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Editorial on the Research Topic 


Innovative approaches to coral reef science by early career researchers


Coral reefs are facing numerous threats including climate change, ocean acidification, coastal development, pollution, overfishing, coral disease, and other disturbances (Bellwood et al., 2004; Setter et al., 2022). Improving the understanding of these ecosystems to help stem their decline requires the integration of innovative technologies. This Research Topic aims to showcase and acknowledge high-quality work from outstanding researchers in the early stages of their careers, particularly of those who obtained their Masters or PhD within the last 10 years from a wide range of fields in coral reef science. This Research Topic highlights the novel and transformative work of 14 contributions conducted by early career scientists from institutions across the globe and provides a forum for the development of the emerging technologies and the integration of these methods to address questions in coral reef ecosystems (Figure 1). The articles implement innovative approaches for reef monitoring and intervention to aid the recovery of coral reefs. They also explore new methods and models to detect and understand coral reef stressors, such as thermal and light stress, acidic water, and microplastics. In addition, different methods are used to investigate trophic strategies in mesophotic reefs, characterize sexual dimorphism, and delineate species using three-dimensional skeletal features.




Figure 1 | Geographic locations of the studies undertaken and representative topic categories of contributions to the Research Topic: Innovative Approaches to Coral Reef Science by Early Career Researchers. Reef monitoring: 1) Grady et al., 2) Steyaert et al., 3) Yadav et al.; assisting recovery: 4) Hylkema et al., 5) Röepke et al., 6) Torda & Quigley; stressors and metabolism: 7) Bove et al., 8) da Silva & Kampel, 9) Galindo-Martínez et al., 10) Buerger et al., 11) Chiles et al., 12) Carmignani et al.; morphological architecture: 13) Pedraza-Pohlenz et al., 14) Ramírez-Portilla et al. Geographic locations are based on first-author affiliations in modeling and experimental studies (6, 9, 10).






Innovative approaches in reef monitoring

Interactions between macroalgae and other benthic taxa can result in changes in community composition (Brown et al., 2018), whereby dominant taxa outcompete other species in reef ecosystems. Grady et al. present an example of how molecular genetics and scanning electron microscopy can be paired with ecological monitoring to document coral reef ecosystem change and benthic community composition reshuffling. The authors analyzed long-term ecological data (2003-2020) on the western coast of Hawaii, documenting changes in the distribution of calcifying crustose macroalgae. They also validated the presence of a newly described taxon (Ramicrusta hawaiiensis) in shallow intertidal habitats, expanding the known distribution for this taxon. This multidisciplinary study provides a baseline for monitoring ecologically important taxa and improves our understanding of algal ecology and biodiversity in Hawaii.

Cryptobenthic organisms may escape notice next to flashy teleosts and anthozoans, but they harbor high biodiversity and include members critical to coral reef function (de Goeij et al., 2013). Standardized autonomous reef monitoring structures (ARMS) have facilitated species identification and biomass estimation for these taxa (Pearman et al., 2018), but linking these data to physical reef settings has proven difficult in remote locations. Steyaert et al. employed ARMS and in situ environmental measures to assess cryptobenthic diversity and compared them to remotely sensed data. Ex situ data missed some events entirely (e.g., internal waves) and qualitatively rearranged site rankings with respect to temperature and wave height, underlying the importance of in situ data logging.

New monitoring approaches can help survey coral reefs and improve the understanding of their responses to climate change (Apprill et al., 2023). Yadav et al. used structure-from-motion photogrammetry to track spatial changes in community composition, coral bleaching, and mortality during a marine heatwave 2019 in Kāne‘ohe Bay, Hawaii. After following the fate of thousands of coral colonies during and after a bleaching event (4 months and one year after), and measuring environmental variables, the authors documented spatial heterogeneity in bleaching and mortality. Bleaching was more severe with up to 80% of corals showing signs of stress in sites dominated by heat-sensitive coral species, whereby mortality was influenced by high temperature, heat-sensitive species, and high morphology complexity of coral colonies. This study provides a novel link between heat-stress response and habitat complexity, 3D models, and a digital baseline for tracking the effects of bleaching and mortality in coral reefs.





Assisting the recovery of coral reefs

Macroalgae can become dominant in the absence of herbivory and constrain the recruitment and recovery of reef corals (Box and Mumby, 2007). The decimation of the sea urchin Diadema antillarum in the Caribbean has allowed an increase in macroalgae cover and a reduction of coral recruitment (Myhre and Acevedo-Gutiérrez, 2007). Hylkema et al. propose Assisted Natural Recovery as a new way to restore D. antillarum populations, which consists of hastening recruitment by identifying and removing barriers to natural population succession. The authors showed that lack of suitable settlement substrates and low post-settlement survival limit the recovery of D. antillarum.

Organismal behaviors can be highly sensitive indicators of environmental contaminants (Weis, 2014). Röepke et al. examined the impacts of antifouling coatings on the swimming behaviors of early-stage larvae of Acropora millepora to assess the potential uses of these non-toxic treatments in aquaculture for coral restoration. The authors show evidence for antifouling coatings effects on larval swimming, thus larval behaviors can be used as a sensitive toxicity indicator of non-lethal coral stress. By providing a guided manual on automatic image acquisition to track coral larval behaviors, the authors contribute towards developing standardized monitoring tools for cnidarian behavior with implications for improving coral health and survival in restoration efforts.

The goal of assisted evolution is to preserve and restore ecosystems by enhancing adaptative traits of species threatened by climate change (van Oppen et al., 2015). Thus, the main factors driving adaptive capacities must be quantified to determine the feasibility of success and the risks of genetic interventions in the wild. Torda & Quigley used polygenic metapopulation adaptation models to evaluate how active interventions may influence adaptation in wild populations. This study demonstrates that three factors are the main drivers of natural adaptation rates: genetic diversity, population connectivity, and additive genetic variance. Interventions are most effective in populations with low genetic diversity and during a cold-to-warm phase of an El Niño-Southern Oscillation like events. The authors also provide a global meta-analysis of the genetic diversity found in tropical reef-building corals and show how evolutionary models can be used to set thresholds and guide decision support around active genetic interventions.





Understanding coral reef stressors

Coral health is threatened by many different environmental stressors, to which they can respond in varied ways (Kaniewska et al., 2015). Studies based in laboratory experiments usually focus on single stressors and its response mechanisms, while there is limited knowledge about how the interactions among stressors affect corals (Rivera et al., 2021). Bove et al. employed a multifactorial approach in their study of the staghorn coral (Acropora cervicornis), comparing the independent and combined effects of a future ocean (warm, acidic water) and microplastics on gene expression, algal symbionts, and other members of the microbiome. Gene expression showed the strongest response, while algal and bacteria community compositions changed little. Notably, stressor interactions elicited higher expression changes in immune response genes than either single stressor. Thus, these results suggest that microplastic pollution may interact with ocean acidification and warming to trigger a more severe molecular response in this taxon, and potentially other, coral species.

Thermal stress tolerance to bleaching in corals can vary along their range of distribution (Dixon et al., 2015). Depending on the heritability of this tolerance, gene flow can potentially facilitate adaptation to warming seas (Kleypas et al., 2016). da Silva & Kampel tested for the possible impact of such connectivity using a biophysical model grounded in the life history of a common Brazilian coral (Mussismilia hispida) and decades of sea surface temperature data. While the effects of connectivity could increase or decrease the thermal stress thresholds of a given population, the positive effects were greatest at either end of the species’ range, where the challenges of warming waters should be most acute.

The loss of microalgal symbionts following heat stress can result in elevated irradiance within the coral host’s tissue leading to further photodamage and ultimately significant bleaching (Wangpraseurt et al., 2017). However, increased production of animal chromoproteins during this period can facilitate coral recovery, although the mechanisms remain obscure (Gómez-Campo et al., 2022). Galindo-Martínez et al. developed a model to evaluate the role of coral chromoproteins in setting the optical properties of coral tissues, thereby modulating their internal light environment. Their simulations suggest that up-regulation of host chromoproteins can reduce light intensity by up to 11% in hospite when present individually, and by up to 24% when present in combination. Such reductions may help prevent the full development of bleached phenotypes in stressed corals, thereby facilitating a more rapid recovery and symbiont re-colonization after bleaching.

A major driver of coral bleaching is thought to be the excess production of reactive oxygen species (ROS) within chloroplasts and mitochondria of the microalgal symbionts during heat stress (Szabó et al., 2020). However, strains of Symbiodiniaceae differ in their susceptibility to ROS production as well as their capacities for ROS scavenging (Suggett et al., 2017), contributing to differences in microalgal thermal tolerance. Buerger et al. employed flow cytometry to rapidly screen and identify thermotolerant Cladocopium strains based on intracellular stress indicators following heat exposure. Strains previously selected for their capacity to confer thermal tolerance to the coral host had the lowest ROS titers and displayed elevated ROS scavenging capacity relative to both non-selected (i.e., “wild type”) and selected, but non-thermally beneficial, strains. Their results provide further evidence for the role microalgal ROS management plays in determining holobiont thermal tolerance, and suggest that flow cytometry can be a useful tool to rapidly identify microalgal strains with enhanced thermal tolerance.





Insights into coral metabolism

Historically, metabolic analyses targeting scleractinians have primarily investigated mechanisms of holobiont carbon exchange (Furla et al., 2000). However, focus has widened to include consideration of the role other metabolic substrates, such as ammonium, may play in maintaining photosymbioses (Rädecker et al., 2015). Given the potential for rising ocean temperatures to alter rates of nitrogen uptake in reef-building corals (Rädecker et al., 2020), Chiles et al. investigated the effects of exposure to elevated temperature on host nitrogen assimilation and metabolism. Using isotopic labeling (15N) they demonstrated a compartmentalization between amino acid and dipeptide production in scleractinian corals with rapid turnover of the latter metabolite pool. This suggests that rapid microalgal dipeptide synthesis may hamper the host’s ability to regulate symbiont proliferation through nitrogen restriction and may therefore contribute to holobiont susceptibility to acute heat stress.

Little is known about how corals maintain their metabolic homeostasis in mesophotic environments, where light is scarce and sampling is challenging (Lesser et al., 2010). Carmignani et al. assessed tropic strategies of five coral species across a 40-75 m depth gradient in Western Australia, based on stable isotope analysis, photophysiological measurements, and protein concentration. Despite living at 1% of their surface irradiance, three of the studied species rely on autotrophy as the main source of metabolic energy, whereas the others appear to be more heterotrophic. This study highlights species-specific acclimation strategies and physiological limits of corals to suboptimal environments.





Approaches in morphological architecture

Reproductive modes carry different energetic costs (Hall and Hughes, 1996), which may lead to varying levels of sexual dimorphism. In modular organisms, such as corals, morphology architecture and the integration of its units (modularity) can suffer modifications in response to environmental conditions (Paz-García et al., 2015). Still, no such modularity has been investigated between sexes in corals. Pedraza-Pohlenz et al. demonstrate sexual dimorphism in the corallite dimension of two reef-building species, Porites lobata (gonochoric broadcast spawner) and Porites panamensis (gonochoric brooder). The corallite area was smaller, with higher trait integration in females than in males in P. lobata, while P. panamensis had an opposite pattern between sexes. Varying patterns of sexual dimorphism between reproductive modes may be related to the different selective pressures faced by each sex.

The study of morphological variation is crucial for understanding the role of evolution, function, and plasticity in speciation (Todd, 2008; Pereira et al., 2021). Ramírez-Portilla et al. use a three-dimensional analysis to help delineate species in the morphologically diverse and taxonomically challenging coral genus Acropora. Results revealed significant differences of the morphogroups based on 3D-variables, highlighting the potential use of this method in combination with other independent lines of evidence for the discrimination of morphologically complex organisms.

This Research Topic provides a timely compilation of innovative valuable approaches and high-quality research led by early career scientists around the world. The science presented here is spearheaded by the upcoming generation of scientific authorities. We hope this Research Topic promotes an optimistic view towards the global coral crisis. It encourages the scientific community to continue their efforts in finding effective solutions to the challenges faced by reef ecosystems in our changing world.
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