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            Abstract
Anthropogenic climate change and environmental degradation destroy coral reefs, the ecosystem services they provide, and the livelihoods of close to a billion people who depend on these services. Restoration approaches to increase the resilience of corals are therefore necessary to counter environmental pressures relevant to climate change projections. In this Review, we examine the natural processes that can increase the adaptive capacity of coral holobionts, with the aim of preserving ecosystem functioning under future ocean conditions. Current approaches that centre around restoring reef cover can be integrated with emerging approaches to enhance coral stress resilience and, thereby, allow reefs to regrow under a new set of environmental conditions. Emerging approaches such as standardized acute thermal stress assays, selective sexual propagation, coral probiotics, and environmental hardening could be feasible and scalable in the real world. However, they must follow decision-making criteria that consider the different reef, environmental, and ecological conditions. The implementation of adaptive interventions tailored around nature-based solutions will require standardized frameworks, appropriate ecological riskâ€“benefit assessments, and analytical routines for consistent and effective utilization and global coordination.


Key points
	
                  Coral reefs are degrading globally from anthropogenic climate change and local environmental impacts; deteriorated reefs are facing severe and widespread loss without active intervention.

                
	
                  Ongoing efforts aim to extend the natural adaptive capacity of reef-forming coral holobionts through incorporation of novel tools, methods, and environments to manipulate coral adaptive responses to survive under more extreme or variable conditions.

                
	
                  Emerging nature-based adaptive approaches spur novel intervention strategies that hold the promise to be feasible and scalable in the real world but must be tailored to address the diverse reef, environmental, and ecological conditions.

                
	
                  Implementing an adaptive intervention framework focused on naturally evolved solutions will require standardized methodology, appropriate ecological riskâ€“benefit assessments, and analytical routines for consistent and effective utilization and global coordination.
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                    Fig. 1: The coral holobiont (metaorganism).


Fig. 2: Adaptive processes in the coral holobiont and their utilization in adaptive interventions.


Fig. 3: A scaled adaptive intervention framework.


Fig. 4: Research road map for extending the adaptive capacity of the coral holobiont.
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Glossary
	Coral bleaching
	
                  Discolouration of coral tissue due to the loss of microalgal symbionts triggered by climate change-induced ocean warming and thermal stress anomalies.

                
	Assisted evolution
	
                  Human interventions aimed at speeding up natural evolutionary processes to increase the rate of adaptation of threatened species.

                
	Adaptive capacity
	
                  The ability of coral holobionts to respond and adjust to environmental stress.

                
	Acclimation
	
                  The physiological process of becoming accustomed to a new condition.

                
	Environmental adaptation
	
                  The process of (meta-)organismal change used more broadly to denote adjustment to prevailing environmental conditions, for example in the context of host microbiome changes

                
	Evolutionary adaptation
	
                  The process of genetic change through which populations become better attuned to their environment over generations.

                
	Restoration
	
                  The action of returning something to a former condition, for instance through reinstatement of the original functional or genetic diversity.

                
	Environmental hardening
	
                  The preconditioning of coral colonies to elevated temperatures as a means to increase tolerance to future heat stress events (can also apply to other stressors).

                
	Microhabitats
	
                  A small area that differs from the surrounding habitat, with unique conditions that could select for unique genotypes that might not be found in the remainder of the area.

                
	Beneficial Microorganisms for Corals
	
                  (BMCs). Umbrella term to define (microbial) symbionts that promote coral health and can be used as probiotics.

                
	Coral probiotics
	
                  Live microorganisms to benefit coral host health.

                
	Coral prebiotics
	
                  Molecules that modulate bacterial (microbial) association to benefit coral host health.

                
	Lysis
	
                  A common outcome of viral infections, whereby cells are actively induced by viruses to release newly assembled viruses that can then infect other cells.

                
	Genetically modified organisms
	
                  (GMOs). Organisms whose genomes are engineered to produce specific traits of interest.

                
	Environmental rehabilitation
	
                  The action of restoring to an improved condition to allow species and ecosystems to thrive under altered environmental conditions.
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