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Editorial on the Research Topic

Symbiosis in a Changing Environment

Symbiotic interactions are formed by the long-term intimate association of microorganisms and
their host species. Such interactions are ubiquitous throughout the tree of life, and research
suggests that they might have facilitated major evolutionary transitions and possibly the success
of life on Earth (Moran, 2006, 2007; Raina et al., 2018; Kolodny et al., 2020). Symbionts owe
their success to their ability to be sometimes “good” and sometimes “evil” (Jiggins and Hurst,
2011; Brannon and Mulvey, 2019; Newton and Rice, 2020). By manipulating their hosts’ life
history traits, fecundity, dispersal ability, and/or resistance to stresses caused by pathogens and
environmental changes, these “Jekyll-and-Hyde” symbionts are promoting their own selfish fitness.
The diversity of symbiont-induced phenotypes, the complexity of symbiotic interactions, their
ecology and evolution through time and across environments has therefore unsurprisingly attracted
the interests of a large scientific community. Under the current global context of fast environmental
changes, one can predict that new and/or less predictable abiotic and biotic stressors will
affect symbiotic interactions with potential cascading effects on the eco-evolutionary population
dynamics of host species and the communities in which they are embedded (Pita et al., 2018;
Trevathan-Tacket et al., 2019; Greenspan et al., 2020; Kolodny and Schulenburg, 2020).

Our Research Topic on Symbiosis in a Changing Environment aimed to bring together review
articles, providing analyses of the state-of-the-art in the field, and experimental research articles,
testing unique hypotheses on the interplay between host-symbiont interactions and their various
environments. We called for submissions from a broad and diverse set of researchers, from
international institutions worldwide (N = 26 institutions, 11 countries, 5 continents), to showcase
their view and expertise on a range of symbiotic study systems, from the tropics to the Antarctic,
from terrestrial arthropods and plants to marine invertebrates. The published articles are only a
subset of the growing literature available in symbiosis research. However, the articles clearly present
that a wide diversity of stressors, including changes in temperatures, in exposure to UV-radiations,
or in metabolite provisioning, can severally affect symbiosis.

Based on the literature on terrestrial invertebrates and plants, Bénard et al., and Saikkonen et
al., respectively, predict that by influencing the host’s life-history traits and/or their host’s response
to natural stresses, Jekyll and Hyde symbionts can either exacerbate or ameliorate the effects of
environmental stochasticity on their hosts. This is due to the essential role of microbial symbionts
for ecological, evolutionary, and genetic processes in all higher organisms. Obligate symbioses can
indeed turn into evolutionary traps or dead-ends, since the optimum ranges between hosts and
their symbiont(s) may inevitably mismatch, whereas facultative symbioses can provide an adaptive
solution to environmental changes and opportunities to novel niches. The mini-reviews agree that
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major progress has been made in (I) the description of
microbial communities associated with organisms from different
environments, although one can argue that unlike bacterial
communities, fungal, and viral communities have been neglected,
and (II) testing the role of various individual stressors on
these interactions. However, much remains to be examined
in understanding the organization and changes in these
communities, and in their functionality for their hosts. Similarly,
estimations of the adaptability of host-symbiont associations
under multiple stressors, as it would be under natural conditions,
remain scarce (Rondon et al.).

Carrier and Reitzel further synthesize the ecological
importance of the host in the understanding of their
associated symbiotic communities. They debate that, at least in
echinoderms, the selection for bacterial communities occurs
at the larval stage; however, the role of these selected bacteria
for the larvae and/or for the adults of the same species remains
unclear. Such gaps in the current knowledge is not restricted
to studies on echinoderms. Numerous studies have shown the
importance of the hosts’ life-history strategies influencing the
microbial communities, either because of changes in the host
diet, hormones, or the environmental conditions faced at each
life-stage (e.g., aquatic larvae vs. terrestrial adults in many insects
or amphibians). Similarly, the health of individuals and species or
populations can greatly affect the composition of their associated
microbial community (Blanquer et al., 2016; Li et al., 2018), as
pathogens replace or challenge symbiotic interactions in their
hosts. Furthermore, the role of microbial communities is severely
debated in some species. For example, the gut microbiota of
Lepidoptera larvae is thought to be transient and non-functional,
rather than resident and of any benefit to the host (Hammer
et al., 2017; Duplouy et al., 2020).

One way to understand which symbiotic interactions are
likely to thrive or disappear in changing environments, is
through the investigation of the effects of individual and/or
cumulated stressors on symbioses in the controlled conditions
of laboratories. For example, Heyworth et al. investigate
experimentally the responses of three facultative endosymbionts
in the pea aphid (Acyrthosiphon pisum) to heat stress, and the
influence on the host and an obligate symbiont (Buchnera). After
exposing aphids to 38.5◦C, they show that two of the facultative
symbionts helped the recovery of both host and the obligate
symbiont after heat stress, thus suggesting that under climate
changes, the presence of these facultative symbionts may be
of benefit to the host species. However, response to long-term
heat exposure, rather than to short heat bursts further need to
be investigated.

The Rondon et al. article provides insights on the combined
effects of physical drivers associated with climate change
(seawater warming and ice scour) in shaping the microbiome
of the common sponge Isodictya kerguelenensis from the
Western Antarctic Peninsula. Their findings based on a multi-
stressors laboratory experiment demonstrates that disturbance
produced by icebergs may have direct impacts on the
microbiome of this sponge species. In this regard, the results

highlight the importance of this relationship as the effect
of both stressors are expected to increase under future
climate change scenarios, hence having the potential of
producing effects on the holobiont balance and also on
the ecosystem.

Barrera et al. present the role of foliar endophytic fungi on
the performance of their host plant, the Antarctic host plant
Colobanthus quitensis, under high UV-B radiation. By comparing
the expression levels of genes involved in UV-B photoreception,
flavonoid accumulation, and physiological stress in fungus-
infected vs. uninfected plants, their study provides evidence that
Antarctic endophytic fungi minimize cell damage and boost
physiological performance and tolerance to UV-B radiation in C.
quitensis. Therefore, endophytic fungi could be effective partners
in the context of increased UV-B radiation in the Antarctic.
Future studies should highlight whether the current trend in
climate change may already be selecting for such associations in
different parts of the world.

Currin-Ross et al. use Drosophila melanogaster flies exposed
to different levels of iron provisioning (i.e., deficiency, optimum,
and excess), and evaluate the conflict that arose from this
stress between the host flies and their facultative bacterial
endosymbiont Wolbachia, as both rely on iron-provision from
the environment. Through metabolomic methods, they show
that flies exhibit variation in their metabolism when exposed to
low or high levels of iron, and that these metabolic responses
are differently activated upon infection with Wolbachia. The
bacteriummaintains oxidative metabolism in itsDrosophila host.
Whether this is a typical response for the symbiont in insects or
in Drosophila hosts specifically remains to be investigated.

This set of experimental studies highlight the diversity of
symbiotic systems, and the diverse changes in phenotypes
between different treatment groups. They produce unique
knowledge acquired within the controlled conditions
of laboratories that inform about why host-symbiont
interactions form, and how they maintain or decline through
time. Such discoveries support and/or complement the
interpretation of patterns of diversity and changes in symbiont
communities associated to species across space and time in
the field.

Based on a 2-year field monitoring study of two coral
species in Kāne‘ohe Bay, Hawai‘i, Matsuda et al. characterize
responses of colonies after a bleaching event produced by
anomalous local seawater temperatures. Their results show
that the two studies species exhibited either a bleaching-
susceptible phenotype (bleached) or resistant phenotype (non-
bleached). Colonies of Porites compressa show greater resilience
following bleaching than Montipora capitata, despite having
higher bleaching prevalence and severity. This is suggesting
that bleaching susceptibility is not always a good predictor of
mortality after a warming event and consequent bleaching events.
The authors stress the importance of including monitoring not
only at the population level but also at the individual level to
better understand coral susceptibility to warming and to better
predict responses to future scenarios.
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Similarly, using a combination of in situ observations along
with morphological and molecular approaches, van der Windt
et al. study the relationship between bio-eroding sponges
belonging to Clionaidae and Symbionidiaceaea from the Indo-
Pacific. The findings of this study (I) suggest a high diversity
of Symbionidiaceaea associated with bio-eroding species, and
(II) highlight the potential importance of host identify and
tolerance capacity to heat stress (up to 33◦C) to maintain
symbiotic interactions in these sponges. Furthermore, these
results suggest that symbiotic interactions in bio-eroding sponges
may greatly differ in their adaptive capacity from symbioses
reported in other marine organisms such as corals (Baker
et al., 2008). Another study from a contrasting environment
by Papale et al. provides new information on microbial
communities associated with different Antarctic sponge species.
Their comparative study of sponges collected from 30 to 271
depth at Terra Nova Bay in the Ross Sea region provides
new information on the diversity and functional profiles of
microbial symbiont communities associated with such high-
latitude marine organisms. They also show the presence of rich
bacterial communities dominated by Proteobacteria and their
functional prediction analyses expand the current knowledge of
sponge-associated microbial communities, suggesting key roles
played by the microbiome, including antibiotic biosynthesis,
degradation of aromatic compounds, and methane metabolism.
As sponges are considered an important reservoir of exceptional
microbial diversity and a major contributor to marine microbial
diversity (Thomas et al., 2016), these few studies allow for the
comparison of research in symbiotic systems from different
marine regions (tropics vs. Antarctic) that will complement our

global knowledge of the role of symbionts in risks associated with
global climate change scenarios in marine organisms.

The article collection from this Research Topic illustrates
the already well-known ubiquitous character and the diversity
of unique symbiotic systems, with a targeted focus on their
responses to environmental change and stressors. These studies
test just a few hypotheses, and introduce many more that remain
and deserve to be investigated. Nonetheless, these studies clearly
highlight that in order to fully grasp the role and responses
of symbionts to environmental changes, more multidisciplinary
and collaborative studies are needed, which will establish the
essential mechanisms that forge the diverse associations between
both marine and terrestrial hosts, their bacterial partners, and
their environments.
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