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Editorial on the Research Topic

Stressors Acting on Aquatic Ecosystems: High-Throughput Sequencing Approaches to Shed

Light on Human-Nature Interactions

Aquatic ecosystems are unique sources of biodiversity. However, anthropogenic pressures
are threatening ecosystem equilibrium, with an unprecedented loss of biodiversity. This has
tremendous intrinsic, societal, and economic impacts, considering the ecosystem services
supported by micro- and macro-biodiversity (IPBES, 2019; Ruckelshaus et al., 2020).

Traditional methods, based mainly on morphological traits to describe the biodiversity, have
provided the basis for classification of species, but they cannot estimate the total biodiversity at a
global scale and much remains to be discovered (Li et al., 2010).

Nowadays, the adoption of DNA-based analyses to facilitate rapid, large-scale biomonitoring
efforts represents the natural progression for biodiversity assessments to shed light on human-
nature interactions (Porter and Hajibabaei, 2018; Makiola et al., 2020).

In particular, methods that employ environmental DNA (eDNA) are invaluable, together with
proper experimental design and analyses, to describe and study changes in biodiversity in a
non-invasive and effective way (DiBattista et al., 2020; Makiola et al., 2020). We can say that
eDNA coupled with high-throughput DNA sequencing techniques (i.e., DNA metabarcoding)
revolutionized the way in which we can assess ecosystem health and preserve Earth’s biodiversity
(Hajibabaei, 2012; Casiraghi et al., 2016; Deiner et al., 2017).

Compson et al. reviewed 1,563 articles published about DNA metabarcoding and summarized
how this approach is rapidly changing the attitude toward a global bioassessment effort. Among
the great advantages of applying DNA-based techniques to revolutionize biomonitoring, there is
the ability to assess biota at a holistic ecosystem level: across the whole Tree of Life (Hajibabaei
et al., 2016; Stat et al., 2017), from microbes to mammals.

Starting from the microscopic world, Bruno et al. used DNA metabarcoding to explore the
microbial community and its dynamics in a drinking water treatment plant (DWTP). DWTPs
are engineered ecosystems that harbor a peculiar microbial community (Bruno et al., 2018; Oh
et al., 2018). Potabilization processes can be considered chronic stressors having effects on the
intrinsic biodiversity of source water (Bautista-de los Santos et al., 2016; Castelle and Banfield,
2018; Dai et al., 2020). Indeed, source water harbors an astonishing biodiversity of uncultivable
environmental bacteria, and it is stable over time, seeding water downstream. However, the
microbial community structure detected from water flushing from the filters used to remove
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chemical contaminants (granular activated carbon filters) is
changing over time, depending on the colonization dynamics
of the filter substrate. Looking at a deeper level, also filter
raw material affected microbiome assembly with significant
variation in the relative abundances of specific taxa. This evidence
suggested that filters are a fully-fledged ecological niche, thus
providing the chance to purposely engineered filter microbial
communities, to produce biologically stable drinking water.

This collection of papers also allowed a thoughtful accounting
of the role of the “unseen” faunal diversity inhabiting
extreme environments such as hydrothermal vents deep-sea
hard substrata.

Cowart et al. integrated morphological identification methods
with eDNA metabarcoding to investigate the recolonization
dynamics of benthic faunal communities living on theMontségur
edifice within the Lucky Strike vent field (Mid-Atlantic Ridge),
after an induced disturbance that consisted of faunal clearance
within experimental quadrats. This study sheds light on the
recovering potential of such extreme ecosystems, exploiting the
advantages and overcoming the limitations of different methods
often presented in opposition to each other: morphological
identification and DNA metabarcoding.

On a broader perspective, such multi-level integration allows
informed conservation and management decisions in relation to
the protection of aquatic ecosystems.

For an effective management of fisheries, together with
preserving biodiversity, the study of Pavičić et al. supported
the routine adoption of molecular techniques. They focused
their attention on the European lobster (Homarus gammarus),
an intensively fished crustacean species in the Adriatic Sea
which reaches high market value. Highly selective fishing
has the potential to permanently change the characteristics
within a population and could drive the decline of genetic
diversity. Molecular techniques, such as microsatellites analysis
and partial COI region sequencing, revealed that the decrease
in population size due to overfishing, habitat degradation, and
other anthropogenic stressors did not significantly affect neutral
genetic diversity. Also, populations in the northeastern Adriatic
act as a genetic source for surrounding areas, clearly suggesting
that the protection of these populations will be beneficial for both
fisheries and conservation management.

Thus, these studies clearly demonstrate the importance of
understanding the potential impact of human intervention on the
ecology of aquatic ecosystems.

Going forward, studying stressors acting on aquatic
ecosystems includes a detailed monitoring of species dispersal
to evaluate the success of restoration actions. Rhine sculpin
(Cottus rhenanus) is a fish species that has been reintroduced
into a recently restored stream within the Emscher catchment
in Germany. Thanks to an eDNA-based approach, Hempel
et al. tracked the dispersal of Rhine sculpin at a fine spatial and
temporal scale. The sensitivity of an eDNA-basedmethod showed
a higher dispersal potential of the species than what was assumed.
Moreover, the results, validated also by traditional electrofishing
methods, demonstrated the successful re-establishment of the

target species in restored streams. This indicates that a good
ecological status has been achieved, supporting the restoration
action undertaken and the use of eDNA-based approach for the
monitoring of aquatic ecosystems recovery.

In addition to novel discoveries, the ideas and perspectives
suggested can potentially be used to revolutionize research in
the future. The studies collected here paint a compelling picture
of the complex interactions among all the players shaping the
equilibrium of aquatic ecosystems, spanning from the unseen
majority of environmental microorganisms to the bioindicators
species belonging to the eukaryotic domain. Humans must be
considered actors as well. Noteworthy, Compson et al. outlined
the different stakeholders, ranging from academic to industry
and governments, who can benefit from the widespread adoption
of DNA metabarcoding, supported by the number of studies
exponentially increasing.

However, eDNA-based methods are still evolving and their
pros and cons should be considered for each application
(Lacoursière-Roussel and Deiner, 2021). Hence, effective use of
these methods require a deep understanding of the process to
derive a correct biological interpretation of the huge amount
of data obtained (Goldberg et al., 2016; Zinger et al., 2019). To
compound the issue further, yet to date, there is no consensus
on the most appropriate theoretical framework, methods, and
measures to study exogenous stressors and associated ecosystem
impacts. Nevertheless, such awareness, together with a robust
experimental design, should drive the formulations of the
hypothesis to be tested and will pave the way for new questions
to be addressed.

A major challenge facing resource managers is a lack
of scalable tools to measure Earth’s biodiversity rapidly
and consistently, as highlighted by Compson et al. A
comprehensive and multidimensional framework to study
ecosystems under stress by integrating data that spans the
entire spectrum of biodiversity and elucidating connections
between natural and engineered systems is the key factor.
Foremost, synergy among different sectors is a fundamental
prerequisite, but also it will serve as a boost for the adoption
of the next generation bioassessment. Finally, environmental
stewardship can benefit from community-based biomonitoring,
overcoming the challenges of data collection and boosting the
involvement of non-expert in biodiversity issues (Robinson et al.,
2021).
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