Hydrobiologia (2023) 850:3671-3673
https://doi.org/10.1007/s10750-023-05328-x

AQUATIC MICROBIOMES

Microbiomes of aquatic animals

Isa Schon® - Diego Fontaneto
Elena L. Peredo

Published online: 3 August 2023

q

Check for
updates

© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2023

The holobiont approach (Bosch & Miller, 2017) in
the study of animal ecology places strong empha-
sis on the strict association between the animals and
their microbes, which are beneficial for the host’s
survival and fitness (Cornwallis et al., 2023). Such a
strict association, called phylosymbiosis, is known to
hold true at different spatial scales (Harer & Renni-
son, 2023) and explanations for such a pattern have
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been suggested to be related to evolutionary and/
or ecological mechanisms. The host and the associ-
ated microbiota may co-evolve, with similarities in
the composition of the microbiota between hosts that
reflect the phylogenetic relatedness of the hosts (Lim
& Bordenstein, 2020). Yet, the similarity between the
differences in microbiota compositions and the host
phylogenetic relationships could also be the effect
of host filtering: phylogenetically related hosts may
have similar ecologies, indirectly filtering for similar
microbes regardless of any evolutionary association
between the host and the microbiota (Mazel et al.,
2018).

The general rules governing the relationship
between the host and its associated microbiota are
currently not clearly defined. Inferences regarding
the potential processes that control these systems are
biased by our skewed knowledge of the observed pat-
terns, dominated by data on microbiota mostly from
model vertebrate species (Legrand et al., 2020; Kuz-
iel & Rakoff-Nahoum, 2022). In addition, early stud-
ies focused on animals with a strong association with
their microbiota, for example, corals (e.g. Pollock
et al., 2018) even if new data on a broad spectrum of
taxa are becoming available (Boscaro et al., 2022).

The phylosymbiosis pattern of host-microbiota
associations seems to be indeed much looser than
what is seen in corals, sponges, vertebrates and in
several terrestrial and aquatic invertebrates (e.g. Ham-
mer et al., 2017, 2019; Eckert et al., 2021; Boscaro
et al., 2022). The aim of the current special issue is
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to provide additional evidence on the strength of phy-
losymbiosis as a pattern and to explore additional
mechanisms that may explain the observed patterns
of association between animals and their microbiota,
with a special emphasis on aquatic environments, and
using genetic/genomic approaches for the description
of the microbiome composition.

The ten papers included in this special issue
explore patterns and processes involved in the associ-
ation with their microbiomes in animals belonging to
six different phyla: Arthropoda, Chordata, Cnidaria,
Mollusca, Platyhelminthes, and Rotifera. They cover
different approaches, from those obtaining data from
one single species to those comparing species across
the whole phylum; they gather data from different
parts of the world, including marine and freshwater
habitats. We here provide a summary of their content,
without citing the papers in the references, because
according to Clarivate, journals can be suppressed for
too many self-citations, even in prefaces of special
issues.

The first five papers analyzed the potential envi-
ronmental drivers of the differences in microbiomes
in a single species: the first one focused on the effect
of cultivation conditions on the microbiome of a flat-
worm (Platyhelminthes, Catenulida) species. The sec-
ond one explored the effects of thermal stress on the
microbiome of endosymbiotic dinoflagellates from
a coral (Cnidaria, Scleractinia) species. The third
one combined field collections and common garden
experiments to assess the effects of changes in salin-
ity on the microbiome of a species of water strider
(Arthropoda, Hexapoda, Hemiptera). The fourth one
focused on the microbiome of an ostracod (Arthrop-
oda, Crustacea) species, reporting that it was differ-
ent from the known microbiomes of other freshwa-
ter ostracods, but had large variability even among
ostracod individuals from the same population. The
fifth compared the microbiomes of the juveniles of a
species of freshwater fish (Chordata, Actinopterygii)
through time and under different diet treatments indi-
cating a strong influence of initial diet on the gut
microbiome.

Two papers compared microbiomes between pairs
of closely related species. One paper studied the
microbiomes of two clam (Mollusca, Bivalvia) spe-
cies in different seasons, highlighting that the same
bacterial genera were dominant regardless of differ-
ences between host species and seasons. The other
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paper compared the hindgut microbiome of two fish
(Chordata, Actinopterygii) species in an African lake
showing that the two fish species had different diets,
but not different microbiomes.

Two other papers studied multiple species within a
taxonomic group. One paper compared the microbi-
ome of seven leaf beetle species (Arthropoda, Hexap-
oda, Coleoptera) demonstrating that the most relevant
drivers of the differences were firstly the host spe-
cies identity and only secondarily the type of habitat.
The other paper demonstrated that a combination of
effects of host ecology and host habitat was stronger
in driving differences in microbiomes associated with
rotifers (Rotifera) than host phylogenetic distances.

The last paper of the special issue reviewed the
literature on the effect of gender-based differences
in the microbiota of aquatic animals, a poorly stud-
ied factor of differences. They also provided evidence
for the importance of gender on microbiome com-
position from the peculiar example of a freshwater
snail (Mollusca, Gastropoda) with sexual and asexual
populations.

Our hope is that the breadth of host organisms,
habitat, approaches, questions, and hypotheses of the
papers included in this special issue will provide solid
and convincing arguments towards more comprehen-
sive broad-ranging studies on host-microbiome rela-
tionships, not only in aquatic habitats.
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