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Editorial on the Research Topic
 Symbiotic Relationships as Shapers of Biodiversity



Symbiosis—the living together of unlike organisms (de Bary, 1878)—is exceedingly common in nature. Symbiotic relationships modify the physiology and influence the ecological dynamics and evolutionary processes of interacting partners, ultimately altering the distribution of species across the planet (Douglas, 2010; Chomicki et al., 2019). This is particularly true with microbial symbiosis. To date, research has demonstrated that symbionts play a pivotal role in shaping biodiversity at ecological and evolutionary scales. However, many facets of the relationship between symbiosis and the generation and maintenance of biodiversity remain unexplored. In the face of unprecedented climatic changes, biodiversity studies incorporating symbiotic relationships will be key to understanding how species will endure changing environmental conditions.

In this Research Topic, we have assembled a collection of articles that broaden our understanding of how symbiotic relationships between hosts and microbes alter biodiversity patterns at ecological and evolutionary scales and as a result of environmental change.


SYMBIOSES MODULATE RESPONSES TO ENVIRONMENTAL CHANGE

This Research Topic addresses how and when symbioses shape species' responses to environmental changes using a variety of systems and approaches.

Maher et al. showed that coral microbiomes exhibit flexibility and resilience following thermal stress. The authors performed an experiment during a 2016 heat stress event on Moorea Island, testing how heat stress, with the addition of two forms of nitrogen, affects the coral microbiome. The authors found that heat stress overwhelms the system, masking the effect of nitrogen. Following heat stress, the coral microbiome became dominated by a bacterial clade known as Endozoicomonas, a signature that persisted following the heat stress event. Because Endozoicomonas is a likely beneficial symbiont, thermal stress-mediated remodeling of the coral microbiome may play a key role in coral reef resilience to climate change.

Fuess et al. highlighted how an increase in algal symbiont density, as a result of nitrogen water pollution, drives an increased coral host susceptibility to disease via a reduced immunity. Thus, low water quality can increase coral mortality indirectly, by driving up symbiont density which in turn reduces the expression of immunity genes.

Thurber et al. reviewed the state-of-the-art in coral disease dynamics. They argued that disease outbreaks are largely driven by changing environments, and suggest an integrative approach that includes evaluating the impacts of changing environments on the host, its microbiome, and the environment in tandem.

Nourabadi and Nichiguchi asked how a fluctuating environment affects the recruitment and success of environmentally-acquired symbionts, using the symbiosis between Hawaiian bobtail squids and their bioluminescent bacterial symbionts. Using experimental evolution, they showed that Vibrio strains adapted to low pH have both more efficient colonization rate and higher competence (bioluminescence) than ancestral strains. Their results suggest that environmental change can drastically affect the functioning of laterally-acquired symbioses.

Soto and Nishiguchi reviewed the current understanding of how environmental stress drives Vibrio symbiont diversity. The authors discuss the mechanisms enabling Vibrio to cope with environmental stress in both their free-living and symbiotic stages, and how this in turn affects their diversity.

Work by van't Padje et al. tested how mycorrhizal symbioses are affected by extreme weather events. In particular, they tested how phosphorus is up-taken and transferred to the plant host under extreme heat stress or flooding—relying on a recently developed technique based on quantum-dot tagging of nutrients, which allows to track nutrients along the fungal network using fluorescence (Whiteside et al., 2019). Phosphorus transfer, as well as plant and fungal survival, were deeply affected by flooding, but less so by heat treatment. Their innovative approach opens new avenues to test how different plant-host combinations are impacted by extreme weather events.



SPECIFICITY AND DEPENDENCE AS KEY FACTORS OF SYMBIOTIC RELATIONSHIPS

The level of dependence (facultative to obligate) and specialization/specificity (generalist: many partners to specialist: few specific partners) is pivotal in driving stability of symbiotic mutualisms across ecological and evolutionary scales (Chomicki et al., 2020). Contribution to this Research Topic demonstrates how specificity and dependence are key to predict species' response to climate change, pinpointing a number of essential areas for future research.

Ginete and Goodrich-Blair reviewed state-of-the-art research on the specificity of host-symbiont systems. They argue that recognizing below species level strain variation is critical to understand symbiotic specificity. The authors recognized two main factors driving specificity: (1) factors that contribute a required activity in support of the association and (2) factors involved in antagonistic interactions with organisms outside of the association. Identifying these factors across host-symbiont partnerships is the key understanding the drivers of specificity in microbial symbioses.

Goulet and Goulet reviewed current data on dependence and specificity in the large array of Cnidarian symbioses from coral reefs. Because many Cnidarian symbioses are obligate and show high specificity, they are likely to be strongly impacted by the effects of climate change. Thus, the robustness and potential plasticity of the host-symbiont association will determine the survival of the symbioses following environmental change. Understanding the dependence, specificity as well as performance and plasticity of host symbiont combinations in Cnidarian symbiosis is therefore critical to forecast the effect of climate change on these extremely biodiverse communities.



SYMBIOSES AS DRIVERS OF ECOLOGICAL COMMUNITY DYNAMICS

Microbial symbioses are ubiquitous interactions in nature. As such, they play key roles in structuring and modulating ecological communities. Contributions to this Research Topic show how symbiosis can drive species composition within communities, but also how it can promote species coexistence. This in turn, can feed back on the functioning of the symbiosis.

Sanders-Smith et al. studied the leaf surface microbiome of the seagrass Zostera marina, a foundation species which sustains key temperate marine ecosystems in British Columbia, Canada. The authors found distinct microbiome communities on young and old leaves. Older leaves had richer leaf microbiomes and showed more geographic microbiome differentiation a, suggesting host filtering and environmental influence, with core microbial taxa suggesting functional roles. Understanding how the leaf microbiome affects the growth, epiphyte control, and detoxification of seagrass waste product is key to unlocking the factors maintaining complex marine ecosystems.

Herder et al. asked how the interplay of intrinsic host vs. extrinsic environmental factors shapes the fecal microbiome, using Anna's hummingbird as a model system. They found that the greatest explanatory variable was intrinsic, but the environment had a substantial effect on the abundance of bacterial lineages. The authors argue that understanding how the environment shapes microbiome-host symbiosis has profound consequences for species conservation.

Runte et al. investigated how symbiosis predicts fungal communities in mixed conifer-hardwood communities. They found that the turnover of ectomycorrhizal and saprotrophic communities was differentially predicted by the availability of canopy species, though both were driven by similar soil properties. At the study scale, rRNA was a much better predictor than DNA. This work reveals the importance of ectomycorrhizal symbiosis in structuring soil fungal communities.

Hsu and Moeller tested whether the metabolic symbiosis between Paramecium bursaria and the endosymbiotic green algae Chlorella impacts species coexistence. Specifically, they tested whether the symbiosis with Chlorella influences the coexistence of P. bursaria and its non-symbiotic competitor Colpidium. Their study reveals light-dependent priority effects modulating competition between both bacterivorous species, which pinpoints the pivotal role that mutualisms can play as modulators of species coexistence (Chomicki et al., 2019).

Leclair et al. tested whether the endosymbiont communities of different pea aphid biotypes had a protective effect on their hosts under natural conditions and whether endosymbiotic associations and parasitoid communities associated with the pea aphid complex were linked. The authors confirmed the protective effects of endosymbionts on their hosts in nature, and found a positive correlation between the α and β diversities of the endosymbiont and parasitoid communities, indicating interactions between these two guilds. Their work emphasizes the importance of field studies of symbioses.



OUTLOOK

Altogether, this Research Topic broadens our understanding of the diverse ways in which microbial symbiosis can alter and be altered by biodiversity changes across scales. It pinpoints the need to give a central place to symbiotic partnerships in the study of species response to climate change. It also highlights several future research avenues aiming at understanding how symbiotic associations shape—and are shaped by—biodiversity.
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