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The Importance of Connectivity Between Coral Reefs 

Coral reef connectivity represents one of the most fundamental processes governing the persistence and 
resilience of marine ecosystems. Far from being isolated entities, coral reefs function as interconnected 
networks where the exchange of larvae, nutrients, and genetic material determines the fate of entire reef 
systems. Understanding and protecting these connections has become critical for coral reef conservation in 
an era of unprecedented environmental change. 

The Metapopulation Framework 

Connectivity, the demographic linking of local populations through the dispersal of individuals as larvae, 
juveniles or adults, is a key ecological factor to consider in marine reserve design, since it has important 
implications for the persistence of metapopulations and their recovery from disturbances. Coral reefs 
operate as metapopulations—networks of local populations connected by larval dispersal. This connectivity 
enables reefs to function as both sources and sinks, where productive reefs supply larvae to downstream 
locations, while degraded reefs can receive recruitment subsidies from healthier upstream populations. 

Although the patterns of connectivity among sites vary over days and years, coral larvae consistently 
dispersed from east to west in the cluster domain, with some sites consistently acting as sources. This 
consistency in source-sink dynamics highlights how certain reefs maintain disproportionate importance in 
regional connectivity networks, making their protection essential for ecosystem-wide resilience. 

Ocean Currents as Connectivity Highways 

Ocean currents serve as the primary mechanism driving larval dispersal between reefs. The numerical model 
results indicate that many of the coral reefs in Maui Nui seed reefs on adjacent islands, demonstrating the 
interconnected nature of the coral reefs in Maui Nui. These current-driven patterns create predictable 
connectivity pathways that can span hundreds of kilometres, linking reefs across entire oceanographic 
regions. 

Recent research has revealed that three-dimensional ocean circulation models provide significantly more 
accurate connectivity predictions than traditional two-dimensional approaches. 3D velocity simulations 
showed 19.40–68.80% more links and sinks than those of 2D simulations, emphasizing the importance of 
vertical water movement in larval transport and the complexity of connectivity patterns. 

Climate Change Impacts on Connectivity 

Climate change poses significant challenges to coral reef connectivity patterns. Increased ocean 
temperatures are expected to accelerate larval development, potentially leading to reduced pelagic durations 
and earlier reef-seeking behaviour. This accelerated development could fundamentally alter dispersal 
distances and connectivity networks, potentially reducing the spatial scale of larval exchange between reefs. 

Climate change has a predominant eVect on larval dispersal with the pelagic larval duration (PLD) of reef fish 
predicted to decrease by 12%–25% for a 3°C temperature rise due to an increased larvae metabolism, 
resulting in lower dispersal and connectivity. Such changes could fragment previously connected reef 
networks, reducing genetic diversity and recovery potential. 
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Paradoxically, extreme weather events may temporarily enhance connectivity. The hurricane was associated 
with an 18% increase in coral larval dispersal distance, although this varied widely by location, suggesting 
that while climate change may generally reduce connectivity, individual storm events can temporarily 
increase larval transport distances. 

Conservation Implications 

Understanding connectivity patterns is essential for eVective marine protected area (MPA) design. 
Connectivity among individual marine protected areas (MPAs) is one of the most important considerations in 
the design of integrated MPA networks. Well-designed MPA networks must account for larval sources and 
sinks to ensure protected areas can support one another through recruitment subsidies. 

MPAs also provide recruitment subsidies to fished reefs, demonstrating how connectivity extends 
conservation benefits beyond protected boundaries. This spillover eVect makes connectivity a critical 
consideration for balancing conservation goals with sustainable fisheries management. 

Stepping Stones and Restoration 

Connectivity research has revealed the importance of intermediate reefs as stepping stones in larval 
dispersal pathways. Stepping stones between both reefs, using floating mid-water nurseries, enables the 
reconstruction of biological connectivity between these two separated reef zones. This understanding has 
opened new possibilities for active reef restoration, where artificial structures or restored reef patches can 
serve as connectivity nodes. 

These structures could also act as local stepping-stones, enhancing the ecological connectivity among reef 
subpopulations, suggesting that even artificial structures can play important roles in maintaining connectivity 
networks. 

Future Directions 

As coral reefs face unprecedented threats, maintaining connectivity becomes increasingly critical for 
ecosystem resilience. Connectivity between coral reefs is critical to ensure their resilience and persistence 
against disturbances. Future conservation strategies must integrate connectivity data into regional planning 
frameworks, recognizing that eVective coral reef conservation requires coordinated management across 
jurisdictional boundaries. 

The integration of advanced modelling techniques, genetic tools, and long-term monitoring will continue to 
refine our understanding of connectivity patterns. This knowledge is essential for developing adaptive 
management strategies that can maintain coral reef networks in a changing ocean, ensuring these vital 
ecosystems persist for future generations. 
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