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Background 

The health and functioning of coral reef ecosystems in the western Indian Ocean are in 

decline due to anthropogenic stress, and the rate of decline is set to accelerate with mounting 

anthropogenic pressures. Marine reserves have become important tools in mitigating these 

pressures and one of the most critical factors in determining their spatial design is the degree 

of connectivity among populations. However, the spatial scale and strength at which 

populations are potentially connected by dispersal remain uncertain. To address this 

uncertainty for the western Indian Ocean, a biophysical model was used to quantify the 

dispersal potential of larvae over a region bounded by 0-18°S and 38-58°E. 

The objectives were to: 

1. Identify the extent of connectivity across the WIO the region; 

2. Evaluate the major spatial connectivity patterns; 

3. Determine the importance of each site and pathway for regional connectivity; 

4. suggest areas that might be prioritized for marine conservation efforts in the region.  

 

Methods  

The modelling approach used in this study has three components: (1) a physical 

oceanographic component containing daily 3-D current velocities from hydrodynamic model, 

(2) a benthic module representing habitats for coral reefs, and (3) a Lagrangian module which 

takes the current fields from the hydrodynamic model to track the trajectory of individual 

larvae released in the domain.  

Reef habitats for particle release and settlement were downloaded from UNEP-WCMC 2010 

(http://data.unep-wcmc.org/datasets/1) and applied to the study area. The reef distribution 

polygon was then re-gridded onto a 1/12° cells using QGIS creating habitat cells that define 

the release (centroids) and settlement (polygons) locations or nodes. The hydrodynamic 

model used is the Regional Ocean Modelling System (ROMS) which is a split-explicit, free-

surface ocean model discretized in coastline and terrain-following curvilinear coordinates. 

The ROMSTOOLS package was used for the design of the model configuration built over the 

study domain (bounded by 0-18°S and 38-58°E) at 1/12
o
 (or ~9 km resolution). The daily 

outputs of zonal and meridional velocities from ROMS were used to simulate passive larval 

dispersion using a Lagrangian model known as Ichthyop. one thousand model larvae were 

released from each of the centroids at the surface every month over 7 years of the 

hydrodynamic output (in total 21 million model larvae released). The model larvae were 



tracked for different PLD (5 days, 15 days, 30 days and 60 days) based on various scenarios 

and accounts from authors in the region. 

Results 

In the four PLD scenarios (5 days, 15 days, 30 days and 60 days) the number of particles was 

high across or close to the diagonal of the connectivity matrix, indicating that high self-

recruitment between relatively close reefs. Both PLD scenarios also revealed that the 

transport of larvae tends to be westward. The graph component analysis showed relatively 

high betweenness centrality in the northern Mozambique Channel than in other regions, 

likely due to its central position and influence of the North East Mozambique Channel and 

eddies. In particular, six reef nodes (Mafia Latham Island - Tanzania, Angoche-Nacala and 

Pemba Mecufi – Mozambique, Anjouan and Ngazidja – Comoros, and Glorieuses) had the 

maximum occurrence score of 4, all within the north Mozambique Channel, emerging as the 

most important stepping stones for multi-generational connectivity. 

Conclusion  

This work has demonstrated how biophysical model and graph-theoretic framework aids in 

the understanding and identification of important reef connections between coral populations. 

Based on biophysical model outputs, important coral reef linkages and nodes that act as 

gateways to dispersal can be identified, and used as a basis for improving coral reef 

management. Further model exploration is necessary to incorporate biological characteristics 

and species-specific parameterizations. The ultimate aim is to have a model framework able 

to assess how dispersal may influence shifts in coral distribution from annual to decadal 

scales, and in relation to climate change.  

 

 

 


