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EXECUTIVE SUMMARY

Founded in 2000, the Critical Ecosystem Partnership Fund (CEPF) is a joint initiative of
I’Agence Francaise de Developpement (AFD), Conservation International (Cl), the European
Union (EU), the Global Environment Facility (GEF), the Government of Japan and the World
Bank that supports civil society actors in their efforts to conserve the world’s most severely
threatened ecosystems, known as biodiversity hotspots. Funding from the Green Climate
Fund (GCF) has been made available to CEPF for Madagascar and the Indian Ocean Islands
through AFD as an accredited entity to the GCF.

The fundamental purpose of conserving ecosystems is to enable them to perform their
various functions, called ecosystem services, for the benefit and needs of people, including:
food security; water supply; energy supply; health security; material and economic
comfort; and the maintenance of cultural values and social cohesion.

In recent decades, however, in the face of massive and accelerated exploitation perpetrated
by humans to satisfy these needs, ecosystems have undergone transformations tending
towards forms of degradation that risk becoming irreversible, because the rate of
exploitation largely exceeds the capacity for regeneration that these ecosystems have.

This trend of irreversible degradation is exacerbated in a context where other factors have
come into play: climate change, on the one hand; and COVID-19 and other possible
unexpected health hazards, on the other. As a result, pressures on ecosystems are
increasing, at the risk of losing their functions and at the expense of the development and
wellbeing of local populations.

Ecosystem Profiling Process

The Madagascar and the Indian Ocean Islands (MADIO) Biodiversity Hotspot has often been
considered a priority among other hotspots globally, and, as a result, benefited from CEPF
investment as early as 2000.

The first phase of CEPF investment in the MADIO Hotspot ran from 2000 to 2005,
supporting 40 projects implemented by 18 organizations. The geographic focus was limited
to Madagascar. Following this phase, the CEPF Donor Council approved a consolidation
phase, which was implemented between 2009 and 2012.

Then, in 2012, the MADIO Hotspot, covering four countries (the Comoros, Madagascar,
Mauritius and the Seychelles) was recognized by the CEPF Donor Council as an eligible
region for the development of an ecosystem profile. This was consequently prepared in
2013-2014, under the leadership of Conservation International in Madagascar.

The preparation of an ecosystem profile is carried out through desk studies, as well as
consultations with relevant stakeholders, including researchers, conservation and
development actors, and local communities. An assessment of biological priorities and the
underlying causes of biodiversity loss in given ecosystems is then made. These two
elements are combined with an inventory of existing investments in conservation and other
key elements. Thus, each profile highlights the most relevant priorities for conservation and
for CEPF investment.

An important step is to assess the results of previous conservation efforts and to define the
conservation goals to be achieved in order to prevent biodiversity loss (habitats, fauna,
flora). CEPF’s niche and investment strategy is based on the results of these efforts, first to
ensure that investments are well targeted, and second to be able to evaluate the success of
these investments. On the other hand, the impacts of climate change cannot be ignored,
and must be given a prominent place, given their influences on biodiversity and human
wellbeing. The relatively recent involvement of the GCF in CEPF’s program reflects this
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obvious need to integrate the fight against climate change (mitigation and adaptation) into
conservation approaches. As a result, the intervention logic of the GCF and the strategic
investment directions of CEPF must be consistent with each other.

By specifically targeting civil society, CEPF provides a flexible and adaptable mechanism for
these structures to implement concrete actions to protect biodiversity in the Hotspot. The
idea is also to be complementary to government efforts (policies, strategies and funding) by
ensuring links between government authorities, community groups, non-governmental
organizations, academic institutions and the private sector, thereby identifying and building
on each sector’s strengths and avoiding duplication of effort. CEPF encourages
transboundary cooperation to facilitate exchange of experience among nearby countries.

The process to update the ecosystem profile prepared in 2014 was led by a consortium
among Conservation International (Cl), Missouri Botanical Garden (MBG), ASITY
Madagascar and Biotope, with the support of consultants recruited locally. Consultations
were held in all four countries. In Madagascar, a total of 187 stakeholders from 112
institutions were consulted. In the Comoros, sub-national consultation workshops were
organized on Grande Comore and Anjouan, with the participation of 15 and 12 people
respectively, while a national consultation was held with the participation of 11 people. In
Mauritius, a national consultation workshop brought together 20 stakeholders. In the
Seychelles, a consultation workshop was held with 30 participants. Finally, a regional
consultation workshop was held, bringing a selection of stakeholders together from all four
countries.

These subnational, national and regional consultations were the main source of information
for documenting and analyzing the competencies and needs of civil society organizations
(CSO0s), and for analyzing threats to biodiversity, as well as root causes of biodiversity loss
and barriers to conservation. Data on conservation investments and the impacts of climate
change were also collected, mainly through literature review, and analyzed. These analyses
informed the definition of a niche for CEPF investment in the hotspot and an investment
strategy for the next five years.

The Madagascar and the Indian Ocean Islands Biodiversity Hotspot

The MADIO Hotspot includes the Comoros, Madagascar, Mauritius (including the island of
Rodrigues) and the Seychelles. The land area of the hotspot is about 600,000 km?, of which
592,040 km? consists of the island of Madagascar alone. The evolution of a diversity of
fauna and flora with a very high rate of endemism at the level of species, genera, and even
families, on Madagascar is striking. The terrestrial biodiversity of the other archipelagos is
closely linked to that of Madagascar. Despite covering a much smaller land area, the other
island groups of the western Indian Ocean contribute much to the biological diversity of the
hotspot with high rates of endemism. African influences are especially marked in the biota
of the Comoros, while Asian ones are especially evident in the Seychelles. Although the
hotspot is defined in terms of its importance for terrestrial biodiversity, its marine
biodiversity is also exceptional, both in terms of levels of endemism (corals, coastal species
and marine trenches) and in terms of the international importance of populations of certain
widely distributed species, such as cetaceans and marine turtles.

In terms of extent of original natural vegetation, MADIO ranks tenth among the 36
biodiversity hotspots globally. and eighth in terms of remaining intact habitat, according to
recent estimates of forest cover.

The MADIO Hotspot covers a set of extremely varied habitats, resulting from climatic
variability linked to latitude, altitude and steep relief, which due to foehn effects linked to
trade winds, concentrates precipitation on the eastern slopes of the massifs. The geological
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and pedological differences (granitic base, ancient or recent volcanism, atolls and sandy
formations, sedimentary formations) add to the diversity of habitats.

Investment niche and strategic directions

The approach to identifying the niche for CEPF investment in the hotspot was based on a
combination of thematic and geographic priorities, to maximize impact and reduce the risk
of duplication with initiatives already underway. The niche was defined without forgetting
that CEPF investment also aims to strengthen the participation of civil society (community
groups, NGOs, academic institutions, private companies, etc.) in efforts to conserve
biodiversity and fight against climate change.

Based on the analyses presented in the ecosystem profile, the strategic directions for the
new phase of CEPF investment in the MADIO Hotspot are presented in the following table:

Strategic direction

Investment priorities

1- Empower communities and
civil society to implement
actions to improve the
resilience of species,
ecosystems, and human
populations to climate change
in priority KBAs

1.1 Implement EbA actions, including agroforestry, “climate smart
agriculture”, eradication of IAS, restoration of degraded watersheds
and coastal ecosystems (including wetlands, mangroves, reefs and
seagrass beds), and promotion of sustainable management of
coastal and terrestrial ecosystems. Priority will be given to the
following approaches:

i. Promoting resilient agroforestry and developing “Climate
Smart Agriculture”;

ii. Promoting the sustainable management of freshwater,
wetlands, and marine and coastal ecosystems (mangroves,
coral reefs, seagrass beds);

iii. Strengthening management of intact watershed forest
ecosystems through the implementation of protected area
management plans in collaboration with local communities;

iv. Enhancing resilience and adaptation of ecosystems;
V. Restoring degraded coastal ecosystems (wetlands,
mangroves, coral reefs, sea grass beds);
Vi. Restoring degraded watershed forest ecosystems;
Vii. Promoting control and eradication of invasive alien species;
and
Viii. Strengthening the capacity of local communities in

participatory ecological monitoring of KBA target species and
their habitats.

1.2 Support the establishment and development of economic models
that improve the resilience of local communities to climate change
and support value chains for natural products, while strengthening
ecosystem services that contribute to EbA

2- Support local communities
and civil society to strengthen
the integration of the EbA
approach, ecosystem
resilience and biodiversity
conservation into political and
economic decision-making
processes and education

2.1 Develop engagement strategies with private sector actors for the
integration of EbA into their activities, and also for the conservation
and sustainable use of biodiversity and renewable natural resources

2.2 Support civil society to disseminate information and influence
political and economic decision-making processes in favor of
biodiversity conservation priorities, ecosystem services and EbA

2.3 Support civil society in the development and implementation of
disaster risk reduction measures

3- Strengthen the capacities
of local communities and civil
society at regional and local
levels to enhance adaptive
capacity and reduce exposure
to climate change risks

3.1 Strengthen the technical, administrative and financial capacities
of local CSOs with missions related to the environment and the fight
against climate change

3.2 Promote exchanges and partnerships (at the national and
regional levels) among CSOs working in priority KBAs, to strengthen
technical, organizational, management and fundraising capacities
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Strategic direction Investment priorities

3.3 Support the emergence of a new generation of conservation
professionals and organizations specializing in biodiversity
conservation, ecosystem services and climate change by supporting,
with small grants, technical and practical training and exchange

visits
4- Support research and 4.1 Support applied research activities that improve understanding
ensure the dissemination of of the role of specific ecosystems and test the effectiveness of
results for the promotion and promising EbA techniques
improvement of knowledge 4.2 Support research activities that measure and verify the impact
on EbA actions and related of the grant portfolio on ecosystem services
good practices 4.3 Support civil society to promote public awareness and education

on biodiversity, conservation priorities, climate resilience, ecosystem
services and EbA

5- Provide strategic 5.1 Build a broad constituency of civil society groups that work
leadership and effective across institutional and political boundaries to achieve the shared
coordination of CEPF conservation goals outlined in the Ecosystem Profile

investment across the hotspot | 5.2 Improve operational and monitoring processes and coordination
through a regional of CEPF grant resource allocation to ensure effective implementation
implementation team and strategic guidance in an accountable and transparent manner

that is fit for purpose on a country-by-country basis

The following steps were followed to rank Key Biodiversity Areas (KBAs) based on their
importance for the provision of ecosystem services that reduce the vulnerability of local
populations to climate change:

Identification and prioritization of ecosystem services.

Standardization of ecosystem services.

Assignment of scores based on the relative importance of each ecosystem service.
Aggregation of scores for multiple ecosystem services, according to the weightings
assigned by experts and stakeholders.

This exercise, conducted through a combination of analysis of spatial data and expert
opinion, resulted in the identification of priority KBAs for CEPF investment in Ecosystem-
based Adaptation (EbA): 10 in the Comoros; 30 in Madagascar; 10 in Mauritius; and 20 in
the Seychelles.

Since the main objective of the exercise was to prioritize areas where EbA activities could be
implemented, some of the KBAs in Madagascar ranked highly for their ecosystem services
values were not considered priorities for CEPF investment. These comprised:

10 KBAs that do not have a manager, project partner or institutional structure to
support the implementation of EbA activities: Mangoky River; Lake Itasy; Mahatsara
(Mahambo Foulpointe); lIvoloina River; North Pangalane; Maevatanana-Ambato-
Boeni wetlands; Ankafina (Ambohimahasoa); Mananjary River; Angavokely Forest
Station; and Ambila-Lemaitso wetlands.

One KBA whose ecosystem services had been degraded beyond reasonable recovery
efforts: PK32-Ranobe.

Priority sites for CEPF investment in Madagascar

KBA code | KBA name Multi-criteria Rank
score

MDG-199 | Mangoro-Rianila River 4.75 1

MDG-110 | Sahafina Forest (Anivorano-Brickaville) 4.18 2

MDG-097 | Analamay-Mantadia Forest Corridor 3.43 3

MDG-131 | Wetlands Nosivolo 3.29 4




KBA code | KBA name Multi-criteria Rank
score
MDG-066 | Amoron’i Onilahy and Onilahy River 3.17 5
MDG-098 Fandriana Marolambo Forest Corridor 3.11 6
MDG-094 | Ambositra Vondrozo Corridor (COFAV) 3.11 7
MDG-179 | Special Reserve Mangerivola 2.88 8
MDG-164 Betampona Integral Nature Reserve 2.80 9
MDG-095 | Zahamena-Ankeniheny SAPM 2.79 10
MDG-230 | Nosivolo Ramsar Site 2.61 11
MDG-027 | Belalanda 2.58 12
MDG-154 | Zombitse-Vohibasia National Park 2.52 13
MDG-011 | Tsinjoriake-Andatabo 2.48 14
MDG-128 | Vohibe Ambalabe (Vatomandry) 2.43 15
MDG-089 | Lake Ihotry-Mangoky Delta Complex 2.42 16
MDG-072 | Analavelona 2.41 17
MDG-152 Ranomafana National Park and extension 2.37 18
MDG-217 Faraony Headwaters 2.26 19
MDG-056 | Makay 2.21 20
MDG-070 | Analalava Foulpointe 2.20 21
MDG-106 | Vohibola classified forest 2.17 22
MDG-091 | Mangoky-Ankazoabo forest complex 2.14 23
MDG-045 | Great Reef of Toliary 2.06 24
MDG-200 | Namorona-Faraony River 2.02 25
MDG-088 | Mahafaly Plateau Forest Complex 2.01 26
MDG-033 | Three-bay complex 1.97 27
MDG-175 | Reserve Speciale Beza-Mahafaly 1.97 28
MDG-187 | Special Reserve of lvohibe Peak 1.97 29
MDG-053 | Lake Tseny 1.97 30
Priority sites for CEPF investment in the Comoros
KBA code | KBA name Multi-criteria Rank
score
COM-7 Mount Ntringui (Ndzuani Heights) 0.54 1
COM-5 Karthala Massif 0.45 2
COM-20 Coelacanth Zone 0.43 3
COM-1 Moya Forest 0.27 4
COM-14 Domoni area 0.25 5
COM-4 Massif de la Grille 0.22 6
COM-8 Ex Marine Park of Moheli 0.21 7
COM-12 Bimbini area and llot de la Selle 0.19 8
COM-19 Pomoni area 0.18 9
COM-16 Moya area 0.17 10




Priority sites for CEPF investment in Mauritius

KBA KBA name Multi-criteria Rank
code score

MUS-2 Bamboo Mountain Range 0.655 1
MUS-5 Relict Forests of the Central Plateau 0.550 2
MUS-14 Plaine des Roches - Bras d’Eau 0.537 3
MUS-12 Black River Gorges National Park and surrounding areas 0.520 4
MUS-3 Chamarel - Le Morne 0.503 5
MUS-8 Mauritius South-Eastern Islets 0.395 6
MUS-16 South Slopes of Grande Montagne 0.364 7
MUS-17 Yemen-Takamaka 0.353 8
MUS-11 Guardhouse Mountain 0.343 9
MUS-6 Rodrigues’ Islets 0.308 10

Priority sites for CEPF investment in the Seychelles

KBA Group of KBA name Multi-criteria Rank
code islands score

SYC-43 Inner Morne Seychellois National Park 0.719 1
SYC-38 Inner Planneau Mountain (Grand Bois-Varigault- 0.633 2

Cascade)
SYC-41 Inner Praslin National Park 0.586 3
SYC-42 Inner Silhouette National Park 0.563 4
SYC-36 Inner Burnt Mountain-Piton de I'Eboulis 0.500 5
SYC-50 Aldabra Aldabra Special Reserve 0.469 6
SYC-47 Inner Port Launay Marine National Park and coastal 0.469 6
wetlands

SYC-15 North edge Bird Island (lle aux Vaches) 0.469 6
SYC-5 Cosmoledo Cosmoledo 0.453 9
SYC-51 Inner Aride Island Special Reserve 0.445 10
SYC-52 Inner Cousin Island Special Reserve 0.445 10
SYC-48 Inner Sainte-Anne Marine National Park (SAMNP) 0.438 12
SYC-20 North edge St. Denis Island 0.430 13
SYC-46 Inner Curieuse Island Marine National Park 0.406 14
SYC-32 Amirantes Saint-Francois and Bijoutier Islands 0.406 14
SYC-3 Cosmoledo Astove 0.398 16
SYC-18 Inner Curieuse lIsland 0.391 17
SYC-19 Amirantes D’Arros Island and Saint Joseph Atoll 0.383 18
SYC-6 Farquhar Farquhar - South Island and islets 0.375 19
SYC-9 Inner Fond Ferdinand 0.352 20
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1. INTRODUCTION

Natural ecosystems, because of their multiple components and functions, are at the heart of
the social and economic development of humanity, thus justifying the need to preserve
them. However, ecosystems have been constantly transformed because of the uses and
modifications that men and women make to meet their different needs: food, health, money
and energy, as well as for their comfort.

As a result, the original foundations of ecosystems and the services they provide (healthy
soils, fresh water, clean air, a climate favorable to the development of all forms of life, etc.)
are disappearing progressively. A disappearance that is all the more threatening with the
phenomenon of global warming and, more recently, the COVID-19 pandemic. As a corollary,
the disappearance of ecosystems inevitably implies that of species too.

To reverse this trend, efforts to develop approaches and strategies have been made at all
levels and at different scales for decades, and in recent years have systematically included
consideration of the impacts of climate change on biodiversity. Within this framework,
Ecosystem-based Adaptation (EbA) is the most promising approach. EbA consists of
maintaining or strengthening the capacities of ecosystems to protect people and deliver the
services they are expected to provide, to improve infrastructure and to ensure the balance
of biodiversity, particularly in “biodiversity hotspots”.

The concept of biodiversity hotspots is one approach to prioritizing the world’s most
biodiverse and threatened regions (Myers et al. 2000)?. It is, therefore, important to focus
these priorities in order to optimize the concentration of conservation investments. The
latest analyses identify 36 biodiversity hotspots around the world (Mittermeier et al. 2004,
Zachos and Habel, 2011, Noss et al. 2014).

Founded in 2000, the Critical Ecosystem Partnership Fund (CEPF) supports NGOs and the
private sector to influence and participate in the conservation of the world’s most critical
ecosystems. CEPF is a joint initiative of I’Agence Francaise de Developpement (AFD),
Conservation International (Cl), the European Union (EU), the Global Environment Facility
(GEF), the Government of Japan and the World Bank. In the Madagascar and the Indian
Ocean Islands (MADIO) Biodiversity Hotspot, funding has been made available to CEPF from
the Green Climate Fund (GCF) through AFD as the accredited entity.

CEPF provides grants to nongovernmental and private organizations to preserve biodiversity
hotspots. Place of high biodiversity value are often inhabited by people who are highly
vulnerable socially and economically, and whose livelihoods depend heavily on healthy
ecosystems. This convergence is even more evident in the biodiversity hotspots.

Two decades ago, the MADIO Hotspot first benefited from CEPF investment. At that time,
the extent of the hotspot was limited to Madagascar. Following an updated global analysis in
2005, the hotspot was extended to include islands in the western Indian Ocean, including
the independent countries of the Comoros, the Republic of Mauritius and the Seychelles. The
MADIO Hotspot has often been considered a priority among the other global hotspots, due
to its extreme diversity (the hotspot supports about 15,000 vascular plant species, of which
more than 12,000 are endemic) but also due to the high level of endemism (linked to the
hotspot’s isolation) and, above all, the high level of threat to biodiversity.

The first phase of CEPF investment in the Hotspot ran from 2000 to 2005, with a total of
$4.25 million supporting 40 projects implemented by 18 organizations in Madagascar alone.

1 To be classified as a biodiversity hotspot, a region must be home to at least 1,500 endemic vascular plant species
AND have lost at least 70% of its original primary vegetation.



At the end of this phase, and following a positive evaluation, the CEPF Donor Council
approved a $1.4 million consolidation phase, which was implemented between 2009 and
2012; this was also in Madagascar alone.

In 2012, the MADIO Hotspot was recognized by the CEPF Donor Council as an eligible region
for the development of an ecosystem profile to facilitate the programming of investment in
biodiversity conservation. This document was prepared in 2013-2014, under the leadership
of Conservation International in Madagascar.

In general, preparation of an ecosystem profile involves desk studies, as well as
consultation with relevant stakeholders. An assessment of biological priorities and
underlying causes of biodiversity loss is then conducted. These two elements (biological
priorities and underlying causes of loss) are combined with an inventory of existing
conservation investments and other key elements to highlight the most relevant priorities
for CEPF investment.

An important step in developing a profile is to assess the results of previous conservation
efforts and define the conservation outcomes that must be met to avoid loss of biodiversity.
CEPF’s investment niche and strategy target a subset of these outcomes, to ensure that
investments are well targeted, as well as to be able to evaluate the success of these
investments, as conservation outcomes also provide the basis for monitoring.

Each ecosystem profile recommends strategic funding directions that civil society can
implement to protect ecosystems in a hotspot. In doing so, CEPF provides a flexible and
adaptable mechanism. In addition, efforts are also designed to complement strategies and
frameworks established by national governments and regional bodies. CEPF fosters alliances
among government, community groups, NGOs, academic institutions and the private sector,
combining the unique capacities of each entity and avoiding duplication of effort, so that the
conservation approach is as comprehensive as possible. CEPF encourages transboundary
cooperation where ecosystems are shared by several countries, where a regional approach
promises to be more effective than a national one, and/or to encourage exchange of
experience and good practice among neighboring countries.

The 2013-2014 ecosystem profile helped guide CEPF investment from 2015 to 2022. With
US$12.3 million, CEPF supported 129 projects implemented by 93 organizations, in the
Comoros, Madagascar, Mauritius and the Seychelles.

For the MADIO Hotspot, although the different islands share biogeographic specificities, they
nevertheless compose a whole with a great variability. This heterogeneity is evident in the
relative weight of the different entities: the three island groups (the Comoros, the Republic
of Mauritius and the Seychelles) and other islands scattered in the western Indian Ocean are
dwarfed by the mass of Madagascar, an island-continent that accounts for 95 percent of the
land area and 98 percent of the population of the Hotspot. Disparities are also great at the
economic level, in the development of public services and in land-use planning. The
Seychelles and Mauritius can be considered emerging economies, while Madagascar and the
Comoros are among the least developed countries (LDCs).

Compared with the period covered by the previous ecosystem profile, the socio-
environmental context in general has evolved significantly. Pressures on natural ecosystems
and threats to biodiversity have experienced great leaps, due to interrelated factors,
including: (i) climate change; (ii) stagnant, if not declining, economies; (iii) failing
governance and politics; and (iv) an unfavorable social environment. Furthermore, CSOs
have found themselves with more or less diminishing means and capacities. In addition, as
a region heavily dependent upon tourism, the MADIO Hotspot has had to contend with the
impacts of the COVID-19 pandemic, which emerged in early 2020.



It is appropriate, therefore, to update the ecosystem profile so that the next phase of CEPF
investment can refocus priorities, identify new opportunities, and align with other donors’
investments, while taking into account the evolving context.

This update is an activity of the Ecosystem-based Adaptation (EbA) in the Indian Ocean
program financed by the GCF, through AFD is the accredited entity. This program aims to
reduce the vulnerability of island populations by securing the critical ecosystem services
they need to be resilient to climate change.

It should be recalled that the GCF plays an important role in the implementation of the Paris
Agreement, being the largest global climate fund. Its mandate is to support developing
countries to implement their ambitions in terms of their Nationally Determined Contributions
(NDCs) for greenhouse gas (GHG) mitigation and adaptation actions that strengthen
resilience to climate change.

The involvement of the GCF is all the more crucial, following the alarming findings of the
Intergovernmental Panel on Climate Change (IPCC) in its latest report (IPCC 2022). Climate
change is happening faster than expected, and impacts include: reduced availability of
water and food resources (in Africa, in Asia and on small islands in particular); health
impacts in all regions of the world; and loss of animal and plant species.



2. BACKGROUND

Following the decision of the CEPF Donor Council in 2012, the ecosystem profile for the
MADIO Hotspot was prepared between June 2013 and January 2014, by a team led by ClI-
Madagascar, with inputs from the Moore Center for Science and Oceans at Cl for the
analysis of ecosystem services, and the consulting firm Biotope for the island states.

During 2021-2022, the ecosystem profile was updated to reflect the changing realities on
the ground. A consideration of climate change, particularly adaptation to climate change,
was central to this update, given the importance of this issue in the face of ecosystem loss
and species extinctions. The investment strategy in the ecosystem profile was updated to
provide the information needed to prioritize investments under the GCF program. Improving
climate resilience of local communities will be achieved by EbA actions at priority sites,
where civil society can add value to conservation efforts. To this end, the capacity of CSOs
will be engaged and strengthened in the implementation of EbA actions in the Union of the
Comoros, the Republic of Madagascar, the Republic of Mauritius, and the Republic of
Seychelles.

The updating process was structured around three work packages (WP):

e WP 1: Identification and prioritization of ecosystem services important to human
populations in target countries and priority areas for EbA activities.

¢ W2 2: Conducting consultations with stakeholders (academic institutions, NGOs,
government agencies, donors, community groups, private sector actors) to set
priorities for CEPF investment in EbA. Particular attention was given to involving the
National Designated Authorities (NDAs) for the GCF in the consultation process, to
ensure their ownership of the CEPF investment strategy.

¢ WP 3: Drafting the updated ecosystem profile. Emerging trends were reflected in the
updated ecosystem profile, including the impacts of the COVID-19 pandemic.

The overall goal of the updated ecosystem profile was to serve as a strategic reference for
CEPF, guiding investments in the MADIO Hotspot during the period 2022-2027.

2.1. Process and approach for updating the Ecosystem Profile

The update was led by a consortium among Cl-Madagascar (with technical support from the
Moore Center for Science and Oceans at Cl), Missouri Botanical Garden, ASITY Madagascar

and Biotope, with support from consultants recruited in Madagascar and other Indian Ocean
islands throughout the process.

The methodology for identifying Key Biodiversity Areas (KBAs) important for the delivery of
ecosystem services described by Neugarten et al. (2014) was adopted. However, the
analysis required an update of the ecosystem profile in terms of the datasets to used and
the weighting given to different ecosystem services. The revised methodology was validated
by CEPF through orientation meetings held in September and October 2021.

For the definition of biological priorities, data from the IUCN Red List of Threatened Species
(IUCN 2022) were mainly used. However, additional data were obtained from experts and
specialized organizations when necessary, such as MBG, and the Moore Centre for Science
and Oceans, in close collaboration with Cl-Madagascar.

Reviews of literature on biodiversity and ecosystem services were used to complement
available data sets. The final list of KBAs was updated by including KBAs that had been
identified since the previous ecosystem profile was prepared. A list of 7 to 14 critical
ecosystem services was prepared in each country, in consultation with experts. Geographic
Information System (GIS) analysis was then undertaken, using existing global and national
datasets, to map ecosystem services and evaluate the relative importance of each KBA for
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each service. KBAs were then ranked, based on their importance for the delivery of
ecosystem services contributing to human resilience to climate change, using a multi-
criteria analysis. The results of this analysis are presented in Chapter 6 in the form of maps.

Information and analysis in the chapters on socioeconomic context, political context, and
civil society context were updated, drawing primarily on literature reviews conducted by the
profiling team, complemented by targeted interviews.

Consultations with stakeholders as subnational, national and regional levels were the main
source of information to identify and analyze the competencies and needs of CSOs, to
update the chapter on threats to biodiversity, their root causes and barriers to conservation.
The chapter on conservation investments was updated with new data, collected mainly
through literature reviews These chapters were crucial for defining the CEPF niche and
investment strategy.

2.2. Consultation process

The development of the ecosystem profile was a participatory process, and stakeholder
consultations were organized with the participation of various ministries, national and
international NGOs, associations, universities and research centers (Table 1).

Table 1 Main steps in the development of the updated Ecosystem Profile for
Madagascar and the Indian Ocean Islands

September 2021 - March 2022 Literature review and preparation of work plans
September 2021 First information workshop with stakeholders
October 2021 - March 2022 Launch workshop and national consultations
March-June 2022 Preparation of draft ecosystem profile

July 2022 Regional validation workshop, Madagascar
July-September 2022 Finalization of ecosystem profile

In Madagascar, a total of 187 stakeholders and 112 institutions were consulted. The process
began with an inception workshop on 15 December 2021 in Antananarivo, followed by a
virtual kick-off meeting on 6 January 2022 and an online consultation during February 2022.

In Comoros, subnational consultation workshops were held on 3 March 2022 in Grand
Comore and 5 March 2022 in Anjouan, followed by a national workshop on 10 March 2022 in
Grand Comore, with the participation of 40 people from the public sector, academia, NGOs
and associations.

In Mauritius, the stakeholder consultation workshop was held on 15 October 2021. In total,
10 people participated, representing the government (mainly the Ministry of Agro-Industry
and Food Security), parastatals, the private sector and the main active NGOs.

In the Seychelles, a consultation workshop was held in Victoria on 9 March 2022. In total,
around 30 people participated in the consultation.

Finally, the draft investment strategy, including the proposed geographic and thematic
priorities for investment, was presented to stakeholders from all four countries at a regional
consultation workshop held in Antananarivo, Madagascar on 1 July 2022.



3. PAST CEPF INVESTMENTS AND LESSONS LEARNED

3.1. Previous investment

This ecosystem profile has been prepared to guide the next phase of CEPF investment in the
MADIO Hotspot over a five-year period from 2022 to 2027. The investment strategy is
based on the results of recent research and consultations conducted during the updating
process, as well as on previous investment phases, taking into consideration achievements
and lessons learned since 2000, when CEPF first intervened in the region.

The first phase of CEPF investment, which took place between December 2000 and
December 2005, followed by a consolidation phase between 2009 and 2012, focused
exclusively on the island of Madagascar. Across the initial investment plus the consolidation
phase, CEPF supported 45 grants to 18 organizations, amounting to US$4.25 million for the
initial investment and US$1.4 million for the consolidation phase. The projects covered a
wide range of topics, from promoting conservation corridors and implementing natural
resource management plans to integrating environmental protection and community
economic development activities.

At the beginning of CEPF’s involvement in 2000, Madagascar’s biodiversity was facing
immense threats. Nearly 80 percent of the island’s primary forest cover had been lost, and
erosion had exacerbated the effects of deforestation. The population, estimated at

15 million, was already growing at a rate of 3 percent per year, adding to the pressures,
and the poverty rate was very high. At the time, major threats included agricultural
expansion (particularly for swidden rainfed rice cultivation, resulting in an annual loss of
about 2,000 km? of forest), overgrazing, unsustainable charcoal production, mining,
hunting, logging, and unregulated international trade in wild plants and animals.

Due to a lack of capacity, civil society was still insufficiently prepared to respond to these
threats, which have grown over the years. Information and knowledge on biodiversity
remained limited, alongside a government presence that had neither sufficient capacity to
protect natural resources and manage them in a reasoned manner, nor the political will for
firm governance to deal with them, despite the ongoing implementation of environmental
programs within the framework of the National Environmental Action Plan (NEAP) at the
time. These threats were compounded by poverty, the impacts of recurrent climatic hazards
and insufficient access to education and information in general. On the other hand, while
the depletion of natural resources was proceeding at an exponential rate, measures to
address it were far from being concrete. These factors presented a complex set of
challenges that needed to be addressed if Madagascar’s natural capital was to be preserved
for the benefit of its people.

CEPF’s 2000-2005 investment strategy for Madagascar focused on six points?:

(i) integration of local groups and individuals in the management of protected areas and
reserves; (ii) private sector conservation initiatives; (iii) training programs in biodiversity
conservation and management; (iv) public awareness and advocacy; (v) small grants
program (Biodiversity Action Fund); and (vi) creation of a participatory monitoring and
coordination network.

The consolidation phase during the 2009-2012 period, with an allocation of US$1.4 million,
was intended to consolidate gains made under the initial investment. The consolidation
phase built on the achievements and lessons learned in the first five years and focused on
three investment priorities: (i) developing the NODES mechanism, linking biodiversity

2 https://www.cepf.net/sites/default/files/madio-five-year-assessment-2006-english.pdf.
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conservation and improved livelihoods for local populations; (ii) improving community-
based natural resource management mechanisms and local governance structures; and

(iii) launching local and national awareness campaigns highlighting the importance of
sustainable natural resource management and its socio-economic impacts. The consolidation
phase was designed to take advantage of the opportunities generated following the adoption
of the “Durban Vision”® and to complement the activities of the NEAP Phase 3 and other
ongoing initiatives, such as the GEF Small Grants Program (GEF/SGP).

Between 2012 and 2014, there was a growing recognition by both civil society partners and
donors that there were strengthening needs on the one hand, and opportunities on the
other (capacity, competence, commitment, willingness), in the face of changing ecosystems
and stakeholder circumstances. A new phase of investment was therefore warranted.
However, the first Ecosystem Profile prepared in 2000 could no longer serve as a reference
to guide CEPF investments, both because of changes in the region and because of the
evolution of CEPF over the previous 13 years. The Council also took the opportunity to ask
the CEPF Secretariat to prepare a regional profile, covering the entire MADIO.

Thus, the Ecosystem Profile was developed for the current second phase (2015 to June
2022), which is being completed, with four strategic directions, implemented at three levels
(local, national, regional): i) Empowering local communities to protect and manage
biodiversity in Key Biodiversity Priority Areas; ii) Supporting civil society to strengthen the
integration of biodiversity protection into political and economic decision-making processes;
iii) Strengthening civil society capacity at the regional and local levels through training,
exchanges, and regional cooperation actions; and iv) Providing strategic leadership and
effective coordination of CEPF investment through a regional implementation team.

3.2. Results

CEPF support has played an important role in supporting local civil society and NGOs to
participate effectively in conservation activities and in building the technical capacity of
Malagasy resource persons. CEPF also helped support the initiation of the Durban Vision and
its implementation. CEPF’s support enabled the participation of a wide range of local actors,
many of whom had never had the opportunity to stand on their own two feet, and also
allowed better-known organizations to take risks to engage in conservation actions with
uncertain outcomes.

During the initial five-year investment period, CEPF played a strategic role in supporting civil
society-led activities that would add value in addressing threats at the national level. At
least US$5.6 million in additional resources were mobilized to achieve conservation goals.
Specifically, the evaluation of the first phase* revealed that CEPF’s investment in
Madagascar had:

e Contributed to laying the groundwork for the Durban Vision, spearheading the
Malagasy government’s policy for biodiversity conservation and for the integration of
local communities in the conservation and management of new protected areas
through the development of the Madagascar Protected Area System (SAPM).

e Over 1 million hectares of KBAs were identified, leading to a formal commitment by
the government to protect these areas. Some of these areas also had management
plans put in place (during the consolidation phase, CEPF strengthened the
management of 1,574,435 ha of KBAS).

3 The Durban Vision refers to a commitment made by Madagascar at the 2003 World Parks Congress to triple the
surface area of its protected area system, which at the time was just over 2 million hectares.

4 CEPF 2006 “Assessing Five Years of CEPF Investment in the Madagascar and Indian Ocean Islands Biodiversity
Hotspot - Madagascar. A Special Report”



e Significantly enhanced the role of local NGOs and community groups in biodiversity
conservation.

e Supported several grantees to address the financial sustainability of the current and
future SAPM. In particular, CEPF supported Cl-Madagascar’s advocacy efforts to
finance the Foundation for Protected Areas and Biodiversity of Madagascar (FAPBM),
with a capitalization target of US$50 million.

e Supported many local communities to manage and benefit from their natural
resources through community-based management contracts (during the
consolidation phase, six NODES programs awarded 339 micro-grants to 236
community associations).

e Improved the livelihoods of local communities around several protected areas
(during the consolidation phase, a total of 790 communities received socio-economic
benefits from CEPF-funded actions).

e Supported scientific studies leading to the discovery of 120 species new to science;

e Improved the scientific and technical capacity of over 60 people.

o Developed conservation actions on several emblematic species, such as Madagascar
fish eagle (Haliaeetus vociferoides), Bernier’s teal (Anas bernieri) and Sakalava rail
(Zapornia olivieri).

As for the second phase covering both Madagascar and the other Indian Ocean Islands, the
investments contributed to the following cumulative results 56:7:

e Creation and/or extension of 1.6 million ha of protected areas.

¢ Improved management of 3.2 million ha of KBAs.

¢ Improvement of the management of landscapes totaling 1.6 million ha, for
production, and by extension, to the improvement of the living conditions of local
communities.

Creation of the first atlas of reptiles and amphibians in the Comoros.

67 percent of local grantees with strengthened institutional capacity.

Release of 11 legal texts aimed at improving governance of natural resources.
Adoption of environmentally friendly practices by 20 private sector actors.
Inclusion of dry forest tree species into the “"Red List of the Trees of Madagascar”.

These data and information may not be final and may be revised upwards, as the
investment portfolio was not yet closed at the time of finalizing this profile.

3.3. Experience and lessons learned

As mentioned above, there have been CEPF investments prior to this profile: an investment
phase in Madagascar from 2000 to 2005, followed by a consolidation phase from 2009 to
2012; and an investment phase in the four countries of the MADIO Hotspot from 2015 to
2022. The proposed new phase of investment, which is the subject of this updated profile,
builds on lessons learned from these earlier investments, in terms of approaches, impacts,
and stakeholder considerations.

At the end of the 2000-2005 investment phase in Madagascar, a final assessment was
conducted (2006). For the 2015-2022 investment phase, a mid-term assessment (May
2020) and an independent evaluation of lessons learned (January 2022) were conducted. A

5 https://www.cepf.net/resources/investment-analysis/madagascar-and-indian-ocean-islands-mid-term-
assessment-2020

% Emerald Network Ltd, report for CEPF (January 2022) “Evaluation of Lessons Learned to Inform Reinvestment in
the Madagascar and Indian Ocean Islands Biodiversity Hotspot”.

7 https://www.conservation.org/about/global-conservation-fund



final assessment was also conducted (September 2022) but the results were not available in
time to incorporate into the ecosystem profile.

In addition to assessing the progress achieved against targets for CEPF investment set out
in the ecosystem profile and determining priorities for the remainder of the investment
period (January 2020 - June 2022), the mid-term evaluation report drew on the experience,
lessons learned and project reports generated by CEPF grantees. It also incorporated the
findings of evaluation workshops held in October and December 2020, which were attended
by more than 100 representatives of CEPF grantees, local authorities and donor partners.

The independent evaluation focused on the challenges, opportunities, and lessons learned
associated with the role of the RIT. It aimed to make future RIT applicants better informed
about the experiences and results achieved and, thereby, to create a more competitive
environment. This evaluation is separate from the final assessment of the results of CEPF
investment in the hotspot, which will be available later in 2022.

3.3.1. Lessons learned and experience from the period 2000-20128°
The main experiences and lessons learned were:

e Local conservation groups need capacity building and can indeed have a significant
impact when their capacity is improved.

¢ In terms of strengthening communities within the framework of the transfer of
natural resource management to local communities, grassroots communities can call
upon the technical support of the decentralized services of the state.

e Supporting partner organizations that can provide micro-grants to community
groups, while assisting them with day-to-day implementation, proved to be a
successful approach on the ground.

e It is essential that a relationship be established between conservation activities and
the improvement of living conditions, in order to obtain the commitment of local
communities.

e It is difficulty for civil society to engage with private sector actors due to its lack of
expertise and experience in working with the private sector.

e The lack of a solid base of conservation actors armed with sufficient skills and
expertise has implications for the long-term sustainability of conservation efforts in
Madagascar.

The last two points highlight the need for capacity building and awareness raising.

During the period of initial CEPF investment, it was recognized that there was a lack of
national and local NGOs in Madagascar and that civil society in general had limited capacity
to directly implement projects under CEPF funding. As a result, the majority of funds were
channeled to international NGOs. However, funds did reach community-based organizations
through Cl’s pilot small grants program, through the pioneering efforts of the NGO Fanamby
in Daraina, and through the actions of ASITY Madagascar in the Mahavavy-Kinkony
wetlands.

In addition, the Durban Vision, which paved the way for the integration of local communities
in the management of protected areas and for the sustainable use of natural resources in
these areas, created an opportunity for increased local community engagement in
conservation. Thus, the NODES approach, where locally based organizations provided

8 https://www.cepf.net/resources/investment-analysis/madagascar-and-indian-ocean-islands-five-year-
assessment-2006-0
9 https://www.cepf.net/resources/documents/madagascar-and-indian-ocean-islands-ecosystem-profile-2014-0



funding for integrated conservation and development activities in new protected areas, was
seen as an effective method that could be scaled up with additional funding.

CEPF’s experiences during the initial phase provided the basis for the development of the
consolidation phase, and the experiences gained from the subsequent 10 years of funding
helped define and refine the investment strategy presented in the 2014 ecosystem profile,
with improved framing and new strategic directions and investment priorities.

3.3.2. Lessons learned and experiences from the 2015-2022 period°:11

From 2015 to 2022, CEPF investments not only reinforced the previous experiences
summarized above but also strengthened local organization’s knowledge and experience in
research, including in biodiversity, spatial analyses, information systems, database
management and community-based approaches, while improving interdisciplinary
collaborations.

Overall, Madagascar experienced many notable, positive conservation impacts from CEPF
investment. CEPF-funded projects contributed to building confidence in local NGOs and
strengthening partnerships, as well as contributing to increased collaboration among
organizations operating in the country. However, the emergence and development of local
NGOs and local talent remains the main legacy of CEPF, which led to the most significant
impacts over time.

In the other countries of the MADIO Hotspot, the 2016-2022 investment phase allowed for
the identification and refinement of knowledge about KBAs. The mid-term assessment found
that this investment phase had progressed very well: balanced development of the grant
portfolio with over 90 percent of the spending authority already granted; and good progress
in achieving 25 of the 29 indicators in the portfolio’s logical framework. However, out of 867
letters of intent received since the beginning of the phase, 81 projects had been awarded
through December 2019, resulting in an award rate of 9.3 percent, which was too low.

For the 2016-2022 phase, responsibility for the RIT was assumed by the Tany Meva
Foundation, which, during the first half of the phase, experienced significant staff turnover
due to governance issues. At the CEPF level, there were also changes in personnel. All of
these changes at different levels had impacts on the RIT, as new staff members had to
familiarize themselves with their roles, as well as re-establish working relationships with
stakeholders several times. Despite these limitations and changes, the portfolio was found
to be on track to meet most of its goals, and overall performance was strong.

From these findings, lessons learned were identified during the independent evaluation, to
help improve the next phase of CEPF investment in the hotspot. These included a need to
strengthen the RIT’s presence beyond Madagascar to the Indian Ocean islands, and to
improve communication throughout the hotspot to foster regional networking and
collaboration. It was recommended that a stronger and more established presence in all
countries be put in place early in the next investment phase to avoid delays.

In addition, while staff changes are largely beyond the control of the RIT, it was
recommended that delays in processes need to be identified and reported more quickly to
minimize the effect on portfolio development, and that the mid-term evaluation should be
conducted before the majority of grant allocation has occurred, so that any necessary
adjustments can be made at the portfolio level.

10 https://www.cepf.net/resources/investment-analysis/madagascar-and-indian-ocean-islands-mid-term-
assessment-2020

11 Emerald Network Ltd, report for CEPF (January 2022) “Evaluation of Lessons Learned to Inform Reinvestment in
the Madagascar and Indian Ocean Islands Biodiversity Hotspot”.
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Furthermore, the independent evaluation recommended that the low award rate in relation
to letters of inquiry received should be addressed in the next phase. To this end, more
direct support should be provided to potential applicants after submission of their letters of
inquiry, in order to increase the success rate, for example through in-country proposal
design workshops.

Given the size of the portfolio, another recommendation was that the potential benefits of
geographic investment priorities be considered in the next ecosystem profile, such as
maximizing efficiency through more concentrated project locations.

The evaluation also recommended that the mid-term assessment should be conducted in a
timely manner, to maximize opportunities for adaptive management of the portfolio and/or
approach. For example, if the portfolio had not been so far along, it might have been
possible to consider concentrating additional efforts on strengthening civil society capacity
at the national and regional levels through training, exchange and cooperation.

Having a local partner organization in Madagascar brought many benefits, including
strengthening the relationship between CEPF and local civil society, deepening the
understanding of the local context particularly in Madagascar, and improving the capacity of
this local organization, which is a CEPF goal.

A final lesson from the 2016-2022 investment phase was the need to be adaptive, as
regards timelines and budgets. The COVID-19 pandemic was unexpected and created
implementation delays for almost every grantee. This necessitated flexibility. Over the
course of the pandemic, CEPF amended 28 grants to allow activities to be implemented in a
COVID-safe way, and postponed, redesigned or cancelled activities that were prevented by
restrictions on travel and public meetings. While, the public health impacts of the pandemic
were not as severe in Madagascar and the Indian Ocean Islands as initially feared, with a
relatively modest number of cases, the economic impacts were enormous, with a collapse in
export revenues, visitor arrivals and foreign direct investment. Looking forward, it will be
important to set clear expectations among grantees and maintain clear, consistent
communication. CEPF must ensure that they are comfortable requesting amendments if
needed, and that they give priority to the health and safety of their project teams, local
communities and other stakeholders.
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4. BIOLOGICAL IMPORTANCE OF THE HOTSPOT

The MADIO Hotspot is a true natural sanctuary, including Madagascar, the Comoros, the
Republic of Mauritius and the Seychelles. The terrestrial surface of the MADIO is about
600,000 km?, of which 592,040 km? are represented by the island of Madagascar alone,
which has seen the evolution of an original and distinct fauna and flora, with a very high
rate of endemism at the level of species, genera and even families. The terrestrial biological
diversity of the archipelagos is closely linked to that of Madagascar. African influences are
especially marked in the Comoros, and Asian influences especially in the Seychelles.
Although the other island groups of the western Indian Ocean represent a small land area,
they contribute a lot to the biological diversity of the Hotspot, with high rates of endemism.
Even though the hotspot is defined in terms of terrestrial (vascular plant) biodiversity,
marine biodiversity is also exceptional, both in terms of the levels of endemism (in corals,
coastal and lagoon species) and in terms of the international importance of populations of
certain widely distributed species, such as cetaceans and marine turtles.

In terms of original extent of natural vegetation, MADIO ranks tenth among the biodiversity
hotspots globally (Mittermeier et al. 1997, Myers et al. 2000, Brooks et al. 2006). It also
ranks eighth among the hotspots in terms of remaining intact habitat (about 10 percent of
the original area), according to the most recent estimates of tropical forest cover.

4.1. Geography, Geology and Climate

The MADIO Hotspot comprises a vast group of islands in the southwestern Indian Ocean,
included in a quadrilateral of about 1,700 km along each side, whose vertices would be
formed by the coral islands of Denis and Bird in the Seychelles to the north, the Comoros to
the west, the island of Rodrigues to the east and the southern tip of Madagascar to the
south (Figure 1). The Comoros are the closest part of the hotspot to the African continent,
being less than 300 km from the coast of Mozambique, while the Mozambique Channel
separates Madagascar from the continent by about 400 km at its narrowest point. The
distance to other land masses is greater on the other side of the MADIO. For example, the
Seychelles are about 2,000 km from the Maldives.

The island of Madagascar extends over more than 1,500 km from north to south and

500 km from east to west at its greatest width. Its coastline extends over 5,000 km. The
geology of the island is dominated by a Precambrian crystalline formation, which constitutes
the whole ridge of the central highlands, covering two thirds of the territory and culminating
at 2,643 m above sea level. Five main bioclimatic zones have been identified, namely
humid, subhumid, montane, dry and subarid (Ramananjanahary et al. 2010). Each of these
bioclimatic zones corresponds to a vegetation formation with a particular faunistic and
floristic biodiversity (Ministry of Environment 2002).

The Comoros archipelago is located at the northern entrance to the Mozambique
Channel, between east Africa and northwestern Madagascar. The three islands that make up
the Union of the Comoros cover a total area of 1,862 km2: Grande Comore (1,148 km?2);
Anjouan (424 km=2); and Mohéli (290 km2). They are isolated from each other by deep sea
trenches. The fourth main island in the archipelago, Mayotte, is a French department.

The Republic of Mauritius includes the following islands: Mauritius; Rodrigues; Agaléga
and Saint Brandon (or the Carajos Shoals). Mauritius and Rodrigues form part of the
Mascarene Archipelago, together with Réunion Island (a French department). The Republic
of Mauritius has a large Exclusive Economic Zone (EEZ), which covers approximately
2.3 million km? (NBSAP 2017). The land area of Mauritius, Rodrigues, Agaléga, Saint
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Brandon and the islets covers about 2,000 km?2. At present, coastal protected areas
represent 11.9 percent of the land area and 0.006 percent of the EEZ*2. Mauritius is a
volcanic island, although, like Rodrigues, there is no longer any volcanic activity. These two
islands are located in the cyclone belt of the western Indian Ocean basin, receiving on
average one cyclone per year.

The Seychelles archipelago consists of 115 main granitic and coral islands and atolls
(155 individual islands being listed in the Constitution). The total land area is approximately
455 kmz2, spread over the vast EEZ of 1,374,000 km2. The four main inhabited granitic
islands are, in order of size: Mahé (152.5 km?2); Praslin (27.6 km?2); Silhouette (20.0km?2);
and La Digue (10.1 km=2). The “plateau” of Mahé, the center of the central archipelago, is
about 244 km2, where 99.5 percent of the Seychellois population (about 99,000
inhabitants) lives. The outer coral islands (about 211 km?2) are either atolls or sandy cays.

12 https://www.nairobiconvention.org/mauritius-country-profile/marine-and-coastal-resources-governance-
mauritius-country-profile
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Figure 1 Overview of the MADIO Hotspot

4.2. Biomes, habitats and ecosystems

The MADIO Hotspot covers a range of extremely varied habitats, resulting from climatic
variability related to latitude, altitude, and steep relief which, associated with foehn effects
related to the trade winds, concentrates precipitation on the eastern slopes of the massifs.
The geological and pedological differences (granitic base, ancient or recent volcanism, atolls
and sandy formations, sedimentary formations, etc.) add to the diversity of habitats. In a
simplified way, most of the islands support a continuum of habitats, with grassy formations
and deciduous forests at low altitudes, deciduous and evergreen forests at medium
altitudes, and mountain forests at higher altitudes, with high-altitude ericaceous formations
on the highest points, above 1,800 m (Réunion, Madagascar and Grande Comore).

On granitic or volcanic islands, the relief has often isolated natural areas within these
ecosystems, creating the conditions for speciation and leading to the presence of species
with a very restricted distribution and a very localized endemism.
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The coral islands of the hotspot (the Scattered Islands and the outer islands of the
Seychelles in particular), with their low altitudes and marine influences, support mainly
littoral vegetation formations, such as mangroves, halophyte herbaceous formations,
brackish steppes, mediolittoral herbaceous and shrubby formations, and supralittoral
herbaceous to shrubby formations. These are accompanied, for the largest of the islands, by
inland plant formations, such as mangrove and littoral tree formations on karst, littoral
herbaceous and shrubby formations on karst, coconut tree formations, and brackish
herbaceous formations (CBNM, 2013). These islands are home to colonies of seabirds and
some spectacular species, such as Aldabra giant tortoise (Aldabrachelys gigantea). In
general, however, their fauna is weakly diversified.

Wetlands (including lakes, lagoons, marshes, mangroves, rivers, bays, estuaries and deltaic
zones) are particularly important in terms of endemic biodiversity (especially plants, fish,
amphibians, water birds, crustaceans, and odonates) and for the environmental services
they provide.

Finally, three large marine ecosystems border the hotspot. The marine ecosystem of the
Agulhas Current is characterized by warm waters (20-30°C), low primary productivity,
except for a few points of high productivity linked to small upwelling areas and oceanic
turbulence. This marine ecosystem is spectacular for its marine biodiversity, since it
includes the majority of the coral reefs of the western Indian Ocean. To the north is the
large marine ecosystem of the Somali Current, which is dominated by an intense seasonal
upwelling system of cold water along the Somali coastline, driven by the northeast
monsoon. This system is extremely productive, although less rich in species. To the east of
these two ecosystems is the Mascarene Plateau, a distinctive granitic ridge of continental
origin, extending between latitudes 2°S and 22°S, with an average sea depth of only

100 m. The Mascarene Plateau links the Seychelles, Mauritius and Réunion Islands, and is
suggested as a large marine ecosystem in its own right. This Mascarene ecosystem is
characterized by a low level of productivity, although its biodiversity seems high.

4.2.1. Madagascar

Madagascar has the greatest diversity of ecosystems by size and is divided into three major
biomes with fifteen terrestrial ecosystem types (Table 2; Moat and Smith, 2007). The
habitats of Madagascar’s coastal areas include estuarine and lagoon systems, mudflats,
beach, pebbled or dune cordon vegetation, as well as mangroves that covered 236,402 ha
in 2018 (Shapiro et al., 2019) distributed mainly among the regions of Diana, Sofia, Boeny,
Melaky, Menabe and Atsimo Andrefana.

Table 2 Terrestrial ecosystem types in Madagascar and their area in 2013

Ecosystem type Total area (km=2) %o of land coverage

1. Mosaic grassland formation/wooded 246.687 41.67
grassland formation of the plateau

2. Grassy wooded formation/bushy 135,739 22.93
formation

3. Degraded wet forest 58,058 9.81
4. Wet forest 47,737 8.06
5. Western dry forest 31,970 5.40
6. Cultures 23,522 3.97
7. Southwestern dry thorny forest 18,355 3.10
8. Wetlands 5,539 0.94
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Ecosystem type Total area (km=2) %o of land coverage

9. Degraded thorny forest of the 5,427 0.92
southwest

10. Western subhumid forest 4,010 0.68
11. Mangroves 2,433 0.41
12. Coastal bush formation of the 1,761 0.30
southwest

13. Tapia forest 1,319 0.22
14. Coastal forest 274 0.05
15. Western wet forest 72 0.01

Source: MBG (2013).

The marine realm is characterized by the importance of reef formations: about 3,450 km of
Madagascar’s 5,600 km of coastline have reef formations, including 1,130 km of fringing
reefs, 557 km of coral banks and 1,711 km of submerged reefs (Cooke 2012). The waters
around Madagascar support a high diversity of corals, with 380 species recorded (Veron and
Turak 2002). Reef formations are distributed in the western and northeastern parts of
Madagascar, with more accentuated formations in the western part. In addition to reefs,
Madagascar is also characterized by the presence of large seagrass beds (Table 3). The
island shelters some of the most extensive seagrass beds of the Indian Ocean, with twelve
recorded species: Cymodocea rotundata, Cymodocea serrulata, Cymodocea serrulata,
Enhalus acoroides, Halodule uninervis, Halodule wrightii, Halophila ovalis, Halophila
stipulacea, Ruppia maritima, Syringodium isoetifolium, Thalassodendron ciliatum, Thalassia
hemprichii, and Zostera capensis (Gullstrom et al. 2002, Green and Short 2003). These
seagrass beds are more represented in the northwestern and southwestern coastal areas
compared to the eastern area (Hantanirina and Benbow 2013). These marine and coastal
areas serve as habitat and spawning area for a wide diversity of fish, invertebrates, marine
turtles (five species occur in the marine area of Madagascar), sharks and rays.

Table 3 Marine and coastal habitats in Madagascar, with estimates of their extent

Marine and coastal habitats Extent (km?)
Beaches and dunes No data
Seagrass beds 3,000
Mudflats No data
Mangroves* 2,364
Coral reefs 5,076

Source: Red List of Ecosystems (2020), except for * Shapiro et al. (2019).
4.2.2. Comoros

Three types of ecosystems are present in the Comoros: terrestrial, lacustrine, marine and
coastal. The terrestrial ecosystems of the Comoros are mostly made up of dense evergreen
rainforests that have long been subject to various forms of anthropic and natural pressure
(Table 4). They are located on the volcanic massifs of the three islands.

On a global scale, the Comoros are one of the 20 islands or archipelagos characterized by a
remarkable endemism at the species level (Caledecott et al. 1996) and are also a high
priority center of biodiversity and plant endemism in the framework of global biodiversity
(WWF and IUCN, 1995). The Comoros are also classified as one of 221 Endemic Bird Areas,
considered essential for the conservation of global bird diversity and endemism (ICBP,
1992). The Comoros represent an extreme case of islands with very high biodiversity, due
to an altitudinal range from 3,000 m below to 2,361 m above sea level. However, the
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islands’ biodiversity is still poorly known, and thus poorly managed and protected. The only
published list of flora for the Comoros dates from the beginning of the 20™ century
(Voeltzkow 1917) with 935 vascular plants cited, of which 416 are considered indigenous
and 136 endemic to the archipelago. Exotic plants represent one third of the vascular plant
flora, with 383 species (Vos 2004).

Table 4 Terrestrial ecosystems in the Comoros

Ecosystem type Sub-ecosystem type
Dense evergreen rainforest Dense and humid high altitude or ridge
forest

Dense evergreen mid-altitude rainforest
associated with banana plantations or
other crops

Dense evergreen valley forest (gallery
forest)

Mid-altitude open and humid forest
associated with crops

High altitude wooded steppe
Dry forest of medium to high altitude

Pioneer vegetation on sand and remnants of calcified formation

Mosaic of degraded lowland forest with cultivation and Psidium cattleyanum coppice
Cultivation
Reforested areas, usually with Eucalyptus

The lake ecosystems found in the Comoros are Lake Dziani-Boundouni (Mohéli, 30 ha), Lake
Salé in Niamaoui (northeast of Grande Comore, 5 ha), Lake Dzialandzé (in the center of the
island of Anjouan between the relict forest of Mount Ntingui and that of Mount Trindrini,

2 ha), and Lake Hantsogoma on the northern slope of the Karthala forest (0.15 ha). In
general, lake ecosystems are not well known. The marine and coastal ecosystems in the
Comoros include the following types: mangroves, coral reefs, islets, sandy beaches and
dunes (Table 5).

Interest in conserving the biodiversity of the Comoros also stems from the need to ensure
the stability of the ecosystems for the services they provide, and from the fact that many
as-yet-unknown species have potential for science, agronomy or the pharmaceutical
industry.

Table 5 Marine and coastal ecosystems of the Comoros

Ecosystem type Extent
Mangroves 117 ha
Coral reefs 10,000 ha, along 80 percent of the coastline of the three islands
Islets 8 off Mohéli, 1 off Grande Comore and 1 off Anjouan
Beaches and dunes 40 nesting beaches for green turtle and leatherback turtle
Underwater caves Along 97 km of the coastline of Grande Comore
Seagrass beds No data
Seabed No data
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4.2.3. Mauritius

The island of Mauritius was almost entirely forested prior to human colonization, which
began in 1638 AD. After human colonization, the natural ecosystems rapidly degraded and
destroyed. Today, only remnants of the original vegetation, covering about 2 percent of the
island’s surface, can be found; all of which has been invaded by exotic species (Lorence and
Sussman 1986, Florens et al. 2012, Hammond et al. 2015, Norder et al. 2017). The native
vegetation of Rodrigues had been almost completely cleared or destroyed by forest
clearance for agriculture and livestock, forest fires, and consequent soil erosion.

A particularity of the Mauritian rainforest is the extremely high density of trees (reputed to
be the highest in the world), which was reported long before invasive plants spread in these
forests. This density is explained by adaptation to cyclones, many species with buttress
roots, and the low representation of lianas in the ecosystem. Also notable are a rapid
recolonization of scree slopes and forest gaps by native species, and mass flowering/fruiting
of many endemic trees following cyclones.

Upland marshes are dominated by sedges and hydrophytic grasses, mixed with drier rocky
soil clumps occupied by ericaceous heath forest transitioning into Sideroxylon thickets
(Vaughan and Wiehe 1937), having significant biological value due to the restricted area,
and the number of endemic plants, particularly in the genus Pandanus. Due to the cooler
conditions in the upper part of the island, many native plants found in this habitat type are
found in only a few places in the world and, as a result, are now extremely rare components
of upland swamp areas.

Natural and artificial lakes constitute another type of inland freshwater ecosystem. These
are found on Mauritius while no significant lake or reservoir is located on Rodrigues. Only
two of these lakes have been formed entirely by natural processes in Mauritius. These are
Bassin Blanc and Grand Bassin, which were formed in volcanic craters after the collapse of
the underlying magma chambers. Since they are located at the top of the watershed, little
water arrives by surface runoff or exposure to the water table.

The coastal habitats of Mauritius, Rodrigues and Agaléga have been heavily impacted due to
the long history of land use (Table 6). For example, the sand dunes in the west of the
country (e.g., Albion, Flic en Flac) have been completely exploited. Coastal wetlands are
also in steep decline, due to development pressure.

Dunes and beaches cover almost the entire coastline of the island of Mauritius. In
Rodrigues, apart from lle aux Sables and lle aux Cocos, which are entirely composed of
sandy deposits, sandy beaches are found in limited areas on other islets (e.g. on Gombrani
Island and lle aux Crabes).

Table 6 Estimated area of coastal and marine habitats on Mauritius and Rodrigues

Marine and coastal habitats Mauritius (ha) Rodrigues (ha)
Beaches and sand dunes 2,885 8
Seagrass beds 3,279 17,765
Mudflats 919 656
Mangroves 145 24

Coral reefs 6,303 7,005

Source: NWFS and STEM (2008).

Total mangrove cover along the Mauritian coastline is limited to about 145 ha. Mangrove
formations are mainly monodominant stands of Rhizophora mucronata, with occasional
specimens of Bruguiera gyymnorhiza found in the brackish water areas upstream of Pointe
Lafayette, Trou D'Eau Douce, Ferney and Mahébourg. The presence of a third species




reported in some studies has yet to be confirmed. The fern Acrostichum aureum is found in
the upstream regions strongly influenced by fresh water. Today, most of the mangroves in
Mauritius are planted or enriched, while all the mangroves around Rodrigues are plantations
designed to control the siltation of the lagoon, and belong to the species Rhizophora
mucronata.

Intertidal mudflats around Mauritius occur mainly at the mouths of major rivers or along the
coastline, as at Case Noyale. The largest and best-known mudflat is located at the Rivulet
Terre Rouge Estuary Bird Sanctuary, about three kilometers north of Port Louis. This 26 ha
Ramsar site supports about 14 species of migratory birds and up to 35 bird species in total,
including occasional and rare visitors.

Small patches of seagrass beds formed by species such as Halophila ovata, Halodule
uninervis and Syringodium isoetifolium are common towards the northeast and on the east
coast. Larger areas of seagrass beds are found near Les Salines, between the estuaries of
the Grande Riviére Noire and Petite Riviere Noire, which continues to the lagoon of lle aux
Bénitiers (ICZM 2009). In Rodrigues, seagrass beds are represented by only two species,
Halophila ovalis and H. stipulacaea, which coexist and also form assemblages with other
macroalgae.

Throughout the lagoons of the Republic of Mauritius, coral reefs exist in different
abundances, structures and species. These are among the 11 marine hotspots of the world
proposed by Roberts (2002). This hotspot encompasses about 1,000 km? of reefs
surrounding the Mascarene Islands (mainly Mauritius and Rodrigues). Fringing reefs protect
vast shallow lagoons around almost all the islands.

4.2.4. Seychelles

The Seychelles are endowed with a rich diversity of terrestrial and marine flora and fauna,
recognized as being of international importance. The relative and long-term isolation
(1,300 km from Africa) of the central archipelago (which separated more than 65 million
years ago from other land masses) and the emergence of new islands during geological
episodes of volcanism have resulted in a unique biodiversity characterized by a high degree
of endemism. Natural processes, including evolutionary changes, have resulted in a rich
variety of unique terrestrial and marine plants and animals, some of which are found
nowhere else in the world and are, therefore, endemic to the Seychelles.

Endemism is highest among the terrestrial species of the granitic islands. The flora of the
Seychelles is characterized by about 1,760 plant species, of which about 777 are native,
with about 24 percent of the native vascular plants considered endemic to the Seychelles
(133 species out of 545, mainly located in the national parks), and over 980 are introduced
plant species. The terrestrial fauna (300 species) is characterized by many flagship
endemics: 15 species and 15 subspecies of birds; five species of bats; a giant tortoise and
one to two subspecies of tortoises; more than 15 endemic lizards and chameleons; three
shakes; seven caecilians; five frogs; and two freshwater fishes. With a minimum of 3,500
native species, of which 60 percent are endemic, the terrestrial invertebrates show the
great diversity of insects (by far the most diverse group), scorpions, spiders, crustaceans,
myriapods and mollusks.

Similarly, the marine environment is diverse, with more than 1,000 species of fish (400 of
which are confined to the reef), more than 30 species of marine mammals and reptiles, 300
corals, 55 species of sea anemones, 150 species of echinoderms, 350 species of sponges,
165 species of shrimps, 450 species of bivalves and 350 species of macro algae, totaling a
minimum of 3,000 marine species (Bijoux et al. 2003).
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Due to its geological history, African and Indo-Malaysian elements can be found in the
terrestrial ecosystems of the Seychelles. The terrestrial habitats are very much related to
the geological origin of its two types of islands (granitic and coral). In the main islands, two
main characteristics can be noticed:

e The terrestrial landmass is mainly covered by secondary forest of new growth with
40,600 ha of forest, representing 90 percent of the total land area.
¢ More than 45 percent of forest areas are located in terrestrial protected areas.

The forest can be divided into six categories: (i) coastal and lowland forests (up to 200 m
altitude); (ii) intermediate forests (200 to 500 m altitude); (iii) mountain forests (more than
500 m altitude); (iv) palm forests; (v) inselbergs; and (vi) riparian forests (Fourth CBD
report).

Inland waters are divided into three categories, including upland wetlands, lowland wetlands
and rivers and streams.

Marine ecosystems are extremely important for the socio-economic development of the
Seychelles (tourism and fisheries are the two main economic sectors), although they are not
as well known as terrestrial ecosystems. They can be divided into nine different habitats:

(i) beach ridge and beach (and open interiors or seagrass beds of coral islands); (ii) rocky
shores; (iii) mudflats and mangroves; (iv) seagrass beds; (V) reef flat; (vi) coral reefs
(including reef ridge, slope, and patch reefs); (vii) Mahé plateau; (viii) pelagic; and

(ix) seabed.

4.3. Species Diversity and Endemism: Terrestrial Biodiversity
4.3.1. Madagascar
Birds

Four families of birds are endemic to Madagascar: mesites (Mesitornithidae); ground-rollers
(Brachypteraciidae); asities (Philepittidae); and Malagasy warblers or tetrakas
(Bernieridae).

Mammals

An incredible 221 of the 231 known native mammal species are endemic to Madagascar
(Table 7). Madagascar is home to 20 percent of all primate genera in the world, represented
by five families unique to the island, with 109 species and subspecies. The lemurs of
Madagascar comprise five families and 15 genera: Cheirogaleidae (five genera; 42 species),
Lepilemuridae (one genus; 26 species), Lemuridae (five genera; 21 species), Indriidae (two
genera; 19 species) and Daubentoniideae (one genus; one species) (Tattersall and Cuozzo
2018).

Table 7 Number of native mammals and rate of endemism in Madagascar

Order Number of species % Endemism
Rodentia 28 100
Afrosoricida (tenrecs) 39 100
Primates 109 100
Carnivora 9 100
Chiroptera 46 80
Total 231 96

Sources: Goodman (2018); IUCN (2022).

Madagascar also has: 28 species of endemic rodents, such as giant jumping rat
(Hypogeomys antimena, endangered (EN)); nine species of carnivores, such as fossa
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(Cryptoprocta ferox, vulnerable (VU)), which is the main natural predator of lemurs; and 46
species of bats, such as Isalo serotine (Neoromicia malagasyensis, VU). Endemic tenrecs,
the only insectivorous mammal family, occupy the same ecological niche as shrews and
moles.

Reptiles

As of 2018, approximately 420 species of reptiles had been identified in Madagascar, with
98 percent endemism, including extinct species such as Voay robustus, Aldabrachelys
abrupta and A. grandidieri (Glaw and Raselimanana, 2018). Madagascar is an important
center of diversity for chameleons, with several dozen species, and is also home to nine
species of turtles, including five endemics that are all classified as critically endangered
(CR): Astrochelys radiata; A. yniphora; Erymnochelys madagascariesnis; Pyxis arachnoides;
and P. planicauda (Glaw and Raselimanana 2018).

Amphibians

Madagascar is home to a high diversity of amphibian species. To date, 341 species have
been described (Vences and Raselimanana 2018) and approximately 200 additional
candidate species have been identified (Perl et al. 2014). With the exception of three
introduced species (Hoplobatrachus tigerinus, Duttaphrynus melanostictus and Ptychadena
mascareniensis), all Malagasy amphibians are endemic. Some belong to an endemic family:
the Mantellidae. Among the emblematic and most impressive species are tomato frog
(Dyscophus antongili), which has a bright red color and is found in a very restricted area in
the northeastern part of Madagascar, harlequin frog (Mantella cowani) and golden mantella
(M. aurantiaca).

Freshwater fish

Madagascar’s freshwater ichthyofauna has a high level of endemism. Currently, Madagascar
has 183 native freshwater fish species (Froese and Pauly 2017), of which 50 percent are
endemic to the island, 37 percent are native and 13 percent are introduced/exotic species.

Invertebrates

In Madagascar, the total known species richness of macroinvertebrates, according to a
recent review, is about 5,800 species (with 2,500 pending description), 86 percent of which
are endemic to the island (Goodman 2008).

Table 8 Number of species and endemism rate for selected invertebrate groups in
Madagascar

Groups Number of species Endemism rate (%6)
Land snails 651 100
Scorpions 40 100
Dragonflies and damselflies 181 73
Lacewings 163 73
Beetles 148 100
Butterflies and moths 300 70
Ants 1,317 98
Crayfish in the Parastacidae family 7 100
Shrimps in the Atyidae family 26 77
Spiders 459 85

Sources: Goodman (2008); Fisher (2019); Djikstra (2021).
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Table 8 provides an overview of the diversity and recognized endemism rates for some of
the best-studied invertebrate groups in Madagascar. High invertebrate diversity is found on
other islands in the hotspot, such as the Seychelles, where 3,795 species have been
recorded, with an estimated total of more than 5,100 species and an estimated 60 percent
endemism rate (Senterre et al. 2010).

When taxa have been well studied, the results in terms of diversity and endemism are
remarkable. For example, when Brian Fisher began studying the ants of Madagascar in
1993, 319 species and subspecies of ants in 35 genera were known; there are now more
than 1,300 species known (Fisher 2019).

In Madagascar and the surrounding Indian Ocean islands, freshwater mollusks are
represented by 10 families of gastropods and four families of bivalves. Freshwater
gastropods represent about 85 percent of all freshwater mollusks in the hotspot, of which
about 50 percent are endemic. Freshwater bivalves represent about 15 percent of the
freshwater mollusk fauna of the hotspot with 35 percent endemism.

The freshwater decapod fauna of the hotspot includes 72 species of freshwater crabs,
crayfish and shrimps divided into four families: 20 species of freshwater crabs in the
Potamonautidae family, 45 species of freshwater shrimps in the Atyidae and Palaemonidae
families and seven species of crayfish in the Parastacidae family. Levels of endemism are
high (100 percent at the genus and species level for freshwater crayfish and crabs, and

62 percent of species and 33 percent of genera for freshwater shrimps).

Plants

The island of Madagascar is known for its rich indigenous flora, characterized by high
diversity and endemism, both at the species level, with about 90 percent of vascular plant
species endemic to the island, and at the family level (five endemic families). More than
11,399 species of vascular plants are currently known (MBG Madagascar Catalogue 2022,
Table 10) and it is estimated that at least 3,000 species remain to be discovered or
described (GSPM 2021).

According to current knowledge, Madagascar has about 350 plant families, including 249
vascular plant families, five of which are strictly endemic: Asteropeiaceae; Barbeuiaceae;
Physenaceae; Sarcolaenaceae; and Sphaerosepalaceae (Table 9).

Despite numerous multidisciplinary explorations of the island, bryophytes remain poorly
known compared to other plant groups. The checklist of Marline et al. (2012) and the MBG
Madagascar Catalogue (2021) reports 1,144 species of bryophytes for Madagascar,
including 751 mosses, 390 liverworts, and three anthoceroses, distributed in about 275
genera and 101 families. In relation to endemism, 34 percent of mosses and 19 percent of
liverworts are unique to the island (Marline et al. 2012).

Table 9 Number of families and genera of vascular plants in Madagascar

Group Families Endemic Genera present Endemic
present families genera
Bryophytes 101 0 275 0
Pteridophytes 34 0 113 0
Gymnosperms 2 0 2 0
Angiosperms 213 5 1,632 309
TOTAL 350 5 2,022 309

Source: MBG Madagascar Catalogue http://legacy.tropicos.org/Project/Madagascar.
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For pteridophytes, 34 families are known, distributed in 113 genera and about 720 species,
53 percent of which are endemic (Flora of Pteridophytes in press, F. Rakotondrainibe pers.
comm.).

For trees and large shrubs, 103 families, including four endemics, are known, with a total of
490 genera (including 161 endemics) and 4,220 species (including 4,032 endemics). In
terms of tree diversity, Madagascar is the 12" most species-rich country in the world with
3,118 tree species, 93 percent of which are endemic (Beech et al. 2021).

For palms (Arecaceae family), Madagascar is considered one of the richest territories in the
world (eight percent of the global flora of the family in the world) with its 208 species, of
which 204 are endemic, distributed in 17 genera, of which eight are endemic (Govaerts et
al. 2020, Rakotoarinivo et al. 2020). The Poaceae family includes 140 genera, with

10 percent endemism (MBG Madagascar Catalogue 2022).

Table 10 Diversity and endemism of vascular plants in Madagascar

Number of native species Number of endemic species Endemism rate (206)
(estimated)
11,399 9,329 82

Source: MBG Madagascar Catalogue 2022.

More than 900 species of vascular plants, comprising 400 genera and 120 families, are
known among the diversity of vascular plants of inselbergs in Madagascar. According to
estimates, the actual number of species on inselbergs can reach well over 10 percent of the
total number of the flora of Madagascar. Regarding endemism, 70 percent of the species
and 10 percent of the genera are endemic. Two endemic families are also known from this
habitat: Sarcolaenaceae; and Sphaerosepalaceae (Rabarimanarivo et al. 2019).
Madagascar’s inselbergs form centers of diversity for succulents (including Aloe, Euphorbia,
Kalanchoe, and Senecio species), carnivorous plants (Drosera and Utricularia species), and
resurrection plants (including Xerophyta species). The latter represent 16 percent (50
species) of the total estimated resurrection species on rock outcrops worldwide. These
resurrection plants are important elements for climate change, as resources for future
agriculture still unexplored in Madagascar.

Of the 249 vascular plant families currently known in Madagascar (MBG Madagascar
Catalogue 2021), 89 plant families include at least one aquatic or semi-aquatic freshwater
species, and there are 25 exclusively aquatic families, four of which are pteridophytes,
including the Isoetaceae (three species) and Marsileaceae (seven species), and the
remaining 21 families are seed plants, including the Aponogetonaceae (15 species),
Hydrostachyaceae (14 species), Podostemaceae (six species), Potamogetonaceae (10
species) and Nymphaeaceae (two species). Compared to terrestrial plants which have a high
rate of endemism, only 49 percent of the plant species recorded in wetlands are endemic.

4.3.2. Comoros

Like most tropical islands, the Comoros archipelago is well known for harboring remarkable
biodiversity, characterized by numerous endemic species. For example, nine out of 96 of the
archipelago’s bird species are endemic (BirdLife International 2013), as are 14 percent of its
mammal species (Louette et al. 2004), and 15 percent of its plant species (Pascal et al.
2001, Pascal 2002).

Except for vertebrates, for which the inventory can be considered completed, biodiversity
remains very poorly known. For almost all invertebrates, which constitute more than 90
percent of the animal species, no complete list exists, and most groups have not been the
subject of any detailed study; it is therefore impossible to evaluate the rate of endemism
(Louette et al. 2004). The disparity of knowledge between groups is well illustrated by the
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number of publications concerning each taxon, taken from the bibliography of the main
book on the fauna of the Comoros published in 2004. The least rich groups (vertebrates)
are those that have been studied the most, and knowledge remains very fragmentary for
most of the other taxa (Table 11).

Table 11 Number of species for some groups of animals in the Comoros

Group Number of species (native and introduced)
Mammals 21

Birds 116

Reptiles and amphibians 28

Mollusks >166

Arachnids undefined

Insects undefined

Source: Louette et al. (2004).

The fauna of the Comoros is diverse and balanced; although poor in large mammals, all
mayjor zoological groups are represented.

Table 12 Summary of endemic fauna species of Comoros

Taxon Number of native species Endemic species
Birds 98 9
Mammals 17 6
Reptiles 25 11
Insects 1,200 360 - 720
Freshwater fishes 20 Undetermined

Sources: Thys and Tengels 1980; Adjanohoun et al. 1982; Louette et al. 1988; Harcourt and
Thornback 1990; Cole 1992; Clarke et al. 1992.

Birds

There are currently 96 species of birds, nine of which are endemic and threatened. The
Comoros are located on the path of Palearctic migrants. Some birds have a very small
range. The most remarkable case seems to be that of Comoro white-eye (Zosterops
mouroniensis), whose global range is reduced to the Philippia sp. zone, which extends from
1,300 to 1,600 m on Mount Karthala.

Mammals

The Comoros are notable for bat species. Six of the nine species of bats on the islands are
endemic, including two species of megachiropterans: Livingstone’s fruit bat (Pteropus
livingstonii); and Comoro rousette (Roussettus obliviosus).

Mongoose lemur (Eulemur mongoz), a species of lemur native to Madagascar, has been
introduced to the Comoros. It occurs in the relict forests of Anjouan island and in the forests
of the central ridge, as well as in the dry lowland forests of Mohéli.

Reptiles

According to experts, there are at least 11 endemic species of reptiles (five geckos, two
chameleons, a skink and three snakes) among the 25 indigenous species identified. The rate
of endemism is 44 percent. There are no venomous snakes in the Comoros. Some reptiles
species are threatened, such as Ebena viainunguis, Geckolopis maculate and Gehyra
mutilata. Day geckos Phelsuma are sought after for export as pets. Geckos live mainly in
forests and coconut plantations while some species have adapted to live near houses and in
fields.
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Insects

Specialists have estimated a total of 1,200 species of insects for the Comoros with relatively
high levels of endemism, between 30 and 60 percent. Currently, CNDRS and Oxford
University are jointly conducting studies on lepidopterans, many species of which are
threatened, in particular, the endangered large-tailed butterfly, as well as
Pseudacrealucretia comorana, Temnona pseudopylas latimargo, T. marginatacomoriana,
Nepheleoenopion stictica, N. accentifera comorana, Tagiades samborana, T. insularis
grandis, and Coleiades ramanatek comoriana.

Terrestrial mollusks

Fontaine et al. (2012) mention 184 species of mollusks, of which more than 50 are new to
science. Among this fauna, only 13 species are introduced, and at least 130 (70 percent)
are endemic to the archipelago. The mollusks of the Comoros are composed of 24 families,
among which those of the Streptaxidae, a family of carnivorous, richly colored snails, is
particularly divers.

Crustaceans and freshwater fishes

The list of freshwater fish and macro-crustacean species of the Comoros includes 32
species, including 20 fishes and 12 decapod crustaceans. Of these, seven species are
specific to the western Indian Ocean region, with one endemic to the Comoros and one
endemic to Madagascar and the Comoros (Keith et al. 2006).

Only one introduced species was found. Overall, the number of indigenous species varies
greatly from one island to another: 24 in Anjouan, including 15 species of fish and nine
species of crustaceans; 30 in Mohéli, including 18 species of fish and 12 of crustaceans; and
two species in Grande Comore, which does not have a perennial river.

Vascular plants

Floristic data remain very incomplete and deserve exhaustive studies. Currently, 1,300
species are known from the Comoros, compared to the 935 species reported by Voeltskow
in 1917. However, these numbers are far from being definitive, given than inventory work is
still in progress and currently limited to one of the islands of the archipelago.

The list of species is based on the collections kept in the herbarium of the National Museum
of Natural History (P), including those during the mission carried out within the framework
of the project Faunistic inventory of the rivers of the Comoros and botanical inventory (Keith
et al. 2006).

With regard to vascular plants, the most speciose family is the Fabaceae, with 105 species.
The Poaceae is well represented, with 92 species, but these are mainly species with a wide
distribution, often introduced and invasive.

According to a dataset of specimens available in the Paris Herbarium, the Orchidaceae
family in the Comoros is represented by 81 species, of which 18 are endemic and some are
globally threatened. The orchids Cynorkis lilacina var. boiviniana and Malaxis cardiophylla
have not been observed for over 100 years.

A study conducted in 2006 shows that there are 208 pteridophytes in the Comoros flora.
Ferns have a widespread distribution on Mount Karthala, the Grille massif, the forests of
Mohéli (Miringoni, Mladjele and MzéKekoule), the relict forest of Moya and Ntringui in
Anjouan. The western slopes of Mount Karthala are particularly noteworthy for ferns (both
terrestrial and epiphytic), with a maximum diversity of ferns that seems to coincide with
their greatest abundance around 1,650 m in altitude.
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4.3.3. Mauritius

Due to their volcanic origin, antiquity and isolation, the islands of Mauritius and Rodrigues
support a high diversity of flora and fauna, and a high degree of endemism (about 39.5
percent of the higher flora and 72 percent of vertebrates on Mauritius and 31 percent and
87.5 percent respectively on Rodrigues; Table 13). Agaléga and Saint Brandon have no
endemic terrestrial species.

In approximately 370 years of human presence, Mauritius and Rodrigues, previously pristine
islands teeming with endemic and often evolutionarily remarkable species, have been
transformed into two of the most ecologically impacted places on Earth (Cheke and Hume
2008). Both islands are rather unique in that their biota were relatively well known from the
beginning of human presence, due to their late discovery. Thus, aided by good (sub)fossil
records, new extinct species are still being catalogued (e.g. Rijsdjik et al. 2009, de Boer et
al. 2013a,b, de Boer et al. 2014, Hume 2011, 2015).

Mauritius is best known among conservation biologists for providing the world with the very
symbol of human-induced species extinction, the remarkable dodo (Raphus cucullatus)
(Turvey and Cheke 2008). Some other examples of extinct species from Mauritius are
broad-billed parrot (Lophopsittacus mauritianus) and two species of giant tortoise
(Cylindrapsis triserrata and C. inepta). Rodrigues had Rodrigues solitaire (Pezophaps
solitarius), a relative of the dodo, and two endemic species of giant tortoise (Cylindrapsis
vosmaeri and C. peltastes).

Thus, 23 of the 50 native vertebrate species known in Mauritius (46 percent) and adjacent
islets are now extinct. For Rodrigues, the percentage of extinct vertebrates is higher (56
percent, or 20 species out of 36). Before the first settlers in the 17™ century, only flying
mammals lived in Mauritius and Rodrigues, but, since then, many invasive exotic species
have been introduced, resulting in the loss of much of the endemic and native flora and
fauna. Agaléga and Saint Brandon did not originally have mammals.

Table 13 Native and endemic species in selected biological groups

Taxonomic Total native species Endemic species Extinct species Extinct endemics

group Mauritius | Rodrigues | Mauritius | Rodrigues | Mauritius | Rodrigues | Mauritius | Rodrigues

Angiosperms 691 150 273 47 61 17 30 10
(39.5%) | (31.3%) | (11.3%) | (11.3%) (11%) (21.3%)

Mammals 5 2 1 0 2 1 0 0

(20%) (40%) (50%)

Land birds 28 14 19 13 16 11 12 11
(67.9%) | (92.9%) | (57.1%) | (78.6%) | (63.2%) | (84.6%)

Reptiles 18 8 18 8 5 8 5 8
(94.1%) (100%) (29.4%) (100%) (31.3%) (100%)

Butterflies 30 10 5 0 4 1 1 0
(16.7%) (13.3%) (10%) (20%)

Snails 125 30 81 16 43 7 36 5
(64.8%) | (53.3%) | (34.4%) | (23.3%) | (44.4%) | (31.3%)

Source: Florens (2013a).
Mammals

The only native mammals of the Republic of Mauritius are bats. Of the three species of fruit
bats known to occur in the country (Pteropus niger, P. subniger, and P. rodricensis), P.
subniger is extinct, P. niger is listed as Vulnerable on the IUCN Red List (Kingston et al.
2018) and P. rodricensis is still present in Rodrigues and listed as Endangered on the IUCN
Red List (Tatayah et al. 2017).
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There are two species of insectivorous bats in Mauritius, the endemic Mormopterus
acetabulosus (Goodman et al. 2008), and the native Taphozous mauritianus, which is also
found in Réunion and mainland Africa (Hutson et al. 2008). Further study may revise the
status of Taphozous mauritianus. Agaléga and Saint Brandon have no native terrestrial
mammals.

Birds

Although Mauiritius is relatively poor in species numbers, it has a large proportion of
endemic taxa. Mauritius has one of the densest concentrations of threatened bird species in
the world (Safford 2001).

Of the 28 land bird species that existed in Mauritius, 12 have thus far avoided extinction,
nine of which are considered globally threatened (Cheke and Hume 2008; Table 14). On
Rodrigues, the only two existing endemic land birds, Rodrigues fody (Foudia flavicans) and
Rodrigues warbler (Acrocephalus rodericanus), are found in almost all wooded areas, with
their largest populations in the highlands.

The islets around the main island of Mauritius, especially the northern islets, have a great
abundance of seabirds. Eleven species nest there, including red-tailed tropicbird (Phaethon
rubricauda). The highest populations of some of these species in the Indian Ocean is found
on the northern islets of Mauritius.

Agaléga was an important seabird station in the 19% century (Cheke and Lawley 1983) but
the last colonies were deliberately destroyed by fire in 1943. It is difficult to know what
species were present, because of rats, cats, fires and poor scientific recording, but at least
10 species of birds existed at Agaléga. In addition to migratory birds, only two species of
native land birds have been recorded. Major ongoing construction (airstrip, aircraft hangar,
dormitories, houses, and jetty, etc.) could affect breeding seabirds. Saint Brandon supports
large seabird colonies, ranging from five to nine species (Staub and Guého 1968, Williams
and Rowlands 1980, BirdLife International 2013, Evans et al 2016).

Table 14 Extant endemic species of land birds of Mauritius and Rodrigues islands

Sites Species IUCN
status

Mauritius Falco punctatus EN

Nesoenas mayeri VU

Alexandrinus eques VU

Collocalia francica NT

Coracina typica VU

Hypsipetes olivaceus VU

Terpsiphone bourbonnensis ssp. desolata LC

Zosterops mauritianus LC

Zosterops chloronothos CR

Foudia rubra EN

Rodrigues Acrocephalus rodericanus NT

Foudia flavicans NT

Reptiles

There are 18 species of endemic reptiles known to have once inhabited mainland Mauritius,
of which 13 species remain extant. Seven of these have their remaining populations
restricted to offshore islets. Burrowing boa (Bolyeria multicarinata) was last seen in 1975
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and is now considered extinct. This is the last recorded extinction of a vertebrate in
Mauritius (Cheke and Hume 2008), although local extirpations are still ongoing.

All endemic reptile species of Rodrigues have disappeared (Cheke and Hume 2008).
Common smooth-scaled gecko (Lepidodactylus lugubris) is native to Asia and is still found in
several parts of Rodrigues, although it has declined since the arrival of Asian house shrew
(Suncus murinus). The island of Agaléga has an endemic variety of a day gecko evolved
from the Réunion species (Phelsuma borbonica agalegae). Its current status has not been
assessed, although it is still present on the island.

Fishes

The most recent comprehensive publication on freshwater fishes was carried out by |’Agence
Réunionnaise pour le Développement de I’Aquaculture (“"Hydro-Réunion™), which carried out
electrofishing sampling in 2002. In this sampling mission, 18 species of fish were identified,
13 native species of freshwater fish were found, including two endemic to the Mascarene
islands and two others endemic to the Mascarene-Madagascar region. The other species
have a much wider distribution, five are Indo-African species and four are Indo-Pacific
species. Compared to Réunion, the density of fish was much lower but the eels (Anguilla
marmorata and A. mossambica) were larger in size. According to Froese and Pauly (2015),
there are 57 species of freshwater fish in Mauritius, of which 22 are introduced, 34 are
native and one is endemic.

Invertebrates

Mauritius has 39 native butterfly species, five of which are endemic, but only one of these is
still extant (Williams 2007). From Rodrigues, 12 butterfly species have been recorded,
including one subspecies considered extinct and one species probably introduced from
Madagascar. On Agaléga, surveys revealed only five species. According to Keith et al
(2006), there are 11 species of crustaceans, of which one is extinct.

There are 125 native land snail species described for Mauritius, most of which are endemic
(64 percent). However, 43 are already extinct (34 percent) (Griffiths and Florens 2006).
Several new species have been described recently (Griffiths and Florens 2004) but they are
mostly extinct. Rodrigues has a much smaller land snail fauna (30 species) and a lower
extinction rate (23 percent). Agaléga has four species of land snails, while Saint Brandon
has two species, all with a wider geographic distribution (Griffiths and Florens 2006).

The ant fauna is relatively well known on Mauritius (Fisher et al. 2005), with about 24
native species, mostly endemic (59 percent). Some samples are still being studied to
determine their identity and whether or not they are native to Mauritius. Most of the species
collected on Rodrigues are exotic.

Recently, a spider Mascarenus remotus (Gallon 2005) was described from Serpent Island
and is known to occur only on this islet off Mauritius. A new species of grass, Brachiaria
nodosa, has also been described from this same islet.

There are over 1,000 species of arthropods on Mauritius (including 38 endemic families),
with an estimated 75 percent endemism at the species level (Motala et al. 2007). Some
groups have been somewhat better studied, such as the genera Syzygops (Williams 2000),
Cratopus (Williams and Cox 2003), Phasmatodea (Hugel 2014, Hugel and Desutter-
Grandcolas 2021), and Ichneumonidae (Ganeshan and Madl 2016) but other groups lack in-
depth knowledge.

There are 10 species of freshwater macrocrustaceans in Mauritius belonging to two families:
the Atyidae (with six Caridina and one Atyoida species); and the Palaemonidae (with two
Macrobrachium and one Palaemon species) (ARDA 2003). Three of these species are

28



endemic to Mauritius and one to the Mascarene Islands, while the others are of Indo-Pacific
distribution. Most of these species are present at higher densities on Mauritius than in
corresponding habitats on Réunion. However, the edible prawn species Macrobrachium lar is
now rather rare because of its exploitation.

Plants

Mauritius has six genera of endemic plants. The flora of Mauritius has a high degree of
endemism, with 39.5 percent of flowering plant species endemic to Mauritius (273 species),
the remaining species are endemic to the Mascarene Islands (143 species) (Baider et al.
2010). About 9 percent of the native species are currently considered extinct. Concerning
pteridophytes, there are about 200 taxa in Mauritius, of which 12 are endemic (Grangaud
2010). About 46 taxa are considered extinct, although for some (14 of them), their
presence on the island has never been confirmed (Grangaud 2010). Some ferns have been
relocated, such as Pellaea dura (Pynée et al., 2013), and new records have been made
(Pynée et al. 2012). There are at least 238 bryophyte taxa in Mauritius (Tixier and Guého
1997, Frahm et al. 2009) but studies on these groups are lacking and actual diversity is
probably higher.

Rodrigues has three endemic plant genera and approximately 150 native angiosperm
species, 31 percent of which are strictly endemic. The extinction rate of endemic species in
Rodrigues is the highest among all the islands of the western Indian Ocean (Baider et al.,
2010). Concerning pteridophytes, there are 27 taxa in Rodrigues, five of which are extinct
on the island (Grangaud 2010). A total of 44 species of mosses are listed, of which only one
species seems to be endemic (Mitten 1879, Een and Thingsgaard 1999). In the absence of
comprehensive surveys, it is difficult to know the status of these groups in Rodrigues.

The flora of Agaléga is documented to have 46 native species, three of which have not been
seen recently (Guého and Staub 1983), while Saint Brandon has 17 species (Staub and
Guého 1968). Both have no endemic species and are primarily composed of widely
distributed species (MWF 2019 and unpublished reports).

4.3.4. Seychelles

The Seychelles, due to their isolation, are characterized by a high degree of endemism,
especially in the terrestrial sphere. Table 15 presents the main figures on terrestrial
biodiversity (from Senterre et al. 2010, 2013, and the IUCN Red List 2021). Approximately
4,500 native species have been identified to date.

Table 15 Terrestrial biodiversity: endemic and threatened species in the Seychelles

Taxonomic No. of native No. of endemic Examples of threatened species
group species species in (IUCN Status)
(O = introduced Seychelles
Plants 545 vascular 133 vascular Medusagyne oppositifolia CR,
plants plants Vateriopsis seychellarum CR
[777 all plants] [147 all plants] | Rothmannia annae CR
(>980) all Impatiens gordonii CR

Drypetes riseleyi CR
Colea seychellarum EN
Glionnettia sericea EN
Lodoicea maldivica EN
Deckenia nobilis VU
Psychotria pervillei VU
Tarenna sechellensis VU
Allophylus sechellensis VU
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Pandanus balfouri VU

Mammals 6 (0) 5 Coleura seychellensis CR
(native = Pteropus aldabrensis VU
chiropterans) Mops pusillus VU
Birds 272 (6) 13 Terpsiphone corvina VU
Copsychus sechellarum EN
Zosterops modestus VU
Otus insularis CR
Falco araea VU
Aerodramus elaphrus VU
Coracopsis (nigra) barclyi VU
Foudia aldabrana EN
Snakes 2 (1) 2 Lycognathophis seychellensis EN
Lamprophis geometricus EN
Lizards, 6 (1) 4 Archaius tigris EN
geckos & 7 (3) 7 Archaius scychellensis EN
chameleons 2 2 Janetaescincus veseyfitzgeraldi EN
Janetaescincus braueri EN
Trachylepis wrightii VU
Ailuronyx trachygaster CR
Turtles 3 1 Aldabrachelys gigantea VU
Frogs 6 Sooglossus thomasseti CR
Sooglossus pipilodryas CR
Sechellophryne gardineri EN
Sechellophryne sechellensis EN
Caecilians 7 7 Grandisonia brevis EN
Praslinia cooperi EN
Freshwater 20 (5) 2
fishes
Freshwater >3,500 >2,000
invertebrates
Insects >2,900 (>135) >1,670 Delosia ornata CR
Carausius scotti CR
Pulposipes herculeanus VU
Euploea mitra EN
Allolestes maclachlani EN
Nocticola gerlachi EN
Graffaea seychellensis EN
Amphinotus pupulus EN
A. nymphula EN
Teinobsis alluaudi VU
Phalangacris phaloricephala VU
Arachnids >350 (15-30) =200 Phrynicus scaber VU
Crustaceans c.70 (5) c.24
Myriapods €.60 (3-13) c.34 Sechelleptus seychellarum EN
Mollusks c.67 (8) c.50 Pachnodus oxoniensis CR

Conturbatia crenata CR
Dupontia levensonia CR
Glabrennea silhouettensis CR
G. thomassetti CR
Stylodonta studeriana EN
Pachnodus fregatensis EN
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Mammals

The only indigenous terrestrial mammals in Seychelles are bats. All other mammals are
introduced, such as domestic animals (cattle, pigs, goats, rabbits, hares, cats, dogs, guinea
pigs), some of which have become wild, commensal rodents (Rattus norvegicus, Mus
musculus) or introduced species (Tenrec ecaudatus).

There are six species of bats, five of which are endemic. Only Mauritian tomb bat
(Taphozous mauritianus) is not endemic. Seychelles sheath-tailed bat (Coleura
seychellensis), which is one of the rarest mammals in the world (about 60 individuals) is
endemic to the granitic islands of the Seychelles. Seychelles fruit bat (Pteropus
seychellensis) is a large fruit bat endemic to and typical of the granitic islands, where it is
abundant. Aldabra flying-fox (Pteropus aldabrensis) is much rarer and with a more reduced
distribution, hence its EN status. Seychelles free-tailed bat (Mops pusillus, VU) and
Triaenops sp. have only recently been proposed as endemic to Aldabra (Goodman and
Ratrimomanarivo 2007; Goodman and Ranivo 2008, Bielsa et al. 2020).

Birds

In 2022, a total of 272 extant bird species were recorded in the Seychelles, including 62
breeding species, 30 annual migrants and 180 vagrants. There are also 10 extinct species,
four of which were introduced and established until being eradicated or becoming extirpated
naturally (Skerrett et al., SBRC website and pers. comm.).

Several species are known to have become globally extinct since humans colonized the
islands, including Seychelles yellow white-eye (Zosterops semiflavus) and Seychelles
parakeet (Psittacula wardi) on the granitic islands, and Aldabra brush warbler (Nesillas
aldabranus), which is considered extinct as it has not been seen since the 1980s. The
Seychelles are home to a large number of seabirds, on both the granitic and the outer
islands. Some colonies are home to more than a million birds and are among the largest in
the Indian Ocean (e.g., frigatebirds and gannets on Aldabra and Cosmoledo atolls), and the
largest in the world for some particular species (noddies and tropical shearwaters on Aride).

There are currently 30 endemic taxa, including 15 species of birds endemic to the
Seychelles, most of which are globally threatened, and 15 endemic subspecies currently
present in the Seychelles.

Reptiles and amphibians

Approximately 25 species of terrestrial reptiles are present in the Seychelles; 21 of these
are native and 16 endemic to the Seychelles.

Aldabra has the largest surviving wild population of giant tortoises in the world (over
100,000) and several (re)introduced populations exist on most of the granitic and coralline
islands (the main ones being on Frégate and Curieuse). Two turtles described as endemic
subspecies also occur in the Seychelles, yellow-bellied pelusios turtle (Pelusios castanoides
intergularis) and Seychelles black mud turtle (P. subniger parietalis), although the latter is
now considered an invalid subspecies (Fritz et al., 2013). With the habitats of pond turtles
declining on the larger developed islands of the Seychelles, two populations of P. subniger
parietalis have been re-created on North Island and Aride island, and populations of both
species have been enhanced on Silhouette (Gerlach et al., 2013).

The Seychelles also has the highest rate of endemism among amphibians of any island
group in the world; 12 out of 13 species are endemic (92 percent). These include seven
endemic species of caecilians (blind, limbless burrowing amphibians), two of which are
considered globally threatened. They also include five endemic species of frogs: four
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members of the Sooglossidae (an endemic family with close relatives in India), all of which
are globally threatened; and Seychelles tree frog (Tachycnemis seychellensis).

Freshwater fishes

Approximately 25 species of freshwater fishes (Keith et al. 2006) exist in the Seychelles,
although some species may live in both fresh, brackish or salt water at different stages of
their lifecycle (such as eels). Only two species are considered endemic to the Seychelles:
Pachypanchax playfairii; and Parioglossus multiradiatus. Neither is considered threatened.

Invertebrates

It is estimated that over 3,500 species of native terrestrial invertebrates are present in the
Seychelles, of which about 60 percent are endemic, the most diverse group by far being
insects. These endemic species are mainly found on the granitic islands and in the Aldabra
group, and some can also be found in the coral islands. Desroches island (Amirantes) is the
only known site for two endemic cockroach species: Delosia ornate; and Margatteoidea
amoena.

Endemic invertebrate flagship species include giant Seychelles millipede (Sechelleptus
sechellarum; EN; Gerlach 2014a), Seychelles whip spider (Phrynichus scaber; EN; Gerlach
2014b), and the leaf insect Phyllium bioculatum, assessed as non-threatened although
extremely rare (G. Rocamora, pers. comm.). Giant tenebrionid beetle (Polposipus
herculeanus; VU) is restricted to Frégate island (Gerlach 2014c).

After insects, spiders are the group with the greatest biodiversity (about 350 native species,
60 percent endemic), followed by crustaceans (72 native species, 24 endemic) and mollusks
(67 native species, 75 percent endemic). Insects and mollusks are the only terrestrial
invertebrate groups for which globally threatened species have been identified in the
Seychelles; there are a total of 36 globally threatened insects (6 CR, 18 EN and 12 VU) and
53 globally threatened snails (21 CR, 30 EN and 2 VU).

4.4. Species Diversity and Endemism: Marine Biodiversity

More than 10,000 species of shallow-water marine animals have been identified in the
western Indian Ocean, including more than 2,000 species of fish.

The western Indian Ocean is home to 211 species of chondrichthyans, including 128 species
of sharks and 79 batoids (rays, skates, etc.) and four species of chimaera (Kiszka and van
der Elst 2015). This is equivalent to about 23 percent of these species globally. Eleven shark
species are endemic to the western Indian Ocean (Kiszka et al. 2009b; Table 16).

Table 16 Endemic shark species in the western Indian Ocean

Species Marine area
Squalus lalannei, Centrophorus secheyllorum Seychelles
Chiloscyllium caeruleopunctatum, Halaelurus clevai, Narcine insolita, | Madagascar
Dipturus crosnieri, Fenestraja maceachrani, Rhinobatos petiti
Scyliorhinus comoroensis Comoros
Sources: Compagno (1984); Bauchot and Bianchi (1984); BIODEV (2008).

The southwestern Indian Ocean is home to five of the world’s seven species of marine
turtles, comprising green turtle (Chelonia mydas), hawksbill turtle (Eretmochelys imbricata),
olive ridley turtle (Lepidochelys olivacea), loggerhead turtle (Caretta caretta), and
leatherback turtle (Dermochelys coriacea). It represents a major region at the global level,
for the reproduction and feeding of these species (IFREMER 2013). Particularly important
nesting sites for marine turtles exist in the Comoros, the Seychelles and the Scattered
Islands.
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The western Indian Ocean is an important area for marine mammals, with eight Important
Marine Mammal Areas (IMMASs) identified?!3:

e (1) Southwest Madagascar and the Mozambique Channel, (2) the Seychelles Plateau
and Adjacent Oceanic Waters, and (3) the Mascarenes and Associated Oceanic
Features are important for false killer whale (Pseudorca crassidens), short-finned
pilot whale (Globicephala macrorhynchus) and Risso’s dolphin (Grampus griseus)
(Tetley et al. 2012), as well as for other flagship species.

e (4) The Madagascar Central East Coast (including Antongil Bay and lle Sainte Marie),
(5) the Shelf Waters of Southern Madagascar, and (6) the Comoros Island Chain and
Adjacent Reef Banks are important for humpback whale (Megaptera novaeangliae).

e (7) Northwest Madagascar and the Northeast Mozambique Channel is important for
Antarctic blue whale (Balaenoptera musculus intermedia), pygmy blue whale (B. m.
brevicauda), fin whale (B. physalus), sperm whale (Physeter macrocephalus) and
other large whale species.

e (8) Aldabra Atoll supports the only known remaining population of dugong (Dugong
dugon) in the Seychelles, as well as providing a mating, calving and nusery area for
humpback whale.

Large cetacean populations are a tourist attraction in several coastal regions of the hotspot,
such as Antongil Bay and lle Sainte Marie in Madagascar, which are important breeding
areas for humpback whale. The distribution of cetaceans in the western Indian Ocean is
shown in Table 17.

Table 17 Distribution of cetaceans in the western Indian Ocean

Country Island Dolphins| Beaked Sperm Whales Right Total
whales whales whales | Species

Comoros Great Comoros 8 1 1 1 0 11
Mohéli 8 2 1 1 (0] 12

Republic of

Mauritius 6 1 1 3 1 12

Seychelles Mahé 6 2 2 3 0 13
Aldabra 8 2 1 3 0 14
South Islands 7 2 1 4 0 14
North Islands 7 2 1 4 0] 14
Seychelles Bank 7 2 1 3 0 13
West 6 2 1 3 0 12

Madagascar | Toliara 7 0 2 1 1 11
East Coast 7 0 2 1 0 10
Northeast Coast 8 0 2 1 0 11
West Coast 7 0 2 1 0 10
South Coast 8 0 2 2 0 12
Southwest Coast 6 0 2 2 0 10

Sources: AIDE (2008); Biodev (2008); TAAF (pers. comm. 2014).

13 Marine Mammals Protected Areas Task Force: https://www.marinemammalhabitat.org/imma-eatlas/
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Marine invertebrates represent an important economic resource (fishing for sea cucumbers,
lobsters, crabs, octopuses, etc.) in the MADIO Hotspot. The most recent assessment of the
western Indian Ocean indicates that the region supports at least 8,627 species of shallow-
water invertebrate macrofauna (Cooke 2012). As with terrestrial invertebrates, data gaps
remain, both in taxonomy and in distributions and population trends.

Studies by Richmond (2001) report 419 species of echinoderms in the western Indian
Ocean, 373 of which are distributed around East Africa and Madagascar; of which 81 species
are endemic to the region. For the marine areas around Madagascar, 1,400 species of
marine gastropods, 306 species of sponges and 650 species of cnidarians have been
recorded (Vasseur 1981). On the reefs of Madagascar’s Toliara region, 779 species of
crustaceans were recorded in 1978 (Thomassin 1978). In the Seychelles, it is estimated
that there are 450 species of bivalves, 350 species of sponges, 155 of echinoderms and 165
species of marine crustaceans (J. Nevill pers. comm.).

4.4.1. Madagascar

Madagascar is an island with a high potential for coastal and marine biodiversity. The main
marine and coastal ecosystems include mangroves, coral reefs, lagoons, sandy beaches,
pebble beaches and rocky outcrops.

The flora of mangrove ecosystems is composed of mangrove species, forming large stands.
The flora of the reef areas includes seaweeds and marine phanerogams.

The state of knowledge on the exploitation of marine and coastal resources is limited to
censuses, distribution and stock assessments. The main targets of the fisheries are
crustaceans, including shrimps, lobsters and crabs. The potential of mollusk resources has
not yet been studied, while sea cucumbers are being overexploited in Madagascar without
any precise evaluation. In comparison, the exploitation of fish is relatively well known.

The threats to Madagascar’s marine biodiversity are related to the coastal and marine
environments even though they are considered relatively preserved to date. The main
threats are fishing, pollution, deforestation of mangroves, coastal erosion and tourism.

Madagascar’s marine and coastal ecosystems contain the largest community of living marine
organisms and are among the most biologically productive in the world. Their richness in
species makes them one of the most important places for biodiversity on the planet.

Madagascar is home to several endemic marine species, including Chiloscyllium
caeruleopunctatum, Halaelurus clevai, Narcine insolita, Dipturus crosnieri, Fenestraja
maceachrani, and Rhinobatos petiti (Compagno 1984, Bauchot and Bianchi 1984, BIODEV
2008).

For marine invertebrates, the marine areas around Madagascar are home to 1,400 species
of marine gastropods, 306 species of sponges and 650 species of cnidarians (Vasseur
1981). Marine invertebrates (including sea cucumbers, lobsters, crabs, and octopuses)
represent an important economic resource from the point of view of economic and food
security.

The 2017 list by Fricke et al. (2018) includes 137 new marine fish records for Madagascar,
bringing the number to 1,540 species of actinopterygian marine fishes, including 30
endemics (Table 18). These 1,540 recorded species belong to 191 families and 29 orders.
The Perciformes group account for 57 percent of the species, the next order in terms of
number of species being the Anguilliformes (7 percent of species). The family with the next
most species is the Gobiidae, followed by the Labridae and the Serranidae.

34



Table 18 Marine ray-finned fish species endemic to Madagascar

Order Number of endemic marine fish species

Anguilliformes

Siluriformes

Ophidiiformes

Lophiiformes

Atheriniformes

Stephanoberyciformes

PR [(RINN[PA

Bercyiformes

Perciformes 16

Pleuronectiformes 2

Source: Fricke et al. (2018).

Nine marine mammal species have been recorded, including two classified as vulnerable:
sperm whale; and dugong (REBIOMA 2017). Madagascar is home to 72 species of sharks,
including two endemic species: Bythaelurus clevai; and Chiloscyllium caeruleopunctatum.
Four species are critically endangered: Pseudoginglymostoma brevicaudatum; Sphyrna
mokarran; Sphyrna lewini; and Carcharhinus longimanus. Fourteen species are endangered,
including whale shark (Rhincodon typus), and 21 species are vulnerable. Thirty-six species
of batoids (skates, rays and sawfish) have been recorded in Madagascar, including three
critically endangered species (Rhynchobatus australiae, Rhina ancylostom and Pristis
pristis), seven endangered species and eight vulnerable species (WCS 2021).

4.4.2. Comoros

The coastal and marine fauna of the Comoros is rich and includes elements of global
importance. However, there are many gaps in the knowledge of this richness. The species
associated with coral reefs are very numerous (fish, crustaceans, and mollusks), but they
have not been systematically studied. It is estimated that there are nearly 820 species of
marine fish (coastal and pelagic) in the Comoros combined.

Endangered marine species

The 1938 discovery of coelacanth (Latimeria chalumnae) was one of the most extraordinary
biological finds of the century. This crossopterygian “fossil-living” fish, whose origins date
back to about 370 million years ago, is closely related to the common ancestor of all
tetrapod vertebrates. By its antiquity, the presence of coelacanth in the territorial waters of
the Comoros is certainly one of the major elements of biodiversity of the region. Coelacanth
inhabits deep underwater caves (between 170 and 230 m below sea level) in the coastal
waters off Grande-Comores, along the coast from Salimani to Sima Mbwani, with Itsundzu
as the central area. Catches have also been reported from the coast between Moroni and
Hahaya. The coelacanth population in Grande-Comores is currently estimated at around 400
individuals.

In addition to coelacanth, four species of marine turtles frequent the waters of the Comoros,
namely green turtle, hawksbill turtle, loggerhead turtle and leatherback turtle. Green turtle
and hawksbill turtle are the only ones to nest on the islands’ sandy beaches. The main
reproduction period is around May for green turtle, and between November and March for
hawksbill turtle. The egg-laying sites are threatened by increasing human activity in coastal
areas (particularly the removal of materials such as beach sand for construction and
urbanization) and by predation of turtles for their meat, eggs, oil, carapace and scales,
despite this being banned.
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On Grande Comore, marine turtles can be observed in the coastal waters off the island. The
beaches of Malé, Mbashilé, Maludja and Ivwani show relatively rare traces of egg-laying. Of
the 89 beaches of Mohéli island, with a total length of 26.5 km, about 40 percent are
obvious turtle nesting sites. These are mainly the beaches of Itsamia, Nioumachoua islets,
and the northwest. These beaches benefit from protection by village associations and the
few members of the Environment Department present on the island, who carry out
voluntary actions for the protection of the sites from sand extraction and turtle predators.

In the waters of the archipelago, there are at least 12 species of whales and dolphins,
including humpback whale. Southern right whale (Eubalaena australis) and Bryde’s whale
(Balenoptera brydei) are also frequently encountered. The following dolphin species are also
present in Comoros: Indo-Pacific humpback dolphin (Soussa chinensis); spinner dolphin
(Stenella longirostris); common bottlenose dolphin (Tursiops truncatus); and short-beaked
common dolphin (Delphinus delphis).

Whales and dolphins can be found in the southeastern waters off Grande Comore, between
Itsandra and Chandini, in the southwestern part of Anjouan off Pomoni and Moya, and in
Mohéli around Mohéli National Marine Park. Whales are mainly observed between August
and November, when they come to breed.

Dugong is generally observed between August and October. Its preferred habitat is coastal
lagoons, where the coral provides shelter from the rough waters of the open ocean, and
where the sandy bottom allows the development of seagrass beds.

With regard to marine mollusks, some marine shellfish are threatened by various fishing
techniques used in Comoros. They are Choriona tritonis, Cipraecassis rufa, Cassis cornuta,
Lambis sp., Turbo marmorato, Tridacha squamosa, T. maxima, Hippopus hippopus and
Pinctada spp. Only one marine mollusk is recognized as endemic to the Comoros: Chiton
comorensis. Cyprae spp. mollusks (cowrie shells) are probably the most popular exotic
shellfish for their monetary, ornamental, ritual and magical value. Many species of mollusks
are threatened with extinction by illegal and destructive fishing methods, including use of
explosives and small-mesh-size nets. The richest areas have not yet been inventoried, but
they seem to be abundant in the most preserved areas such as Beit Salam in Itsandra,
Grande Comore and Mea islet in Mohéli.

Crustaceans, such as green lobster Palinurus spp. and coconut crabs Birgus latro, which are
consumed by tourists, are also among the threatened species.

Coastal fishes

Coastal fishes live in coastal marine waters to a depth of about 200 m. The richness of
coastal fishes in Comoros is low compared to other countries in the region, because of the
narrowness of the continental shelf. About 820 species of coastal fish are currently known.
The most common are Chaetodon spp., Pomacanthurus imperator, Apolemichthys
trimaculatus, Abudefduf saxatilis, Acanthurus leucosternon, Dascyllus trimaculatus, Caesio
xanthonotus, Pterois spp., Pteropterus radiata, Variola louti, Myripristis sp., Cephalopholis
argus, and Priacanthus hamrur. Coelacanth is the only known endemic species. The vast
majority of coastal fishes live in coral reefs. Others live offshore and regularly come to the
corals to feed on small fish.

Offshore fish

Offshore fishes are found off the Comorian waters. They are often migratory fish that

regularly come to hunt a few kilometers from the coast. The most numerous deep-sea or
pelagic fish in the Comoros are Indo-Pacific sailfish (Istiophorus platypterus), blue marlin
(Makaira mazara), wahoo (Acanthocybium solandri), skipjack tuna (Katsuwonus pelamis),
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yellowfin tuna (Thunnus albacares), bigeye tuna (T. obesus), rainbow runner (Elagatis
bipinnulata), and bigeye scad (Selar crumenophthalmus).

Octopuses

Octopuses can be found in all the coral reefs of the Comoros. However, the sites known for
their abundance are Mitsamiouli, Chindini, Malé, Nioumachouoi Islands, Wallah, Itsamia,
Pomoni, Moya and Ouani.

Sea cucumbers

Holothurians or sea cucumbers are found on all the seabeds of the Comoros where they are
distributed in different zones. The outer slopes and passes are colonized mainly by
Holothuria nobilis, H. excellens, H. edulis, H. fuscogilva, Thelenota ananas and Bohadschia
argus. Actinopyga miliaris, H. atra, H. coluber and H. leucospilota are found on the inner
reef flats and H. cineracens, H. impatiens, A. mauritiana, A. echinites and Stichopus
variegatus on the outer reef flats. The outer lagoon is colonized by B. maculisparsa, B.
marmorata and H. fuscopunctata. In the bays (mangroves), H. scabra, B. vitiensis, B.
similis and H. flavomaculata are found.

Lobsters

Lobsters are found on almost all the reefs of the Comoros. Several species of lobster inhabit
the reefs of the Comoros, including Palinurus japonicus, P. ornatus, P. versicolor and P.
longipes. This last species is the most coveted and exploited in Comoros. It is mostly found
on the external slope of the reefs, often taking refuge at the foot of large corals, such as
Porites. It tends to go up at night towards the flats, where it easily becomes the prey of
fishermen.

Marine flora

The marine flora of the Comoros seagrass beds is ecologically important, because it serves
as a support for many fixed organisms (algae, hydraires, bryozoans and ascidians) and as a
refuge for many marine species, such as gastropods, small crustaceans and fishes such as
wrasses, scares, spinefoots and emperor breams.

The seagrass beds in the Comoros are located within lagoons. The most frequent genera of
seagrass observed along the Comorian coasts are Gracilaria, Jania, Lithotamnium, Padina,
Ulva, Codium, Halimeda, Halodule, Halophylla, Porolithon, Thalassia, Zostera, Syringodium
and Cymodoce. There are also many algae in this area, some of which are filamentous (turf
algae), as well as the brown algae Turbinaria and Sargassum.

4.4.3. Mauritius

The marine biodiversity literature for the Republic of Mauritius is scattered. Knowledge of
marine groups in the country is lacking for many groups, or incomplete for others. Most of
the known organisms are coastal dwellers. Little is known about pelagic and benthic groups
(Bhikajee 2004). Even with these limitations, compilations of the literature show that there
are about 1,700 known marine species in the Republic of Mauritius to date. A checklist of all
species names (including synonyms and invalid names) for the different groups by
island/atoll can be found on the Mauritian Oceanographic Institute (MOI) database (MOI
2007). In many cases, however, some records are old and do not specify the sampling
locality, hence the distribution of species is provisional.

Marine mammals

Seventeen species of marine mammals have been recorded in Mauritian waters (Bhikajee
2004). In the territorial waters of the Republic of Mauritius, some whales can be easily
observed during their migration to and from Antarctica for calving, such as humpback whale
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and sperm whale. Some dolphins are resident in Mauritian lagoons, such as spinner dolphin
and common bottlenose dolphin.

Dugong, once common in the lagoons of Mauritius and Rodrigues, as evidenced by Dutch
drawings from the 17™ century, has now disappeared. It is possible that the species occurs
in the territorial waters of the Republic of Mauritius, as the species has been sighted in
Aldabra in the Seychelles and is also present in Madagascar and the Comoros.

Reptiles

Two species of marine turtle (green turtle and hawksbill turtle) are found in the waters of
the Republic of Mauritius. Turtles still use beaches on the islands of Saint Brandon and
Agaléga for nesting but this is declining due to hunting, egg collection, and invasive species
(Griffiths and Tatayah 2006, Webster and Cadinouche 2013, MWF 2019).

Fishes

In the Republic of Mauritius, there are at least 1,074 species of fish, of which five are
endemic and 22 are introduced. Eight-hundred-and-two species are reef-associated, 73 are
pelagic, and 44 are deep-sea fishes. Two-hundred-and-three are game fishes, while 22 are
commercial fishes.

In Rodrigues, 493 species of fish have been recorded, two of which are endemic:
Pomacentrus rodriguesensis; and Chlidichthys foudioides (Heemstra et al. 2004).

Marine flora

In Mauritius, 435 algae and six seagrass species have been described (Ramah et al. 2013).
Mauritius has a rich algal flora with more than 160 genera identified in the coastal waters.
On Rodrigues, 60 red algae (de Clerck et al. 2004), 60 green algae and 18 brown algae
have been recorded but the algae of Rodrigues are considered as a poor flora compared to
those of Mauritius (Coopejans et al. 2004).

Coral reefs

There are approximately 750 km? of coral reef habitat on the whole of Mauritius, distributed
relatively evenly among Mauritius, Rodrigues and Saint Brandon (Turner and Klaus 2005).
There are five types of reef: (i) fringing reefs; (ii) patch reefs; (iii) atolls; (iv) reef flats; and
(v) barrier reefs.

At least 159 species of stony corals have been recorded (Pillay et al. 2002), although this
number is an underestimate, as more species have been discovered recently. Around
Mauritius island, 163 coral species have been recorded and Rodrigues has a very similar
number: 130 species including one endemic, Acropora rodriguensis (Ferner et al. 2004).
The monitoring of corals around Mauritius island shows a strong reduction of the cover
during the last years (up to 70 percent), with a much lower decrease for Rodrigues
(Hamada et al. 2008; Figure 2).
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Figure 2 Average coral cover on the reef slopes of the western Indian Ocean
islands, with Mauritius in red and Rodrigues in yellow (from Hamada et al. 2008)

Crustaceans

Twenty-one species of crustaceans are found in Mauritius (Bhikajee 2004). Five species of
penaeid shrimp can be found near the Mauritian coast (Bhikajee 2004, ICZM 2009). In
Mauritius, 138 species of gammerid amphipods are known, of which 32 percent are endemic
(Appadoo and Steele 1998).

Echinoderms

A high degree of endemism (38 percent) is recorded in the Melitidae and Corophiidae
families for Mauritius island. Off Rodrigues, 74 species of echinoderms have been recorded,
including three species of Crinoidea, 10 species of Asteroidea, 17 species of Ophiuroidea, 15
species of Echinoidea and 29 species of Holothurioidea (Rowe and Richmond 2004).

Mollusks

109 species of marine bivalves are currently known from waters off Rodrigues, including one
endemic species of oyster (Crassostrea edulis) (Oliver et al. 2004). This level of diversity is
similar to that of Mauritius island and the Seychelles (Oliver et al. 2004).

4.4.4. Seychelles

The marine biodiversity of Seychellois waters is still poorly studied and researched,
especially considering the geographical extent and diversity of the habitats in question.
Therefore, the information contained here considerably under-represents the occurrence of
species both because of the lack of research and the absence of authoritative compendia on
the work undertaken to date. Marine life in the Seychelles is estimated to total at least
3,000 species (Table 19).
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Table 19 Marine biodiversity in the Seychelles

Taxonomic group

Number of
species

Species endemic
to the Seychelles

Globally threatened species

Macroalgae

350

Scleractinian corals
(stony corals)

>300

Acropora roseni EN
Acropora rudis EN
Acanthastrea hemprichii VU
Acanthastrea ishigakiensis VU
Acropora aculeus VU
Acropora anthocercis VU
Acropora echinata VU
Acropora hemprichii VU
Acropora horrida VU
Acropora microclados VU
Acropora pharaonis VU
Acropora polystoma VU
Acropora spicifera VU
Acropora verweyi VU
Anomastraea irregularis VU
Catalaphyllia jardinei VU
Fungia seychellensis VU
Horastrea indica VU
Leptoseris incrustans VU
Montastrea serageldini VU
Montipora australiensis VU
Montipora friabilis VU
Montipora lobulata VU
Montipora orientalis VU
Pachyseris rugosa VU
Pavona bipartita VU
Pavona cactus VU

Pavona danai VU

Pavona venosa VU
Pectinia africanus VU
Physogyra lichtesteini VU
Pocillopora indiania VU
Turbinaria peltata VU
Turbinaria stellulata VU

Octocorallian corals
(blue corals, soft corals,
gorgonians, etc.)

>70

Cetaceans

26

Balaenoptera borealis EN
Balaenoptera musculus EN
Balaenoptera physalus VU
Physeter macrocephalus VU

Sirenians

[

Dugong dugon VU

Marine turtles

Dermochelys coriacea VU
Eretmochelys imbricata CR
Caretta caretta VU
Chelonia mydas EN
Lepidochelys olivacea VU

Sea snakes
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Taxonomic group

Number of

Species endemic

Globally threatened species

species to the Seychelles
Reef fishes =400 Amphiprion Albula glossodonta VU
fuscocaudatus Thunnus obesus VU
Lethrinus Bolbometopon muricatum VU
enigmaticus Cheilinus undulatus EN
Epinephelus lanceolatus VU
Sharks 68 Squalus lalannei Sphyrna lewini EN
Centrophorus Sphyrna mokarran EN
seychellorum Carcharhinus longimanus CR
Carcharodon carcharias VU
Carcharhinus obscurus VU
Carcharhinus plumbeus VU
Carcharias taurus VU
Centrophorus granulosus VU
Centrophorus squamosus VU
Isurus oxyrinchus VU
Nebrius ferrugineus VU
Negaprion acutidens VU
Pseudoginglymostoma
brevicaudatum VU
Rhincodon typus VU
Sphyrna zygaena VU
Skates, rays and 9 Aetomylaeus maculatus EN
sawfish Manta birostris VU
Himantura uarnak VU
Rhinoptera javanica VU
Taeniura meyeni VU
Urogymnus asperrimus VU
Rhynchobatus djiddensis VU
Rhina ancylostoma VU
Pristis pristis CR [probably
extinct in Seychelles waters]
Seahorses 1 Hippocampus histrix VU
Crustaceans 165 Eupontonia noctalba
Jocasta platysoma
Periclimenaeus
manihinei
Periclimenes
compressus
Periclimenes difficilis
Bivalves 450
Sea Urchins 33
Star fish 32
Sea cucumber 35
Crinoides 10
Ophiuroides 44
Sponges c.350 18 species known

only from the
Seychelles
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Marine mammals

There are 26 known cetacean species frequenting the waters of the Seychelles, including
such globally threatened species as sei whale (Balaenoptera borealis), blue whale, fin whale
and sperm whale, as well as eight species of dolphins. There is a small but growing
population of dugong (VU) of 20-25 individuals found around Aldabra atoll (SIF, in litt.).
Dugong is the most threatened marine mammal in the western Indian Ocean.

Marine reptiles

Five marine turtles can be found in Seychellois waters, all globally threatened. Hawksbill
turtle (CR) and green turtle (EN) are the most numerous locally, although much reduced
compared to historical numbers. They nest on beaches; the former mainly on the granitic
archipelago and the latter on the southern outer islands. Loggerhead turtle (EN),
leatherback turtle (CR) and olive ridley turtle (VU) do not breed in the Seychelles but are
occasionally encountered at sea. Yellow-bellied sea snake (Hydrophis platurus) is also
occasionally found in the coastal seas of the Seychelles.

Marine fishes

There is no definitive list of marine fishes for the Seychelles but it is known that there are
about 1,000 species identified to date. Endemism is low, assumed to be about 1 percent,
and includes Seychelles clownfish (Amphiprion fuscocaudatus) and black-eyed emperor
(Lethrinus enigmaticus). There are, however, various regional endemics present in
Seychellois waters, such as Seychelles barbel fish (Parupeneus seychellensis), Seychelles
squirrel fish (Sargocentron seychellense), Seychelles soldierfish (Myripristis seychellensis)
and Zanzibar butterflyfish (Chaetodon zanzibarensis). There are various globally threatened
species, especially among species towards the top of the food chain, such as sharks and
groupers.

Corals

It is estimated that 300 to 350 species of corals occur in the Seychelles, some of which are
listed as globally threatened on the IUCN Red List. Prior to 1998, Seychellois coral reefs had
good live coral cover and supported diverse reef communities. However, the whole scenario
changed with a severe El Nifio and Southern Oscillation (ENSO)-related bleaching event in
1998. Fast-growing Acroporas and Pocilloporas corals suffered the most, and a phase
change from living coral cover to coral-rubble/macroalgal-dominated reefs was initiated.
The impact of coral bleaching was most severe on the Mahé Plateau, with reefs there
experiencing 80 to 90 percent mortality of living coral cover. The outer islands, particularly
the southern islands, were generally less affected, with less than 40 percent coral mortality,
perhaps due to upwelling of cold water along the steep volcanic slopes and reduced
anthropogenic stress around these islands and the atoll corals, as the lagoons naturally
have greater temperature tolerance. It took 17 years for the coral reefs of the inner islands
to recover to pre-bleaching live hard coral cover. Another mass coral bleaching event
occurred in early 2016, which reduced the average coral cover to less than 10 percent.
However, it appears that recovery from the 2016 event was faster than in 1998, possibly a
sign that corals are becoming more resilient.

Other marine invertebrates

The Seychelles have a rich diversity of marine invertebrates. Four-hundred-and-fifty species
of mollusk, 165 species of shrimp, 55 species of sea anemone, 155 species of echinoderm
and 350 species of sponge have been identified according to the limited research
undertaken to date.
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5. CONSERVATION OUTCOMES FOR THE HOTSPOT

The ecosystem profile for the MADIO Hotspot reflects CEPF's commitment to conservation
outcomes, allowing it to measure the success of investments and establishing a scientific
basis for determining the geographic and thematic focus of its investment.

Conservation outcomes can be defined at three levels (species, sites and corridors),
simplifying a continuous hierarchical spectrum of ecological scales. These three levels are
linked geographically, as corridors contain the sites that support species. They are also
linked logically: for a species to be conserved, the site that supports it must be protected,
while sites must be connected at the scale of landscapes or seascapes if they are to be
resilient to climate change and to continue to provide essential ecosystem services. When
conservation outcomes are met, they deliver proven results, such as extinctions avoided (at
the species level), sites protected (at the site level) and corridors consolidated (at the
