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Editorial on the Research Topic
 Roles and Implications of Functional Traits and Phylogenies to Characterize Refugia Under Increasing Climate Variability




REFUGIA: WHAT THEY ARE AND WHY THEY MATTER

Refugia are locations in which populations and communities are sheltered from adversity, tend to persist during periods of rapid environmental change, and from which they may recolonize surrounding habitats if and when conditions improve. Thanks to their long-term environmental stability, the floras and faunas in refugia are rich in endemic species and unique genotypes; refugia therefore have contributed greatly to the formation of global biodiversity hotspots (Harrison and Noss, 2017; Keppel et al., 2018). In our present era of rapid human-caused environmental changes, refugia have become an ever-increasing research subject for ecologists, biogeographers, and conservation biologists (Keppel et al., 2012; Morelli et al., 2016, 2020).

The refugium concept is flexible, encompassing a diversity of underlying causes (e.g., ability to buffer against aridity, fire or cyclones; Reside et al., 2014), and a broad spectrum of spatial scales (i.e., microrefugia or macrorefugia; Rull, 2009; Keppel et al., 2012). Approaches to identifying and studying refugia are similarly wide ranging, including traditional descriptive and systematic studies and, more recently, testing a priori hypotheses about (inter alia) how refugial processes shape the diversity of functional traits and phylogenetic lineages (Keppel et al., 2018). This Research Topic is motivated by the conviction that functional (trait-based) and phylogenetic approaches can provide insights into the eco-evolutionary dynamics of refugia, including predictions about their future trajectories under increasing climate variability. Integrative research examining functional and phylogenetic patterns in refugia has thus far addressed only a handful of regions, habitats, and/or organisms (e.g., Australian rainforest plants; Kooyman et al., 2011). With this Research Topic, we expand the biogeographic and taxonomic scope of such research.



FUNCTIONAL AND PHYLOGENETIC APPROACHES TO EXAMINE ECO-EVOLUTIONARY DYNAMICS AND FUNCTIONING OF REFUGIA

The seven manuscripts in this Research Topic provide a multifaceted perspective on refugia. Surveying the functional traits of ant communities, Bátori et al. illustrated the importance of fine-scale environmental heterogeneity associated with karst depressions providing microrefugia embedded in Central European homogeneous arable landscapes. Refugial communities were characterized by functionally distinct ant assemblages distinguished by functional groups rarely found in the surroundings (e.g., species preferring both warmer, drier and cooler, moister conditions). Similarly, Deák et al. examined the taxonomic, functional, and phylogenetic diversity of plant species on burial mounds (kurgans; up to ~5,000 yo) scattered in the Eurasian grassland landscape. Kurgans had a taxonomically and functionally diverse community of specialist species compared to surrounding habitats, possibly because of a greater variety of microclimate and soil conditions, but not higher phylogenetic diversity.

Phylogenetic information alone can also provide important insights into the role of refugia. Procheş et al. showed that Southeast Asia hosts ancient lineage diversity, and therefore likely functioned as an important macrorefugium in the past. They discussed the importance of this biodiversity reservoir in the light of a recolonization that will be required at some stage due to the ongoing biodiversity loss. Acevedo and Sandel identified hotspots of phylogenetic endemism for North American birds; high endemism was linked to both short- and long-term climate stability with little impact from land-use changes. This strongly suggests a key role of refugia in maintaining biodiversity.

Huxley and Spasojevic examined how plant communities on alpine tundra sky islands changed over a 12-year interval in relation to climatic change (e.g., increased temperature) and landscape configuration. Species richness and phylogenetic diversity increased over time and with refugial area, while leaf traits' functional diversity decreased shifting toward enhanced stress-tolerance. For the management of refugia, these findings highlight the need to (i) consider temporal, environmental and landscape configuration parameters simultaneously, and (ii) prioritize those patches displaying the highest conservation value and likely capacity to mitigate climate change impacts.

Barthelemy et al. developed an eco-evolutionary model to explore whether taxonomic, functional, and phylogenetic composition of extant species assemblages carries the imprint of past restrictions of refugia. Their simulations suggest that contraction of refugia likely left different signatures on present-day facets of biodiversity. Extant taxonomic and phylogenetic diversity were both maximized by older refugia (i.e., 3,000 generations ago), but the latter metric conveys the signature of past refugia size. The interaction between past refugia expansion, diversification dynamics and trait evolution determined functional diversity, which was higher under the combination of larger refugia that allowed for higher phylogenetic diversification, highlighting the complex eco-evolutionary processes affecting current trait diversity.

While protected areas are not necessarily refugia from an evolutionary perspective, they are increasingly functioning as such because anthropogenic impacts have altered the surrounding landscape to become unsuitable for many species. Protected areas may therefore constitute important biodiversity reservoirs for recolonization—if landscape use keeps changing. In this context, Llorente-Culebras et al. showed that the protected areas of the Iberian Peninsula capture the taxonomic, functional, and phylogenetic diversity of tetrapod assemblages well, emphasizing their potential for future recolonization.



CONCLUSIONS AND PERSPECTIVES FOR REFUGIA-ORIENTED RESEARCH

The articles in this Research Topic spotlight the multifaceted nature of refugia. They illustrate how different approaches, particularly those integrating functional and phylogenetic aspects, can provide insights into the complex eco-evolutionary dynamics of refugia. Furthermore, all studies unambiguously show the importance of refugia for the conservation, distribution, ecology, and evolution of biodiversity, regardless of the temporal and spatial extent. Refugia were characterized by biotas defined by distinct functional and phylogenetic signatures (compared to surrounding non-refugial landscapes; Keppel et al., 2018), indicating that they are important biodiversity reservoirs and potential sources for natural or assisted recolonization of surrounding landscapes. Seen from this perspective, refugia may act as “insurance policies” for maintaining biological diversity (either genetic, taxonomic or functional) during global changes. A standardized methodology and plan to identify “high-capacity” refugia—those that can buffer against multiple stressors and serve as safe havens for different organism types (Keppel et al., 2015)—may therefore be key to mitigate biodiversity loss, and related deterioration of ecosystem functioning. Applying such an integrated approach would require a global and multifaceted overview of refugia, which would enormously benefit from research on those areas of the world—e.g., Central America, North and Central Africa, Southeast Asia, Arctic and Antarctic regions—that remain largely unknown from a refugial perspective.
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