanical com munities In southern 
Mozambique: Seagrasses and seaweed diversity and conservation. 
Ambio, 24 pp. 506-509.

Bandelra, S. and Gell, F. 2003. The Seagrasses o f Mozambique and 
South Eastern Africa. World Atlas o f Seagrasses. UNEOAA/CMC. 
University o f California Press, Berkeley, USA.

Bakker, K.A., Icomos, J.K., Iccrom, L., Eloundou, L. and Ohlnata F. 
2010. Report on the reactive monitoring mission to Lamu Old Town 
(C1055) Kenya, from May 7 -  10. 2010EAME vision report.

Battlstlnl, R. 1996. Paléogéographie et variété des milieux 
naturels à Madagascar et dans les Iles voisines : Quelques 
Données de base pour l'étude Biogéographique de la région 
malgache. Biogéographie de Madagascar, pp. 1-17.

Beal, L., De Ruljter, W., Blastoch, A ., Zahn, R., and S. W. I. W. G.
1. 2010. On the role o f the Agulhas system In ocean circulation 
and climate. Nature, 472(7344), pp. 429-436.
Belkin, I.M., Cornlllon, P.C., 2007. Fronts In the W orld Ocean's 
Large Marine Ecosystems. In: International Council for the 
Exploration o f the Sea. ICES CM 2007/D :21.

Best, P. B., Rademeyer, R. A ., Burton, C., Ljungblad, D.,
Sekiguchii, K., Shlmada, H., Thiele, D., Reeb, D. and Butterw orth , 
D. S. 2003. The abundance o f blue whales on the Madagascar 
Plateau, December 1996. Journal o f Cetacean Research and 
Management, Vol. 5(3), pp. 253-260.

Bjork, M ., Short, F., Mcleod, E. and Beer, S. 2008. Managing 
Seagrasses For Resilience To Climate Change. Gland, Switzerland: 
International Union fo r the Conservation.

Bouchet, P. 2012. The "A tlm o  Vatae" expedition. Museum of 
National History o f Paris. 
http://ww w .laplaneterevlsltee.org/fr/87/accuell.

Bourjea, J., S. e ledone, and R. Ratslmbazafy.2006.Marine turtles 
surveys In Nosy Iranja Kely, north-western Madagascar. Western 
Indian Ocean Journal o f Marine Science, Vol. 5 (2), pp. 209-212.

Bourjea, J., Frappier, J., Qulllard, M., e ledone, S., Roos, D., 
Hughes, G., and Grlzel, H. 2007. M ayotte Island: another 
Im portant green turtle  nesting site In the southwest Indian 
Ocean. Endangered Species Research, Vol. 3, pp. 273-282.

Bourjea, J., S. Lapègue, L., Gagnevln, D., Broderick, J. Mortimer,
S. eledone, D. Roos, C. Taquet and Grlzel, H. 2007a. 
Phylogeography o f the green turtle , Chelonia mydas, In the 
Southwest Indian Ocean. Molecular Ecology, Vol. 16, 
pp. 175-186.

Branch, T.A., Stafford, K.M., Palacios, D.M., A llison, C.,
Bannister, J.L., Burton, C.L.K et al. 2007. Past and present 
distribution, densities and movements o f blue whales 
Balaenoptera musculus In the Southern Hemisphere and 
northern Indian Ocean. Mammal Society, Mammal Review, Vol. 
37, No. 2, pp. 116-175.

Briggs, J.C. 1974. Marine Zoogeography. New York: McGraw-Hill.

http://www.laplaneterevlsltee.org/fr/87/accuell


Assessing Marine World Heritage from an Ecosystem Perspective: The Western Indian Ocean

Brooke, S.D., Lim, T.Y. and A rdron, J.A. 2010. Surveillance and 
enforcement o f remote maritime areas. Paper 1 : surveillance 
technical options. Version 1.2. U.S.A.: Marine Conservation 
Biology Institute, USA.

Bruce, B.D. 2009. The Biology and Ecology o f the W hite Shark, 
Carcharodon carcharias, In Sharks o f the Open Ocean: Biology, 
Fisheries and Conservation (eds M. D. Camhl, E. K. Plkltch and E. 
A. Babcock), Blackwell Publishing Ltd., Oxford, UK.

Caceres, S. 2003. Etude préalable pour le classement en Réserve 
Naturelle des Iles Éparses. Mémoire de DESS Sciences et Gestion 
de l'Environnement Tropical de l'Université de la Réunion.

Cande, S.C., and Stegman,?D.R. 2011. Indian and African plate 
motions driven by the push force o f the Réunion plum e head. 
Nature 475, pp. 47 -52 .

Carpenter, K. E„ Barber, P. H „ Crandall, E. D. et al. 2011. 
Comparative Phylogeography o f the Coral Triangle and 
Implications fo r Marine Management. Journal o f Marine Biology, 
pp. 1-14.

Chabanet, P. and Durvllle, P. 2005. Reef fish Inventory o f Juan de 
Nova's natural park (Western Indian Ocean). Western Indian 
Ocean Journal o f Marine Science, Vol. 4, No. 2, pp. 145-162.

Cerchlo, S., Findlay, K. P, Ersts, P.J., M in ton G., Bennet D., Meyer 
M., Razaflndrakoto Y., Kotze D., Oosthulzen H., Leslie M., 
Andrlanarlvelo N. and Rosenbaum, H. 2008. Initial assessment o f 
exchange between breeding stocks C i and C3 o f humpback 
whales in the western Indian Ocean using photographic 
markrecapture data, 2000-2006. IWC Scientific Comm ittee 
SC/60/SH33.

Cerchlo, S., Ersts, P.J., Pomllla C., Loo, J., Razaflndrakoto Y.,
Leslie M., Andrlanarlvelo N., M inton G., Dushane, J., Murray, A., 
Collins T. and Rosenbaum, H. 2009. Updated estimated o f 
abundance for humpback whale breeding stock C3 o ff  
Madagascar, 2000-2006. IWC Scientific C om m ittee SC/61/SH7.

Chen, C. A. et al. (In prep). DNA barcodlng reveals the 
laboratory-rat coral, Stylophora pistillata, consists o f multip le 
Identities.

C herías, J. 1989. The hunting o f the whale. A tragedy that must 
end. Penguin Books.

Chittenden, H. (ed). 2007. Roberts Bird Guide: A comprehensive 
Field Guide to over 950 Bird Species in Southern Africa. Africa 
Geographic, Cape Town. 456 pp.

Church, J. and Obura, D. 2004. Management recommendations for 
the Kiunga Marine National Reserve based on coral reef and fisheries 
catch surveys, 1998 -  2003. WWF KMNR and CORDIO report.

Clark, L.W. and Lamberson, R. 1982. An Economic history and 
analysis o f Pelagic W haling. Marine Policy, pp. 103-120.

Class, C., Goldstein, S.L., A ltherr, R. and Bachèlery, P. 1998. The 
Process o f P lume-Llthosphere Interactions In the Ocean Basins—  
the Case o f Grande Comore.

Cockcroft, V.G., Salm, R.V. and Dutton,T.P. 1994.The status of 
dugongs In the Western Indian Ocean. First International 
Manatee and Dugong Research Conference. Florida 11-13 
March.

Cockcroft, V.G. and Young, D.D. 1998. An investigation 
o f the status o f coastal marine resources along the west coast 
o f Madagascar. Gland, Switzerland: W orldw ide Fund fo r Nature 
(WWF).

Cockcroft, V.G. 1995. Dugongs o f Coastal Africa. African 
Wildlife Update.

Cockcroft,V. G. and Krohn, R. 1994. Passive gear fisheries o f the 
southwestern Indian and southeastern Atlantic Oceans: an 
assessment o f their possible impact on cetaceans. Report o f the 
International W haling Commission. Issue 15, pp. 317 -  328.

Colman, J.G. 1997. A  review o f the biology and ecology o f the 
whale shark. Journal o f Fish Biology, Vol. 51, pp. 1219-1234. 
Conservation International. 2008. Economic Values o f  Coral 
Reefs, Mangroves, and Seagrasses: A Global Compilation. Center 
fo r Applied Biodiversity Science, Conservation International, 
A rling ton , VA, USA.

Daniel, J., Dupont, J. and Jouannlc, C. 1973. Cali. Orstom, Sér. 
Géol., Vol. V, No. 2, p. 115-154.

Den Hartog, C. 1970. The seagrasses o f the world. Amsterdam: 
North-Holland Publishing Company.

de Ruljter, W. P. M., R ldderlnkhof, H. and Schouten, M. W. 2005. 
Variability o f the southwest Indian Ocean. Phil. Trans. R. Soc. A, 
Vol. 363, pp. 63 -76

de Ruljter, W.P.M., van Aken, H.M., Beier, E.J., Lutjeharms, J.R.E., 
Matano, R.P. and Schoutena, M.W. 2004.Eddies and dipoles 
around South Madagascar: form ation, pathways and large-scale 
Impact. Deep-Sea Research, Vol. 51, pp. 38 3 -40 0

Dl Marco, S.F., Chapman, P. and Nowlin Jr., W.D. 2000. Satellite 
observations o f upwelllng on the continental shelf south of 
Madagascar. Geophysical Research Letters, Vol. 27, No. 24, pp. 
3965-3968

Dias, V. 2005. Diversidade, Distribuiçào e Biomassa de Ervas Marinhas 
na Baia de Bazaruto. Tese de licenciatura. Maputo: Unlversldade 
Eduardo Mondlane.

Dingwall, P., W elghell, T. and Badman, T. 2005. Geological World 
Heritage: A Global Framework. A Contribution to the Global 
Theme Study o f  World Heritage Natural Sites. Prepared by 
Protected Area Programme, IUCN/WCPA.

Dlren Reunion. 2004. Document de prise en considération pour 
le classement des Iles Éparses en Réserve Naturelle Nationale.

Doukakls, P., Jonahson, M ., Ramahery, V., de Dieu 
Randrlamanantsoa, B.J., and Harding, S. 2007. Traditional 
Fisheries o f A ntongil Bay, Madagascar. Western Indian Ocean 
Journal o f  Marine Science, Vol. 6(2), pp. 175-181.

Doukakls, P., Hanner, R., Shlvjl, M ., Bartholomew, C., Chapman, 
D., W ong, E. G., and Am ato , G. 2011. Applying genetic 
techniques to  study remote shark fisheries In northeastern 
Madagascar. Mitochondrial DNA. Vol. 22, pp. 15-20.

Duarte, C .M., Borum, J., Short, F.T. and Walker, D.I. (In press). 
Seagrass Ecosystems: Their Global Status and Prospects. In:
N.V.C. Polunln (Ed.). Aquatic Ecosystems: Trends and Global 
Prospects. Cambridge Univ. Press



Appendices

Dulau-Drouot, V., Cerchio, S., Jouannet, V., Ersts, P., Fayan, J., 
Boucaud, V. and Rosenbaum, H. 2011. Preliminary comparison 
o f humpback whale photographic identifications indicates 
connectivity between Reunion (BS C4) and Madagascar (BS C3). 
IWC Scientific C om m ittee SC/63/SH28.

Duncan R.A. 1990. The volcanic record o f the Reunion hotspot.
In: Duncan, R. A ., Backman, J., Peterson, L. C, e t al. 1990. 
Proceedings o f the Ocean Drilling Program, Scientific Results,
Vol. 115.

Dutton, P. and Zolho, R. 1990. Plano Director de Conservaçào para 
o Desenvolví mento a Longo Prazo do Arguipélago de Bazaruto. 
M In ¡stérlo de Agricultura. M aputo, Mocambique.

Dutton, T.P. and Zolho, R. 1990. Conservation master plan for the 
sustained development o f  the Bazaruto Archipelago, People's 
Republic o f Moçambigue.

Ehler, C. and Douvere, F. 2011. Navigating the future o f  Marine 
World Heritage: results o f the first World Heritage Marine Site 
Managers Meeting, 1-3 December 2010. W orld Heritage Papers 
No. 28. Paris: UNESCO.

Ellison, J.C. and Stoddart, D.R. 1991. Mangrove ecosystem collapse 
during predicted sea-level rise: Holocene analogues and Implications. 
Journal o f  Coastal Research, Vol. 1: 151-165.

Eckert, S., and Stewart, B. 2001. Telemetry and satellite tracking o f 
whale sharks, Rhyncodon typus, In the Sea o f Cortez, Mexico, and 
north Pacific Ocean. Environ. Biol. Fish. Vol. 60, pp. 299-308.

Emerlck, C. M. & Duncan, R. A. 1982 Age progressive volcan­
um In the Comores Archipelago, western Indian Ocean and 
Implications fo r Somali plate tectonics. Earth and Planetary 
Science Letters 60, 415-428.

Erdmann M. (2006). Lessons learned from  the conservation 
campaign fo r the Indonesia coelacanth, Latimeria menadoensis 
(Pouyaud) South African Journal o f Science 102, 501-504.

Erftem eljer, P.L.A. and Ham erlynck, O. 2005. D le-back o f the 
mangrove Heritiera littoralis In the Rufljl delta (Tanzania) fo llow ing 
El Niño floods. Journal o f Coastal Research, Vol. 42. 228-235.

Ersts, P.J., Klszka, J., Vely, M ., Rosenbaum, H.C. 2011. Density, 
group com position, and encounter rates o f humpback whales 
(.Megaptera novaeangliae) on three banks In the north-eastern 
M ozambique Channel. Journal o f Cetacean Research and 
Management, special Issue 3.

Everett, B.I., van der Eist, R.P. and Schleyer, M.H. 1980. A natural 
history o f  the Bazaruto Archipelago. Sp Pub no 8. South African 
Association fo r Marine Biological Research

Ewel, K.C., Twllley, R.R. and Ong, J.E. 1998. D ifferent kinds o f 
mangrove forests provide d iffe ren t goods and services. Global 
Ecology & Biogeographical Letters, Vol. 7, pp. 83-94.

FAO. 2000. Conservation and Management o f Sharks. FAO 
Technical Guidelines fo r Responsible Fisheries. Rome: F.A.O. 
Marine Resources Service.

FAO and UNEP. 1981. Los Recursos Forestales de la America Tropical 
Proyecto de Evaluación de Ios Recursos Forestales Tropicales (en el 
marco de SINUVIMA).

Faure, G. 2009. Coraux des îles des Mascareignes. RAMP-COI.

Flndlay, K., Pitman, R., TsuruI, T., Sakai, K., Ensor, P., Iwakaml,
H., Ljungblad, D., Shlmada, H., Thiele, D., Van Waerebeek, K., 
Hucke-Gaete, R. and Sanlno-Vattler, G.P. 1998. 1997/1998 IWC- 
Southern Ocean Whale and Ecosystem Research (IWC-SOWER) 
blue whale cruise, Chile. Paper SC/50/Rep2 presented to  the IWC 
Scientific Com m ittee, April 1998, Muscat, Oman.

Flot, J.F., Blanchot, J., C harpy, L., Cruaud, C., Llcuanan,
W. Y., Nakano, Y., Payrl, C. e t al. 2011. Incongruence between 
morphotypes and genetically delim ited species In the coral genus 
Stylophora: phenotypic plasticity, morphological convergence, 
morphological stasis or Interspecific hybridization. BMC Ecology.

Fowler, S. 2000. Whale Shark Rhincodon typus Policy and 
Research Scoping Study. WWF, W lldA ld and the Shark Trust 
Nature Conservation Bureau, UK.

Forey, P.L. 1998. History o f  the Coelacanth Fishes. Chapman & 
Haii, London.

Frazier, J. 1984. Marine turtles In the Seychelles and adjacent territories. 
In: Stoddart, D.R. (Ed.). Biogeography and Ecology o f the Seychelles 
Islands. The Hague, Netherlands: Junk Publishers, pp. 417-468.

Fréon, P. e t al. 2010. A  review and tests o f hypotheses about 
causes o f the KwaZulu-Natal sardine run. African Journal o f 
Marine Science, Vol. 32(2), pp. 449-479.

Frlcke, H. et al. 1998. Coelacanth population, conservation and 
fishery activity at Grande Comore, West Indian Ocean. Marine 
Ecology Progress Series, No. 166, pp. 231-236.

Frlcke, H., Hissmann, K., Froese, R., Schauer, J., Plante, R. and 
Frlcke, S. 2011. The population biology o f the living coelacanth 
studied over 21 years. Mar Biol.

Frlcke, R., M ulochau, T., Durvllle, P., Chabanet, P., Tessler, E. and 
Letourneur, Y. 2009. A nnotated checklist o f the fish species 
(Pisces) o f La Réunion, Including a Red List o f threatened and 
declining species. Stuttgarter Beiträge zur Naturkunde A, Neue 
Serie, 2, pp. 1-168.

Frlcke, H., Hissmann, K., Schauer, J., Erdmann, M., Moosa,
M.K. and Plante, R. 2000. Biogeography o f the Indonesian 
coelacanths. Nature, 403.

Frlcke, H. and Hissmann, K. 1994. Home range and m igrations 
o f the living coelacanth Latimeria chalumnae. Mar. Eco!. Vol.
120, pp. 171-180.

Frouln, P. and Bourmaud, C. 2008. Herbiers des ¡les de l'ouest de 
l'océan Indien: espaces-ressource de biodiversité. Actes du 
colloque FRB «La blodlverslté des îles de l'océan Indien», 
p. 14-16.

Galllenne, C.P. and Smythe-W rlght, D. 2005. Eplpelaglc 
mesozooplankton dynamics around the Mascarene Plateau and 
Basin, Southwestern Indian Ocean. Phil. Trans. R. Soc. Vol. 363, 
pp. 191-202.

Gargomlny, O. (Ed.). 2003. Biodiversité et conservation dans les 
collectivités françaises d'outre-mer. Collection Planète Nature. Paris, 
France : Comité français pour l'UlCN.



Assessing Marine World Heritage from an Ecosystem Perspective: The Western Indian Ocean

Garnier, J., Silva, I., Davidson, J., Hill, N., Muaves, L., Mucaves, S., 
Gulssamulo, A. and Shaw, A. 2008. Co-M anagem ent o f the Reef 
atVamlzl Island, Northern Mozambique. In: Obura, D.O., Tamelander, 
J. and Linden, 0 . (Eds). 2008. Ten years a fter bleaching -  facing the 
consequences o f c lim ate change In the Indian Ocean. CORDIO 
Status R eport 2008. CORDIO (Coastal Oceans Research and 
Development In the Indian Ocean)/Slda-SAREC. Pp. 121-127.

GOBI. 2009. Saya de Malha Banks— Case study. 
http://w w w .gobl.org /O ur% 20W ork/ra re-1

Grant, P. 2010. Gulls: A Guide to Identification. London: Poyser.

Gravler-Bonnet, N. and Bourmaud, C. 2006a. Hydrolds (Cnidaria, 
Hydrozoa) o f coral reefs: prelim inary results on com m unity 
structure, species distribution and reproductive biology In Juan 
de Nova Island (Southwest Indian Ocean). Western Indian Ocean 
Journal o f  Marine Science, Vol. 5(2), pp. 123-132.

Gravler-Bonnet, N. and Bourmaud, C. 2006b. Hydroids (Cnidaria, 
Hydrozoa) o f  coral reefs: preliminary results on community 
structure, species distribution and reproductive biology in the lies 
Glorieuses (Southwest Indian Ocean). 10th Int. Coral Reef Symp., 
Okinawa, Japon, pp. 188-196.

Green, A ., Ukena, R., Ramsay, P., Leuci, R. and Perritt, S. 2009. 
Potential sites fo r suitable coelacanth habitat using bathymetric 
data from  the western Indian Ocean. South African Journal o f 
Science, Vol. 105, pp. 151-154.

Green, E.P. and Short, F.T. 2003. World Atlas o f Seagrasses. 
UNEP-WCMC

Griffiths, C. L. 2005. Coastal marine biodiversity o f East Africa. 
Indian Journal o f Marine Sciences. Vol. 34 (1), pp. 35 -41 .

Grove, C. A ., Nagtegaal, R., Zinke, J., Scheufen, T., Koster, B., 
Kasper, S., M ccu lloch, M. T., van den Bergh, G., and Brummer,
G.J.A. 2010. River runoff reconstructions from  novel spectral 
luminescence scanning o f massive coral skeletons. Coral Reefs, 
Vol. 29, pp. 579-591.

Gubelman, E. and W eru, S. 1996. Participatory Rural Appraisal o f  
the Kiunga Marine National Reserve and Boni Forest. WWF report.

Gullström, M., de la Torre Castro, M., Bandelra, S., Björk, M., 
Dahlberg, M., Kautsky, N., Rönnbäck, P. and Öhman, M. C.
2002. Seagrass ecosystems In the W estern Indian Ocean. Ambio, 
Vol. 31 No. 7-8 .

Guyomard, D., Petit, M., Desrulsseaux, M., Stretta, J.M. and 
Gardei, L. 2006. Hydroclimat du sud-ouest de l'océan Indien et 
océanographie spatiale. In: Petit Michel (ed.), Huynh Frédéric 
(ed.). Halieutique et environnem ent océanique : le cas de la 
pêche palangrlère à l'espadon depuis l'île de la Réunion. Pp. 
3 9 -65 . Paris : IRD.

Hamilton, H.G.H. and Brakel, W.H. 1984. Structure and coral 
fauna o f East A frican reefs. Bulletin o f Marine Science, Vol. 34, 
pp.248-26 .

Hammerschlag and Fallows. 2005. Identified population of 
manta rays Manta alfredi In southern Mozambique. Marine 
Biology, Vol. 1 58, pp. 1111-1124.

Harrison, P. 1989. Seabirds. An identification guide. Revised 
edition. Christopher Helm (Publ) Ltd. pp. 448

Hayman , P., Marchant, J. and Prater, T. 1986. Shorebirds. An 
Identification guide to  the waders o f the w orld . Christopher 
Helm (Publ) Ltd., pp. 412.

Heemstra, P.C., Hissmann, K., Frlcke, H., Smale, M.J. and 
Schauer, J. 2006. Fishes o f the deep demersal habitat at Ngazldja 
(Grand Comoro) Island, W estern Indian Ocean. S. Afr. J. Sei., Vol. 
102, pp. 444-460.

Heemstra, P.C..Frlcke, H.,Hlssmann, K.,Schauer, J.,Smale, M. and 
Sink, K. 2006. Interactions o f fishes w ith  particular reference to  
coelacanths In the canyons at Sodwana Bay and the St Lucia 
Marine Protected Area o f South Africa. S. Afr. J. Sei., Vol. 102, 
pp. 461-465.

Helleman, S., Lutjerharmsk J.R.E. and Scott, L.E.P. 2008 II-4 
Agulhas Current: LME #30. In : Sherman, K. and Hempel, G. 
(Editors) 2008. The UNEP Large Marine Ecosystem Report: A 
perspective on changing conditions in LMEs o f  the world's 
Regional Seas. UNEP Regional Seas Report and Studies No. 182. 
United Nations Environment Programme. Nairobi, Kenya

Hermes, J. C. and Reason, C. J. C. 2008. Annual cycle o f the South 
Indian Ocean (Seychelles-Chagos) therm ocllne ridge In a regional 
ocean model, Journal O f Geophysical Research, Vol. 113.

Hllbertz, W. and Goreau, T. 2002. Saya de Malha Expedition 
report.

Hillary, A ., Kokkonen, M. and Max, L. 2002. Proceedings o f the 
World Heritage Marine Biodiversity Workshop. Hanoi, V iet Nam, 
25 February -  1 March 2002.

Hlly, C., Duchêne, J., Bouchon, C., Bouchon-Navaro, Y., Glgou,
A., Payrl, C., Védle, F. 2010. Les herbiers de phanérogames 
marines de l'outre-mer français. Hlly, C., Gabrlé, C., Duncombe, 
M. coord. IFRECOR, Conservatoire du littoral, pp. 140.

Hughes, G.R. 1974. Thesea turtles o f  south-east Africa. Vol. 1, 
Investigational Reports No. 35: Oceanographic Research Institute.

Hughes, G.R. 1974. Thesea turtles o f  south-east Africa. Vol 2. 
Investigational Reports No. 36: Oceanographic Research Institute.

IUCN. 2006. The World Heritage List: Guidance and future 
priorities fo r identifying natural heritage o f  potential outstanding 
universal value.

IUCN. 2004. Managing marine protected areas: A toolkit for the 
Western Indian Ocean. Nairobi, Kenya: IUCN Eastern African Regional 
Programme.

IUCN 2003. W orld Parks Congress. Beyond benefits beyond  
boundaries. Recommendations. Gland, Switzerland: IUCN

Jaquemet, S., Le Corre, M ., Marsac, F., Potier, M ., Welmersklrch, 
H. 2005. Foraging habitats o f the seabird com m unity o f Europa 
(M ozam bique Channel). Marine Biology, Vol. 147, pp. 573-582.

Jamon, A ., W ickel, J., Klszka, J., Layssac, K. and Seret, B. 2010. 
Review o f elasmobranch (sharks and rays) diversity around 
Mayotte Island and surrounding reef banks. Report o f the Indian 
Ocean Shark Research Group (MAYSHARK) fo r Direction de 
l'Agriculture et de la Forêt de M ayotte, Mam oudzou, Mayotte.

http://www.gobl.org/Our%20Work/rare-1


Appendices

Jonahson, M. 2003. Dynamics o f small-scale fisheries in the baie 
d'Antongil (Madagascar): implications for management and 
research. MSc Thesis, University o f Plymouth.

Kelleher, G., Bleakley, C., Wells, S. (eds.). 1995. A Global 
Representative System o f Marine Protected Areas. 4 Vols. 
W ashington DC: W orld Bank.

Kemp, J. 2000. East African Marine Ecoregion. Biological 
Reconnaissance. Dares Salaam: WWF East Africa Regional 
Office.

Kennlsh, M.J. 2002. Environm ental threats and environm enta l 
fu ture  o f estuaries. Environmental Conservation, Vol. 29, No. 1, 
pp. 78-107.

Klszka, J., Beln, A ., Bach, P., Jamon, A ., Layssac, K., Labart, S., 
W ickel, J. 2010c. Catch and bycatch in the pelagic longline 
fishery around Mayotte (NE Mozambigue Channel), July 
2009-Septem ber 2010. Report to  the W orking Party on 
Ecosystems and Bycatch, Indian Ocean Tuna Commission.

Klszka, J., Ersts, P.J., Rldoux, V. 2010b. Structure o f a toothed 
cetacean com m unity around a tropical Island (Mayotte, 
Mozambique Channel). African Journal o f  Marine Science, Vol. 
32, No. 3, pp. 543-551.

Klszka, J., Vely, M., Breysse, O. 2010a. A  prelim inary account of 
cetacean diversity and humpback whale (Megaptera 
novaeangliae) group characteristics around the Union o f the 
Comoros (M ozam bique Channel). Mammalia,No. 74, pp.

Klszka, J., 2010. Ecological niche segregation among a 
community o f tropical dolphins: habitat, resource use and social 
structure. PhD thesis, University o f La Rochelle, France.

Klszka, J., Jamon, J. and W ickel, J. 2009c. Structure des 
communautés de reguins et autres poissons prédateurs 
supérieurs des complexes récifo-lagonaires d'Europa et de Juan 
de Nova (lies éparses), Canal de Mozambigue.

Klszka, J., Jamon, J. and W ickel, J. 2009b. Diversité et biomasse 
des reguins et autres prédateurs supérieurs autour de l'ile de 
Juan de Nova. Rapport MAYSHARK (Groupe de Recherche sur les 
Requins -  Océan Indien) pour la Préfecture des Terres Australes 
et Antarctiques Françaises (TAAF).

Klszka, J., Jamon, J. and W ickel, J.2009a. Les reguins dans les ¡les 
du sud-ouest de l'océan Indien : biodiversité, répartition et 
interactions avec les activités humaines. Analyse Eco-Régionale 
Océan Indien. Rapport MAYSHARK (Groupe de Recherche sur les 
Requins -  Océan Indien) pour le WWF France.

Klszka, J., Jamon, A ., W ickel, J., Seret, B. and Mespoulhep.
2009. Diversité et biomasse des reguins à Juan de Nova (¡les 
éparses, Canal de Mozambigue).

Klszka, J., Jamon, A ., W ickel, J. 2009. Les reguins dans les ¡les de 
l'océan Indien occidental. Biodiversité, distribution et interactions 
avec les activités humaines. Report fo r the WWF (AER).

Klszka, J., Jamon, A ., W ickel, J., Seret, B., Mespoulhe, P. 2009. 
Diversité et biomasse des reguins à Juan de Nova (¡les éparses, 
Canal de Mozambigue). Rapport du Groupe de Recherche sur les 
Requins -  Océan Indien (MAYSHARK) pour la Préfecture des 
Terres Australes e t Antarctiques Françaises.

Klszka, J., Pelourdeau , D., Rldoux, V. 2008b. Body scars and 
dorsal fin  disfigurements as an Indicator o f Interactions between 
small cetaceans and fisheries. Western Indian Ocean Journal o f 
Marine Science, Vol. 7, No. 2, pp. 185-193.

Klszka, J., M u ir , C., Poonlan, C., Cox, TM ., A m ir , OA., Bourjea , 
J., Razaflndrakoto, Y., W a m b ljl, N., Bristol, N. 2008a. Marine 
Mammal Bycatch In the Southwest Indian Ocean: Review and 
Need fo ra  Comprehensive Status Assessment. Western Indian 
Ocean Journal o f Marine Science, Vol. 7, No. 2, pp. 119-136.

Klszka, J., Muir, C., Jamon, A., 2007b. Status o f a marginal dugong 
(Dugong dugon) population In the lagoon o f Mayotte (Mozambique 
Channel), In the w estern Indian Ocean. Western Indian Ocean 
Journal o f  Marine Science, Vol. 6, No. 1, pp. 111 -1 16 .

Klszka, J., Ersts, P.J., Rldoux, V., 2007a. Cetacean diversity around 
the M ozambique Channel Island o f M ayotte (Comoros 
archipelago). Journal o f Cetacean Research and Management, 
Vol. 9, No. 2, pp. 105-109.

Laffoley, D. and Langley, J. 2010. The Bahrain Action Plan fo r 
Marine W orld Heritage. Identifying Priorities fo r Marine World 
Heritage and Enhancing the Role o f the W orld Heritage 
Convention in the IUCN WCPA Marine Global Plan o f Action for 
MPAs in our Oceans and Sea. Switzerland: IUCN.

Lauret-Stepler, M., Bourjea, J., Roos, D., Pelletier, D., Ryan, P., 
CIcclone, S. and Grlzel, H. 2007. Reproductive seasonality and 
trend o f Chelonia mydas In the SW Indian Ocean: a 20 year 
study based on track counts. Endangered Species Research,
Vol. 3, pp. 217-227.

Laws, R. M. 1985. The ecology o f the Southern ocean. Am Sei, 
Vol. 73, pp. 26-40.

Leatherwood, S., Donovan, GP. 1991. Cetaceans and cetacean 
research In the Indian Ocean sanctuary. In: Cetaceans and 
cetacean research in the Indian Ocean sanctuary. Marine 
Mammal Technical Report No. 3. Nairobi: UNEP.

Leatherwood, S., Peters, C.B., Santerre, R., Santerre, M. and 
Clarke, J.T. 1984. Observations o f  cetaceans in the Northern 
Indian Ocean Sanctuary November 1980-May 1983. Report o f 
the International W haling Commission, Vol. 34, pp. 509-520.

Leblgre, J. M. 1990. Les marais maritime de Gabon et de Madagascar. 
Contribution géographigue à l'étude d'un milieu naturel tropical. 
Livre 1-2-3. Thèse de doc to ra t d 'é ta t. In s titu t de géographie , 
Université de Bordeaux III.

Le Corre, M., and Bemanaja, E. 2009. Discovery o f tw o  major seabird 
colonies In Madagascar. Marine Ornithology, Vol. 37, pp. 153-158. 
Le Corre, M. L. and Cebe, P. J. 2008. Geographical variation In the 
W hite-tailed Troplcblrd Phaethon lepturus, w ith  the description o f 
a new subspecies endemic to  Europa Island, southern Mozambique 
Channel. Ibis, Vol. 141, No. 2, pp. 233-239

Le Corre, M., Jaeger, A ., PInet, P., Kappes, M A., Welmersklrch,
H., Catry, T., Ramos, JA., Russell, JC., Shah, N. and Jaquemet, S. 
2012. Tracking seabirds to  Identify potentia l Marine Protected 
Areas In the tropical western Indian Ocean. Biological 
Conservation dol: 10.1016/j.b locon.2011.11.01 5



Assessing Marine World Heritage from an Ecosystem Perspective: The Western Indian Ocean

Le Corre, M., Jaquemet, S. 2005. Assessment o f the seabird 
com m unity o f the M ozambique Channel and Its potentia l use as 
an Indicator o f tuna abundance. Estuarine Coastal and Shelf 
Science, Vol. 63, pp. 421-428.

Longhurst, A. 1998. Ecological geography o f the sea. Academic 
Press, San Diego. Vol. 398, pp. 79 -95 .

Lutjeharms, J. R. E. 2006. The coastal oceans o f south-eastern 
Africa (15,W). TheSea, Vol. 14B, editors: A. R. Robinson and K.
H. Brink, Harvard University Press, Cambridge, MA, pp. 783-834.

McCarthy, Sweeney e t al. 1994. Mnazi Bay Generation Scheme: 
Environmental Assessment (Draft). McCarthy, Sweeney and 
Harkaway, Acres International Ltd, M inistry o f Water, Energy and 
Minerals, United Republic o f Tanzania.

McClanahan, T. R., A teweberhan, M., O m ukoto, J. and Pearson, 
L. 2009. Recent seawater tem perature histories, status, and 
predictions fo r Madagascar's coral reefs. Marine Ecology Progress 
Series, Vol. 380, pp. 117-128.

McClanahan, T. R. 2007. Testing fo r correspondence between coral 
reef Invertebrate diversity and marine park designation on the 
Masoala Peninsula o f eastern Madagascar. Aguatic Conservation- 
Marine and Freshwater Ecosystems, Vol. 17, pp. 409-419.

McClanahan, T.R, Ateweberhan, M., M uhando, C., Marna,
J., M oham m ed, S. M. 2007. Effects o f climate and seawater 
tem perature variation on coral bleaching and mortality. Eco!. 
Monogr. Vol. 77, pp. 503-525.

McKenna, S.A. and Allen, G. R. 2005. A Rapid Marine 
Biodiversity Assessment o f  Northwest Madagascar. Bulletin 
o f the Rapid Assessment Program, Vol. 31, W ashington DC: 
Conservation International.

McLeod, E. and Salm, Rodney, V. 2006. Managing Mangroves 
for Resilience to Climate Change. Gland, Switzerland: IUCN

Maharavo, J., Oliver, T. A. and Rabearlsoa A. (In press.) A  Rapid 
Marine Biodiversity Assessment o f Northeast Madagascar. 
Antananarivo, Madagascar: Conservation International.

Marna. J., Venus V., McClanahan, T.R., A teweberhan, M. 2008. 
Modelling susceptibility o f coral reefs to  environm ental stress 
using remote sensing data and GIS models In the western Indian 
Ocean. Ecological Modelling, Vol. 212, pp. 180-199.

Marna, J. and Obura, D. 2008. Climate change: Spatial data for 
Coastal and Marine Ecosystem Vulnerability Assessments in 
Madagascar. Antananarivo, Madagascar: WWF, Cl.

Marsh, H. and Lefebvre, L.W. 1994. Slrenlan status and conservation 
efforts. Aguatic Mammals. Vol. 20, No 3, pp. 155-170.

Marsh, H., Penrose, H., Eros, C. and Hughes, J. 2001. Dugong 
Status Report and Action Plans for Countries & Territories. UNEP, 
IUCN.

Marshall, A.D., Dudgeon, C .L., Bennett, M.B. 2011. Size and 
structure o f a photographically Identified population o f manta 
rays Manta alfredi In southern Mozambique. Marine Biology,
Vol. 158, No. 5, pp. 1111-1124

Marshall, N.T., Barnett, R. 1996. Shark fisheries and trade in the 
western Indian and southeast Atlantic oceans. The w orld  trade In 
sharks, a com pendium  o f Traffic's regional studies. Vol. 1-2, 
pp. 323-455

Maugé, L.A., Segoufln, J., Vernier, E., Fraget, C. 1982. 
Géomorphologie e t orig ine des bancs du Nord-est du Canal du 
Mozambique -  Océan Indien occidental. Marine Geology,
Vol. 47, pp. 37 -55 .

Message, S. and Taylor, D. 2005. Waders o f  Europe, Asia and 
North America. Christopher Helm London.

M eyerhoff, A. A. and Kamen-Kaye, M. 1981. Petroleum 
prospects o f Saya de Malha and Nazareth Banks, Indian Ocean. 
American Association o f Petroleum Geologists Bulletin, Vol. 65, 
pp. 1344-1347.

Mllchakova, N.A., Phillips, R.C. and Ryaboglna, V.G. 2005. New 
data on the locations o f seagrass species In the Indian Ocean. 
Atoll Research Bulletin, No. 537, pp. 179-187.

Mortimer, J.A., Camille, J.-C., and Boniface, N. 2011. Seasonality 
and status o f nesting hawksblll (Eretmochelys imbricata) and 
green turtles (Chelonia mydas) at D'Arros Island, Am lrantes 
Group, Seychelles. Chelonian Conservation and Biology, Vol. 10, 
No 1, pp. 26 -33 .

Mortimer, J.A., von Brandis, R.G., Llljevlk, A ., Chapman, R, and 
Collie, J. 2011. Fall and rise o f nesting green turtles (Chelonia 
mydas) at A ldabra A to ll, Seychelles: Positive response to  fou r 
decades o f protection (1968-2008). Chelonian Conservation 
and Biology, Vol. 10, No 2, pp. 165-176.

Mortimer, J.A. 2004. Seychelles Marine Ecosystem Management 
Project (SEYMEMP): Turtle Component. Final Report, Vol. 1, 
pp. 243 and Vol. 2, pp. 158.

Mortimer, J.A. and Bresson, R. 1999. Temporal d istribution and 
periodicity In hawksblll turtles (Eretmochelys Imbricata) nesting at 
Cousin Island, Republic o f Seychelles, 1971-1997. Chelonian 
Conservation and Biology, Vol. 3, No 2, pp. 292-298.

Mortimer, J.A. and Balazs, G. H. 1999. Post nesting m igration o f 
hawksblll turtles In the granitic Seychelles and Implications fo r 
conservation. Proceedings o f the 19th Annual Symposium o f  Sea 
Turtle Biology and Conservation, NOAA Technical M emorandum 
NMFS-SEFSC 443, pp. 22-26.

M ortim er, J.A. 1998. Turtle & Tortoise Conservation. Project J i:  
Environmental Management Plan o f the Seychelles. Final report to  
the Ministry o f Environment Republic o f Seychelles and the Global 
Environment Facility (GEF), Vol. 1, pp. 82 and Vol. 2A, pp. 1-50.

Mortimer, J.A. 1988. Green tu rtle  nesting at A ldabra A to ll 
population estimates and trends. Bull Biol. Soc. Wash. Vol. 8,
pp. 116-128.

Mortimer, J.A. 1984. Marine Turtles in the Republic o f Seychelles: 
Status and Management. Gland, Switzerland: IUCN Conservation 
Library

Muhando, C., M ndeme Y., et al. 1999. Mnazi Bay-Ruvuma 
Estuary Proposed Marine Park: Environmental Assessment 
Report.



Appendices

Murray, B.C., Pendleton, L., Jenkins, W. A. and SIfleet, S. 2011. 
Green Payments for Blue Carbon -  Economic Incentives for Protecting 
Threatened Coastal Habitats. Nicholas Institute fo r Environmental 
Policy Solutions Report.

New, A .L., Stansfleid, K., Smythe-W right, D., Smeed, D.A., Evans,
A.J. and Alderson, S.G. 2005. Physical and biochemical aspects 
o f the flo w  across the Mascarene Plateau In the Indian Ocean. 
Philosophical Transactions o f the Royal Society Vol. 363, pp. 
151-168.

Newman, K., 2010. Newman's Birds o f Southern Africa.
10th edition. Capte Town: New Holland Pulblshers.

Nlkaldoa, M. et al. 2011. Genetically distinct coelacanth 
population o f the northern Tanzanian coast. Proceedings o f the 
National Academy o f  Sciences, Vol. 108, pp. 18009-18013.

Norse, E.A., Crowder, L.B., Gjerde, K., Hyrenbach, D., Roberts,
C., Safina, C. and Soule, M.E. 2005. Place-based ecosystem 
management In open ocean. In: Marine Conservation Biology: 
The Science o f Maintaining the Sea's Biodiversity. Eds. L.
C rowder and E. Norse. Island Press, W ashington, DC, 
pp. 302-327.

Nougler, J., Cantagrel, J.M., Karche, J.P. 1986. The Comoros 
archipelago In the western Indian ocean: volcanology, 
geochronology and geodynamlc setting. Journal o f African 
Earth Sciences, Vol. 5, pp. 135-145.

Obura, D. (In review). The diversity and biogeography o f Western 
Indian Ocean reef-building corals. PLoS ONE.

Obura, D. 2011. The western Indian Ocean. In: Stone, G, 
M ltterm eler R, (Eds). Oceans: the largest biome in the universe. 
C em ex/C onservation International.

Obura, D. 2012. Evolutionary mechanisms and diversity in a 
western Indian Ocean center o f  diversity. Proceedings o f the 
12th International Coral Reef Symposium, Cairns, Australia,
9 -13  July 2012.

Obura, D., DI Carlo, G., Rabearlsoa, A. and Oliver, T. (editors).
2011. A Rapid Marine Biodiversity Assessment o f the coral reefs 
o f northeast Madagascar. RAP Bulletin o f Biological Assessment, 
Vol. 61. A rlington, VA: Conservation International.

Obura, D., Chuang, Y., Olendo, M ., Am lyo, N., Church, J. E. and 
Chen, C. A. 2007. Relict Siderastrea savignyana (Scleractinia: 
Siderastreidae) In the Kiunga Marine National Reserve, Kenya. 
Zoological Studies, Vol. 46, pp. 427.

Obura, D. and Church, J. 2004. Coral Reef Monitoring in the Kiunga 
Marine National Reserve, Kenya, 1998-2003. CORDIO and WWF 
KMNR report.

Obura, D. 2004. Biodiversity Surveys o f the Coral Reefs o f the 
Mnazi B a y - Ruvuma Estuary Marine Park (MBREMP), IUCN 
EARO.

O 'Donoghue, SH., Drapeau, L., Dudley, SFJ. and Peddemors,
V.M. 2010. The KwaZulu-Natal sardine run: shoal d istribution In 
relation to  nearshore environmental conditions, 1997-2007. 
African Journal o f Marine Science, Vol. 32, No. 2, pp. 293-307.

O 'Donoghue, SH., W h itting ton , PA., Dyer, BM and Peddemors, 
V.M. 2010. Abundance and d istribution o f avian and marine 
mammal predators o f sardine observed during the 2005 
KwaZulu-Natal sardine run survey. African Journal o f  Marine 
Science, Vol. 32, No. 2, pp. 361-374.

Olsen, K.M. and Larsson, H.2004. Gulls o f  Europe, Asian and 
North America. Christopher Helm London.

Palastanga, V., Van Leeuwen, P.J. and De Ruljter, W.P.M. 2006. A 
link between low  frequency meso?scale eddy variability around 
Madagascar and the large?scale Indian Ocean variability. Journal 
O f Geophysical Research, Vol. 111, C09029,
Dol:1 0.1029/2 005jc003081

Parson, L. M. and Evans, A. J. 2004. Seafloor topography and 
tectonic elements o f the W estern Indian Ocean. Phil. Trans. R. 
Soc. A  Vol. 363, pp. 1 5-24.

Payet, R. 2005. Research, assessment and management on the 
Mascarene Plateau: a large marine ecosystem perspective. Phil. 
Trans. R. Soc. 363, pp. 295-307.

Pichón, M. 2008. Les récifs coralliens et les coraux dans le sud- 
ouest de l'océan indien. Unpublished report fo r RAMP-COI, 
pp. 27 + Annexes.

Plante, R., Frlcke, H. and Hlssmann, K. 1998. Coelacanth 
population, conservation and fishery activity at Grande Comore, 
West Indian Ocean. Mar. EcoI. Prog. Ser., pp. 166, 231-236.

Penven, P., Lutjeharms, J. R. E. and Florenchle, P. 2006. 
Madagascar: A  pacemaker fo r the Agulhas Current system? 
Geophysical Research Letters, Vol. 33.

Peddemors, V. M. 1999. Delphlnlds o f southern Africa: a review 
o f the ir distribution, status and life history. Journal o f  Cetacean 
Research, Vol. 1, No. 2, pp. 157-165.

Primavera, J.H. 1997. Socioeconomic Impacts o f shrimp culture. 
Aguacult. Res. 28, pp. 815-827.

Quod, J.P., Barrère, A ., Chabanet, P., Durvllle, P., Nlcet, J.B. and 
Garnier, R. 2007. La situation des récifs coralliens des îles Éparses 
françaises de l'océan Indien. Rev. Écol. (Terre Vie), Vol. 62,
pp. 16.

RAMP-COIA. Unpublished. Regional Strategy and Action Plan for 
Conserving Marine Ecosystems & Fisheries, 2010 -  2015. Marine 
Protected Areas Network o f IOC Countries (RAMP/MPAN) IOC 
Project M anagement Unit, WWF Madagascar and West Indian 
Ocean Programme Office.

Rabarlson, A. A.G. 1983. Estimation de la biomasse des petits 
poissons pélagigues des côtes nord de Madagascar par 
echointegration. Nosy Be: Centre National de Recherches 
Océanographiques.

Rajan S., A nju Tlwary & Dhananjal Pandey (undated) The Deccan 
Volcanic Province: Thoughts about Its genesis. National Centre 
fo r Antarctic & Ocean Research. www.m antleD lum es.ora

Randall, J. E. 1998. Zoogeography o f shore fishes o f the Indo- 
Paclflc region. Zoological Studies, Vol. 37, No, pp. 227-268.

http://www.mantleDlumes.ora


Assessing Marine World Heritage from an Ecosystem Perspective: The Western Indian Ocean

Razaflndrakoto, Y., Rosenbaum, H., Ersts, P., Pomllla, C., 
Rasoamamplanlna, V., Cerchlo, S., Dushane, J., Murray, A ., 
Rakotosamlmanana, T. 2010. Mammifères marins de la baie 
d'Antongil. W ild life  Conservation Society. Unpublished report.

Remle, S. and Mortimer, J.A. 2007. First records o f olive rldley 
turtles (Lepidochelys olivacea) In Seychelles. Marine Turtle 
Newsletter, No 117, pp. 9.

Richmond, M.D. 2011. A  Field Guide to  the Seashores o f Eastern 
Africa and the Western Indian Ocean Islands. Sida-WIOMSA.

Richmond, M. D. 2001. The marine biodiversity o f the western 
Indian Ocean and its biogeography: How much do we know? 
Richmond M.D. and Francis, J. (eds.) pp. 241-262

Rldderlnkhof, H., van der W erf, P. M., Ullgren, J. E., van Aken, H. 
M., van Leeuwen, P. J. and de Ruljter, W. P. M. 2010. Seasonal 
and Interannual variability In the M ozambique Channel from  
moored current observations, Journal o f geophysical research, 
Vol. 115, No C6.

Roberts, C. M., McClean, C.J., Veron, J. E. N., Hawkins, J. P., 
A llen, G. R., McAllister, D.E., M lttermeler, C. G., Schueler, F. W., 
Spalding, M., Wells, F., Vynne, C., Werner, T.B. 2002. Marine 
biodiversity hotspots and conservation priorities fo r tropical reefs. 
Science, Vol. 295, pp. 1280-1284.

Romanov, E. V., Bach, P., Rabearlsoa, N., Rabehagasoa, N., Filippi, 
T. and Romanova, N. 2010. Pelagic elasmobranch diversity and 
abundance in the Indian Ocean: an analysis o f long-term trends 
from research and fisheries longline data. The Indian Ocean Tuna 
Commission (IOTC-2010-WPEB-16)

Rosen, B. R. 1971. The distribution o f reef coral genera In the 
Indian Ocean. Regional Variation in Indian Ocean Coral Reefs. 
Symposium Zoological Society o f London, No 28, London : 
Academic Press

Rosenbaum, H., Walshm P., Razaflndrakoto, Y, Vely, M ., DeSalle, 
R. 1997. First description o f a humpback w hale w intering 
ground In Bale d 'A n tong il, Madagascar. Conservation Biology,
Vol. 11, pp. 312-314.

Rowat, D., Speed, C.W., Meekan, M.G., Gore, M. A ., Bradshaw,
C. J. A. 2009. Population abundance and apparent survival of 
the vulnerable whale shark Rhincodon typus In the Seychelles 
aggregation. Oryx, Vol. 43, No 4, pp. 591-598.

Rowat, D. 2007. Occurrence o f the whale shark (Rhincodon 
typus) In the Indian Ocean: a case fo r regional conservation. 
Fisheries Research, Vol. 84, pp. 96-101.

Saji, N. H., Goswaml, B. N. , V lnayachandran, P. N. and 
Yamagata, T. 1999. A  dipole In the tropical Indian Ocean,
Nature, 401, pp. 360-363.

Samollys, M.A., Ndagala, J., Macharla, D., da Silva, I. Mucave, S. and 
Obura, D.O. 2011. A  rapid assessment o f coral reefs a t M etundo 
Island, Cabo Delgado, northern Mozambique. In: Obura, D.O. and 
Samollys, M .A. (Eds). CORDIO Status Report 2011. CORDIO East 
Africa.

Schott, F., Xle, S.P. and McCreary, J.P. 2009. Indian Ocean 
circulation and climate variability. Reviews o f Geophysics, Vol. 47, 
pp. 1-46.

Scott, L.E.P. 2006. A  Geographic Inform ation System fo r the 
African Coelacanth Ecosystem Programme. South African Journal 
o f Science, Vol. 102, pp. 47 5 -47 8

Schott, F. A. and McCreary Jr., J. P. 2001. The monsoon 
circulation o f the Indian Ocean. Prog. Oceanogr., Vol. 51, 
pp. 1 - 1 2 3 .

Sheppard, C.R.C. 2000. Coral Reefs o f the Western Indian 
Ocean. In: Coral Reefs o f  the Indian Ocean, Their Ecology and 
Conservation, McClanahan, T.R., Sheppard, C.R.C. and Obura,
D.O. (Eds). Oxford Univ. Press., pp. 3 -38 .

Sheppard, C.R.C. 1987. Coral species o f the Indian Ocean and 
adjacent seas: a synonymlzed com pilation and some regional 
distributional patterns. A to ll Research Bulletin, Vol. 307, 
pp. 1-33.

Short, F.T., Carruthers T., Dennison, W. and W aycott, M. 2007. 
Global Seagrass Distribution and Diversity: A  bloreglonal Model. 
Journal o f  Experimental Marine Biology and Ecology, Vol. 350, 
pp. 3 -20 .

Sinclair, I. and Ryan, P. 2011. Birds o f  Africa: South o f  the Sahara. 
Cape Town: C. Struik.

Sinclair, I., Hockey, P. and Tarboton, W. 2002. SASOL Birds o f 
Southern Africa. Cape Town: New Holland Publishers.

Slrenews. 2001. Dugongs at Aldabra. Number 36. 
http://www.slrenlan.org/slrenews.htm l

Smith, J.L.B. 1939. A  living fish o f the Mesozoic type.
Nature 143, pp. 455-456.

Smith, J.L.B. 1953. The second coelacanth. Nature 171, 99-101.

Smith, J.L.B. 1956. Old Four legs: The Story o f the Coelacanth. 
Longmans, Green, London.

Soothlll, E. and Soothlll, R. 1982. Wading Birds o f the World. 
Blanford Press.

Spalding, M. 2012. Marine World Heritage: Toward a 
representative, balanced and credible World Heritage List. Report

Spalding, M. D., Fox, H.E., A llen, G.R., Davidson, N., Ferdana, Z.A., 
Flnlayson, M., Halpern, B.S., Jorge, M.A., Lombana, A.L. and Lourle, 
S.A. 2007. Marine ecoreglons o f the w orld : a bloreglonallzatlon 
o f coastal and shelf areas. BioScience, Vol. 57m, pp. 573-583.

Spalding, M.D., Ravlllous, C. and Green, E.P. 2001. World Atlas 
o f Coral Reefs. UNEP-WCMC/U. California Press, Berkeley, USA.

Spalding, M.D., Kalnuma, M. and Collins, L. 2010. World Atlas o f  
mangroves, pp. 319.

Stefanl, F., Benzoni, F., Yang, S.Y., Pichón, M ., Galli, P. and Chen, 
C.A. 2011. Comparison o f morphological and genetic analyses 
reveals cryptic divergence and m orphological plasticity In 
Stylophora (Cnidaria, Scleractinia). Coral Reefs, Vol. 30, No. 4.

Stevenson T., and Fanshawe, J. 2004. A field guide to the Birds 
o f East Africa. 4th edition. Christopher Helm London.

TAAF/RNF. 2010. Plan de gestion de la Réserve naturelle des Terres 
australes françaises 2011-2015.

http://www.slrenlan.org/slrenews.html


Appendices

Taquet, C. and Grizel, H. 2007. Phylogéography o f the green 
turtle , Chelonia mydas, In the southwest Indian Ocean.
Molecular Ecology, Vol. 16, pp. 175-186.

Ternon, J.F., Barlow, R., Huggett, J., Kaehler, S., Marsac,
F., Ménard, F., Potier, M. and Roberts, M. 2012. An overview of 
recent field experiments on the ecosystem's mesoscale signature 
In the M ozambique Channel: from  physics to upper trophic 
levels. In prep.

Thomassln, B.A., Arnoux, A ., Coudray, J., Fraget, C., Gout,
B., Kouyoumontzakls, G., Masse, J.P., Reyre, Y., Reys, J.P. and 
Vacelet, E. 1989. The current sedim entation In M ayotte lagoon 
(Island volcanic barrier reef, SW Indian Ocean) and Its recent 
developm ent In conjunction w ith  terrlgeneous Input. Bulletin de 
la Société Géologigue de France, Vol. 8(5), pp. 1235-1251.

Tom linson, P.B. 1986. The botany o f  mangroves. C am bridge 
University Press.

United Nations Environment Programme. 1994. Assessment and 
monitoring o f climatic change impacts on mangrove ecosystems. 
UNEP Regional Seas Reports and Studies. Report no. 154.

UNESCO. 2008. Operational Guidelines for the Implementation 
o f the World Heritage Convention. United Nations Educational, 
Scientific And Cultural Organisation, Intergovernmental 
Com m ittee For The Protection Of The W orld Cultural And 
Natural Heritage

Uku, J., Ndlrangu, S., M utham a, C., Klmathl, A. and Kllonzl,
J. 2007. An evaluation o f the effect o f  sea urchin herbivory in 
the Diani-Chale lagoon: recovery potential o f the seagrass 
habitat Preliminary Report II. A  KMFRI/CORDIO collaborative 
project report.

Van der Ungen, C .D., Coetzee, J.C. and Hutchings, L. 2010. 
Overview o f the KwaZulu-Natal sardine run. African Journal 
o f Marine Science, Vol. 32(2), pp. 271-277.

Veron, J.E.N. 2000. Corals o f the World. Townsville, Australia: 
Australian Institute o f Marine Science.

Wafar, M., Venkataraman, K., Ingole, B., Khan, S. A. and 
LokaBharathl, P. 2011. State o f Knowledge o f Coastal and 
Marine Biodiversity o f Indian Ocean Countries. PLoS ONE,
Vol. 6(1).

Wagner, G.M ., Akw llapo, F.D., Mrosso S., Uloml, S. and Maslnde, 
R. 2004. Assessment o f Marine Biodiversity, Ecosystem Health 
and Resource Status in Mangrove Forests in Mnazi Bay-Ruvuma 
Estuary Marine Park (MBREMP). Final report subm itted to  IUCN- 
EARO, The W orld Conservation Union Eastern A frica Regional 
Office.

Watson, G.E., Zusl, L.R. and Storer, R.E. 1963. Preliminary field 
guide to birds o f  the Indian Ocean, Smithsonian Institution.

Wells, S., C. Ravllous, and E. Corcoran. 2006. In the fron t line: 
Shoreline protection and other ecosystem services from mangroves 
and coral reefs. C am bridge, UK: United Nations Environm ent 
Programme, W orld Conservation M onitoring Centre.

W ickel, J., Jamon, A., Klszka, J., Layssac, K., Nlcet, J.B.,
Sauvlgnet, and H., Seret, B. 2010. Structure des communautés 
de reguins et autres poissons prédateurs des bancs récifaux de 
Geyser, Zélée et Iris (Canal de Mozambigue). Rapport du Groupe 
de Recherche sur les Requins -  Océan Indien (MAYSHARK) pour 
la Direction de l'Agricu lture e t de la Forêt de Mayotte.

W ickel, J., Jamon, A. and Klszka, J. 2009a. Structure des 
communautés de reguins des complexes récifo-iagonaires 
d'Europa et de Juan de Nova (¡les éparses), Canal de 
Mozambigue. Rapport du Groupe de Recherche sur les Requins -  
Océan Indien (MAYSHARK) pour la Préfecture des Terres 
Australes et Antarctiques Françaises.

W ickel, J., Jamon, A., Klszka, J., Nlcet, J .-B., Sauvlgnet, H., Seret,
B. and Layssac, K. 2009b. Structure des communautés de 
reguins et autres poissons prédateurs des bancs récifaux de 
Geyser, Zélée et Iris (Canal de Mozambigue). Rapport du Groupe 
de Recherche sur les Requins -  Océan Indien (MAYSHARK) pour 
la Direction de l'Agricu lture e t de la Forêt de Mayotte.

W ickel, J., Jamon, A., and Klszka, J. 2009. Structure des 
communautés de reguins des complexes récif o-iagon aires 
d'Europa et de Juan de Nova (¡les éparses), Canal de 
Mozambigue. Rapport du Groupe de Recherche sur les Requins -  
Océan Indien (MAYSHARK) pour la Préfecture des Terres 
Australes et Antarctiques Françaises.

W llk le , M.L. and S. Fortuna, (eds.). 2003. Status and trends in 
mangrove area extent worldwide. Rome: Food and A gricu ltu re  
O rganization o f the United Nations, Forest Resources Division. 
(Forest Resources Assessment W orking Paper No. 63).

W ilkinson, C . 2008. Status o f Coral Reefs o f the World: 2008. 
Townsville, Australia: Australian Institute o f Marine Science.

W ilkinson, C . 2004. Status o f Coral Reefs o f the World: 2004. 
Townsville, Australia: Australian Institute o f Marine Science.

W ilkinson, C. 2000. Status o f Coral Reefs o f  the World: 2000. 
Townsville, Australia: Australian Institute o f Marine Science.

W orld Heritage Comm ittee. 1994. Global Strategy for a 
Representative, Balanced and Credible World Heritage List. 
http://whc.unesco.org/en/globalstrategy.

WWF Eastern A frican Marine Ecoreglon. 2004. The Eastern 
African Marine Ecoregion Vision: A large scale conservation 
approach to the management o f biodiversity. Dar es Salaam, 
Tanzania: WWF.

WWF. 2011. The Saya de Malha Banks factsheet. WWF 
Madagascar Marine Programme

ZICOMA (ZONE IMPORTANTE POUR LA CONSERVATION DES 
OISEAUX À  MADAGASCAR). 2001. Madagascar. In: Flshpool, 
L.D.C. and Evans, M.l. (eds.). 2001. Important Bird Areas in 
Africa and Associated Islands: Priority Sites for Conservation. 
Newbury and Cambridge, UK: Pisces Publications and BlrdLlfe 
International (BlrdLlfe Conservation Series N° 11 ), pp. 489-537.

Zimmerman, D.A., Turner, D.A. and Pearson, D.J. 2001. Field 
Guide to the Birds o f Kenya and Northern Tanzania. 2d edn. 
Christopher Helm, London, 576 pp.

http://whc.unesco.org/en/globalstrategy


Assessing Marine World Heritage from an Ecosystem Perspective: The Western Indian Ocean

Workshop participants and experts

State W orld Heritage Focal Point
1 MANGCU Chumani South Africa
2 CHUTTAN Fa reed Mauritius
3 MACAMO Solange Laura Mozambique
4 MARO E. Ellwasa Tanzania
5 DEXCIDIEUX Laure La Reunion
6 NJOGU G. James Kenya

Site Managers
7 FLEISCHER DOGLEY Frauke Seychelles
8 ZALOUMIS/Andrew South Africa

Project Team
9 DEBONNET Guy France

10 DOUVERE Fanny France
11 OBURA David Kenya
12 GABRIE Catherine France
13 CHURCH Julie Kenya
14 ODIDO Mika Belgium
15 MEES Jan Belgium
16 HERNANDEZ Francisco (Tjess) Belgium

Marine Ngo
17 ANDREWS Tim Tanzania
18 RALISON Harifidy Madagascar

Marine Scientists
19 MARTINEZ Carole France
20 HUSSEY Nigel Canada
21 COLLIN Gerard France
22 RICHMOND Matt Tanzania
23 MACIA Adriano Mozambique
24 MORTIMER Jeanne A. USA
25 LE CORRE Mathieu Reunion
26 BIGOT Lionel Reunion
27 CHABANET Pascale Reunion
28 CERCHIO Salvatore USA
29 STAUB Francis France
30 GRAVIER BONNET Nicole Reunion
31 BOURJEA Jerome Reunion
32 LAGABRIELLE Erwaan Reunion
33 TERNON Jean-Françols Reunion
34 QUOD Jean-Pascal Reunion

Hosts
35 RADJASSEGARANE Soudjata Reunion
36 PROVOT Laurence Reunion

Other Participants:
37 POTHIN Karine Reunion
38 LATREILLE Catherine Reunion
39 TARNUS Gisèle Reunion
40 MARGUERITE Eric Reunion
41 THIERY Gwenaelle Reunion
42 RANJATO Andrlamla Reunion
43 RIBES Sonia Reunion
44 DENIS Bertrand Reunion
45 RAI M BAU LT Jerome Reunion
46 MARTEAU Cedric Reunion

Other consulted experts
47 ADBULLA Ameer
48 COCKROFT Vic
49 KISZKA Jeremy
50 SAMOILYS Melita
51 WANLESS Ross



Workshop agenda

Appendices

Day 1

Tuesday,14 February 2012 
Location: Regional Council o f La Reunion (Hôtel de Région, hemiciclo)

16.00 R eg istra tion  o f pa rtic ipan ts

17.00 W elcom e and O pen ing  rem arks
M r Guy Debonnet, Programme Specialist, W orld Heritage Centre 
Ms Marylene Hoarau, Director, Parc national de La Reunion (TBC)
M r Didier Robert, President o f  Région Réunion (TBC)

17.45 In tro d u c tio n  o f th e  pa rtic ip an ts
18.30 Purpose and In tro d u c tio n  to  th e  Ind ian Ocean p ro je c t fo r  m arine  W o rld  H eritage

Dr Fanny Douvere, Coordinator, UNESCO W orld Heritage Marine Programme, W orld Heritage Centre

19.00 O pen ing  reception

Day 2

W ednesdays 5 February 2012 
Location: Regional Council o f La Reunion (Dom aine de M oka)

09.30 W orld  Heritage Convention fo r  ocean conserva tion : A n  in tro d u c tio n
Dr Fanny Douvere, Coordinator, UNESCO W orld Heritage Marine Programme, W orld Heritage Centre, Paris

10.00 In tro d u c tio n  to  th e  c rite ria  and requ irem en ts  o f O u ts ta nd ing  Universal V a lue un de r th e  1972
W orld  Heritage Convention
Mr Guy Debonnet, Programme Specialist, W orld Heritage Centre

10.30 Q uestions and Discussions

11.00 Tea/Coffee Break

11.30 Sharing experiences fro m  A ld ab ra  A to ll,  m arine  W o rld  H eritage  site
Ms Frauke Flelscher-Dogley, Chief Executive Officer, Aldabra Atoll, Seychelles

12.00 In tro d u c tio n  to  th e  reg io na l com p ara tive  assessment o f p o te n tia l areas w ith  O u ts ta nd ing  Universal
V a lue in th e  Ind ian  Ocean
Dr David Obura, Project Coordinator, CORDIO East Africa

O verv iew  o f th e  w o rk  and o u tp u ts  -  5 m in 
Preview  o f Day 3

12.30 Q uestions and Discussions
13.00 Lunch break

14.30 W o rld  H e ritag e  de s ig na tio n : A  p o te n tia l fo r  susta inab le  de ve lo p m e n t and p o ve rty  red uc tio n
Mr Andrew Zaloumls, Chief Executive Officer, ISImangallso Wetland Park, South Africa

15.00 W eb-based data su p p o rt to o l fo r  States Parties fo r  s ite n o m in a tio n
Dr Jan Mees /  Dr Francisco Hernandez, Flanders Marine Institute, Belgium

15.30 Q uestions and Discussions
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16.00 Tea/Coffee Break

16.30 UNESCO-IOC -  Ocean Data and In fo rm a tio n  fo r  Susta inable D e ve lopm en t Areas in A frica : ODIN 
AFRICA
Dr Mika Odido, regional activities coordinator, Intergovernmental Oceanographic Commission

17.00 Discussions and conclusions o f Day 2 
P repara tions fo r  Day 3

17.30 Closing

Day 3

Thursday, 16 February 2012 
Location: Regional Council o f La Reunion (Dom aine de M oka)

09.00 W elcom e and rev iew  th e  ove rv ie w  o f Day 2
Dr Fanny Douvere, Coordinator, UNESCO W orld Heritage Marine Programme, W orld Heritage Centre, Paris

09.30 P resentation o f th e  fin d in g s  fro m  baseline reg iona l com p ara tive  assessment
Dr David Obura, Coordinator, CORDIO East Africa

10.30 M arine  expe rt discussion "W here we have g o t to "  (1 hour)
Dr David Obura, Dr. Catherine Gabrle, Julie Church

PRESENTATION o f the findings from baseline regional comparative assessment

INDIVIDUAL W ORK -  validation o f Information -  20 mlns
■ w hat are we missing fo r your taxa /area -  on features and sites
■ more in fo  fo r the sites we have identified -  description, OUV, integrity, threats/management
■ w hat o ther sites -  have we missed any specific site in the WIO
■ additional sources/references, maps databases -  other experts i f  there are inform ation gaps

GROUP W ORK -  thematic (specles/habltats/processes).
■ cross reference individual work
■ validation and gap analysis o f  p rio rity  sites
■ comments on prio r regionalizationsi  prioritizations
■ W hat has been le ft out? Justification
■ emerging issues fo r the region tha t may influence/impact po tentia l WH marine sites

PLENARY -  reportlng/cross-referencing o f group work
■ presentation o f  each group results
■ cross-referencing o f  group work

16:00 P resentation o f th e  results o f th e  reg iona l com p ara tive  assessment
Dr David Obura, Coordinator, CORDIO East Africa

16:15 Discussion: Next Steps, w ith  th e  W o rld  H e ritage  Focal Points

17:45 C losing rem arks and end o f th e  m ee ting
Dr Fanny Douvere, Coordinator, UNESCO W orld Heritage Marine Programme, W orld Heritage Centre, Paris
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Published within the 
World Heritage Series

W orld H eritage  1TI cl M U 1 Managing Tourism at World Heritage Sites: 
a Practical Manual for World Heritage Site Managers 
Gestion del turismo en sitios del Patrimonio Mundial:
Manual práctico para administradores de sitios del Patrimonio Mundial
( I n  E n g l is h )  N o v e m b e r  2 0 0 2 ;  ( I n  S p a n is h )  M a y  2 0 0 5

W orld H eritage  p 3 p € T Investing in World Heritage: Past Achievements, Future Ambitions
( I n  E n g l is h )  D e c e m b e r  2 0 0 2

W orld H eritage  TCpOTl Periodic Report Africa 
Rapport périodique pour l'Afrique
( I n  E n g l is h  a n d  F r e n c h )  A p r i l  2 0 0 3

W orld H eritage  p 3 p € T□ Proceedings of the World Heritage Marine Biodiversity Workshop, 
Hanoi, Viet Nam. February 25-March 1, 2002
( I n  E n g l is h )  M a y  2 0 0 3

W orld H eritage  p 3 p 6 T Identification and Documentation of Modern Heritage
( I n  E n g l is h  w i t h  t w o  p a p e r s  in  F r e n c h )  J u n e  2 0 0 3

W orld H eritage  p 3 p 6 T World Heritage Cultural Landscapes 1992-2002
( I n  E n g l is h )  J u l y  2 0 0 4

W orld H eritage  p 3 p 6 TB Cultural Landscapes: the Challenges of Conservation 
Proceedings from the Ferrara workshop, November 2002
( I n  E n g l is h  w i t h  c o n c lu s io n s  a n d  r e c o m m e n d a t io n s  in  F r e n c h )  A u g u s t  2 0 0 4

W orld H eritage  p a p e r ^ * ^  Mobilizing Young People for World Heritage
Proceedings from the Treviso workshop, November 2002 
Mobiliser les jeunes pour le patrimoine mondial 
Rapport de l'atelier de Trévise, novembre 2002
( I n  E n g l is h  a n d  F r e n c h )  S e p t e m b e r  2 0 0 3
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W orld H eritage  papers Partnerships for World Heritage Cities - Culture as a Vector for Sustainable Urban
Development. Proceedings from the Urbino workshop, November 2002
( I n  E n g l is h  a n d  F r e n c h )  A u g u s t  2 0 0 4

W orld H eritage  papers Monitoring World Heritage
Proceedings from the Vicenza workshop, November 2002
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Rapports périodiques et programme regional - Etats Arabes 2000-2003
( I n  E n g l is h  a n d  F r e n c h )  J u n e  2 0 0 4

W orld H eritage  report The State of World Heritage in the Asia-Pacific Region 2003 
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W orld H eritage  report World Heritage at the Vth IUCN World Parks Congress 
Durban (South Africa), 8 -17  September 2003
( I n  E n g l is h )  D e c e m b e r  2 0 0 5

W orld H eritage  reports Promouvoir et préserver le patrimoine congolais
Lier diversité biologique et culturelle 
Promoting and Preserving Congolese Heritage 
Linking biological and cultural diversity
( I n  F re n c h  a n d  E n g l is h )  D e c e m b e r  2 0 0 5



Published within the World Heritage Series

W orld H eritage  reports Periodic Report 2004 -  Latin America and the Caribbean
Rapport périodique 2004 -  Amérique Latine et les Caraïbes 
Informe Periódico 2004 -  América Latina y el Caribe
( I n  E n g l is h ,  F re n c h  a n d  S p a n is h )  M a r c h  2 0 0 6

W orld H eritage  reports Fortificaciones Americanas y la Convención del Patrimonio Mundial
American Fortifications and the World Heritage Convention
( I n  S p a n is h  w i t h  t h e  f o r e w o r d ,  e d i t o r i a l ,  p r o g r a m m e ,  o p e n in g  c e r e m o n y  a n d  s e v e n  p a p e r s  i n  E n g l is h )  

D e c e m b e r  2 0 0 6

W orld H eritage  report Periodic Report and Action Plan -  Europe 2005-2006  
Rapport périodique et plan d'action -  Europe 2005-2006
( I n  E n g l is h  a n d  F r e n c h )  J a n u a r y  2 0 0 7

W orld H eritage  report World Heritage Forests
Leveraging Conservation at the Landscape Level
( I n  E n g l is h )  M a y  2 0 0 7

W orld H eritage  reports Climate Change and World Heritage
Report on predicting and managing the impacts of climate change on World 
Heritage and Strategy to assist States Parties to implement appropriate 
management responses 
Changement climatique et patrimoine mondial
Rapport sur la prévision et la gestion des effets du changement climatique sur le 
patrimoine mondial et Stratégie pour aider les États parties à mettre en œuvre 
des réactions de gestion adaptées
( I n  E n g l is h  a n d  F r e n c h )  M a y  2 0 0 7

W orld H eritage  papers Enhancing our Heritage Toolkit
Assessing management effectiveness of natural World Heritage sites
( I n  E n g l is h )  M a y  2 0 0 8

W orld H eritage  papers L'art rupestre dans les Caraïbes
Vers une inscription transnationale en série sur la Liste du patrimoine mondial 
de l'UNESCO
Rock Art in the Caribbean
Towards a serial transnational nomination to the UNESCO World Heritage List 
Arte Rupestre en el Caribe
Hada una nominarión transnadonal seriada a la Lista del Patrimonio Mundial de 
la UNESCO
( I n  F r e n c h ,  E n g l is h  a n d  S p a n is h )  J u n e  2 0 0 8

W orld H eritage  papers World Heritage and Buffer Zones 
Patrimoine mondial et zones tampons
( I n  E n g l is h  a n d  F r e n c h )  A p r i l  2 0 0 9



Assessing Marine World Heritage from an Ecosystem Perspective: The Western Indian Ocean

W orld H eritage  p 3 p € T World Heritage Cultural Landscapes 
A Handbook for Conservation and Management
(In English) December 2009

W orld H eritage  p 3 p € T Managing Historic Cities 
Gérer les villes historiques
(In English and French) September 2010

W orld H eritage  p 3 p C T Navigating the Future of Marine World Heritage
Results from the firs t World Heritage Marine Site Managers Meeting
Honolulu, Hawaii, 1-3 December 2010
Navegando el Futuro del Patrimonio Mundial Marino
Resultados de la primera reunión de administradores de sitios marinos
del Patrimonio Mundial, Honolulu (Hawai), 1-3 de diciembre de 2010
Cap sur le futur du patrimoine mondial marin
Résultats de la première réunion des gestionnaires des sites marins
du patrimoine mondial, Honolulu (Hawaii), l er-3  décembre 2010
(In English) May 2011; (In Spanish) December 2011; (In French) March 2012

W orld H eritage  p 3 p C T Human Evolution: Adaptations, Dispersals and Social Developments (HEADS) 
World Heritage Thematic Programme
Evolución Humana: Adaptaciones, Migraciones y Desarrollos Sociales 
Programa Temático de Patrimonio Mundial
(In English and Spanish) June 2011

W orld H eritage  p 3 p 6 T Adapting to Change
The State of Conservation of World Heritage Forests in 2011
(In English) October 2011

W orld H eritage  papers Community development through World Heritage
(In English) May 2012
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