
A collaborative project for supporting MSP 
development 

in Western Indian Ocean



A project managed by UICN

A project implemented in collaboration 

with CORDIO

A seed-money / pilot project

Aiming at 

➢ fostering regional cooperation on MSP 

and 

➢ supporting Nairobi Convention and its 

Parties

Drawn up on interconnectivity 

and common needs

Driven by a partnership 

and collaborative approach 



MASPAWIO Objectives / Activities

• Supporting Nairobi Convention and its 
Parties  

• Thinking  MSP beyond the borders & 
fostering regional cooperation

• SDGs & Aichi targets
• Sustainable Blue economy 

➢ Mapping /Atlas with available data
➢ Integrating connectivity
➢ Modelling connectivity evolution
➢ Co-defining  strategic orientations 













Introduction    - Methods - Western  Indian Ocean          - South Africa-Réunion Island

• To evaluate coral reefs 
ecosystems connectivity 
patterns in the Western Indian 
Ocean, using a dispersal model

• To test different scenarios 
concerning habitat degradation 
consequences on coral reef 
ecosystems connectivity 
patterns, to better inform 
anticipatory planning and 
management of coastal and 
marine resources Habitat degradation



Centrality sites 
determined through 
connectivity analysis



Introduction    - Methods - Western  Indian Ocean          - South Africa-Réunion Island

• CONNECTIVITY = exchanges of individuals between distinct populations            

(larvae, juveniles, adults)

• Larval transport is the main process 

underlying connectivity.

 Difficult to study because of physical 

processes ( hydrodynamic transport : 

advection / diffusion); biological 

characteristics (PLD, swimming abilities , 

behavior, survival)



Introduction    - Methods - Western  Indian Ocean          - South Africa-Réunion Island

A

B

Self

recruitment

DispersionDispersion is hard to study due to larvae size, long dispersal 

distance, and depend on species  knowledge of 

connectivity patterns is crucial for effective management

Bipartite life cycle:

 pelagic early life stage 

 benthic reef associated 

stage 



Introduction    - Methods - Western  Indian Ocean          - South Africa-Réunion Island

Hydrodynamic
connectivity models

Follow virtual individuals across 
large scales

Limited temporal and 
spatial coverage



• South Equatorial Current

• Mozambique Channel Eddies

• East Madagascar Current

• East African Coastal Current

• Somali Current

• Agulhas Current





Coral reef ID and % cover maps 
habitat, shoreline

Larval density time
series rasters

Ocean currents data
Temporal & spatial 

resolution depending on 
the study area
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(From Treml & al, 2008)

Matrix = pair of sites / peak 
concentration of larvae
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2D eulerian advection-diffusion algorithm Larvae = passive particles

Biological parameters
release date, PLD



Edge list features 

Migration matrices

Connectivity matrices

Clustering

Betweenness centrality 
index
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BETWEENESS CENTRALITY

7 reefs : Occurrences  = 4  the most important for 
multigenerational connectivity within the WIO



• Only 3 sites of high 
centrality (Nb. O = 4), 
hosts an MPA

Europa, Mayotte, Moma, 
Angoche

• Other high centrality 
sites can be considered 
as priority sites for MPA 
implementation

Cosmoledo, Majunga,    
Masoarivo

• 4 more sites can be
added : Nb. O = 3

Platte, Farqhar, Agalega
Geyser

+ Reef 25 (Pebane) 
completely isolated for all 
PLD 
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Muths et al., 2012 (a); Bourjea, 2014 (b)

• Nb connections ↗ with PLD

• Low regional connectivity

• High interconnectivity within sub-regions 
(Mozambique Channel, Mascarene archipelago)

• Results congruent with genetic analysis on:

Reef fish Muths et al. (2011, 2012, 2014): 
E.merra, L. kasmira et M. berndti

Turtles  Bourjea et al. (2007)

Brittle star  Hoareau et al. (2013)

• Results congruent with biogeographic studies 
 Obura (2012): coral triangle (high diversity -
Northern Mozambique Channel)

• Similarities with turtles conservation priority 
areas  Bourjea (2014)



Muths et al., 2012 (a); Bourjea, 2014 (b)

• Nb connections ↗ with PLD

• Low regional connectivity

• High interconnectivity within sub-regions 
(Mozambique Channel, Mascarene archipelago)

• Results congruent with genetic analysis on:

Reef fish Muths et al. (2011, 2012, 2014): 
E.merra, L. kasmira et M. berndti

Turtles  Bourjea et al. (2007)

Brittle star  Hoareau et al. (2013)

• Results congruent with biogeographic studies 
Obura (2012): coral triangle (high diversity -
Northern Mozambique Channel)

• Similarities with turtles conservation priority 
areas  Bourjea (2014)

Crucial to have a multi-specific approach at the regional scale to elaborate 
suitable management plans



• Connectance, which is quite weak (16%) decreases depending 
on degradation level to reach 7%.

CONNECTANCE

Degradation level (%)

0 20 50 70 90

Connectance (%) 16 15 14 12 7



• Reef centrality change 
depending on the 
degradation index

• It completely modifies 
the network nodes for 
multigenerational 
connectivity

BETWEENESS CENTRALITY



Habitat degradation 20% 50% 70% 90%
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CLUSTERING

• Similar clusters for 
degradation indices = 20, 
50%

• From 70%, Mascarene 
archipelago islands begin 
to be completely isolated 
from the other 
islands/reefs.



 Large scale connectivity : not only self-recruitment, ecosystems are linked

 Conservation efforts have to be designed relatively to connectivity patterns
(distinguishing sink/source sites)
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Thank you


