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Editorial on the Research Topic

Environmental DNA Innovations for Conservation

INTRODUCTION

Environmental DNA (eDNA) analysis refers to the collection of bulk environmental samples such
as water, sediment, or air, and studying the genetic remnants that organisms have shed into
their environment to gain information about species presence. The earliest efforts to learn about
organisms from genetic analysis of environmental samples occurred in the field of microbiology,
where many focal organisms cannot be cultured under laboratory conditions (e.g., Ogram et al.,
1987). A major innovation occurred in the early 2000s when paleoecologists began to apply
similar genetic methods to study ancient communities of extinct multicellular organisms (e.g.,
Willerslev et al., 2003). The contemporary application of eDNA analysis was realized when
Ficetola et al. (2008) demonstrated that informative genetic material was not only retrievable from
ancient sediments that had been preserved under dark, cold, and stabilizing conditions, but from
contemporary environmental samples as well. Since then, eDNA analysis has burgeoned into a
powerful tool for ecological research and management.

This Research Topic represents a collection of studies demonstrating the continued innovation
of eDNA methods and applications, especially in the field of conservation. Several distinct trends
emerge across this curated collection that make clear that innovation comes in many different
forms, which we have envisioned as key “bases” of innovation (Figure 1). We believe that
keeping these different bases- or possibilities- of innovation in mind will help researchers identify
opportunities for continued innovation in the future, and we describe each base in more detail in
the sections below as we introduce the contributions to our Research Topic, Environmental DNA
Innovations for Conservation.

FOUNDATION

Occasionally overlooked during the excitement of the latest, innovative eDNA application is the
fact that eDNA itself represents an ecological entity worthy of study in its own right. After an
organism sheds genetic material, but before a researcher or manager collects it, eDNA interacts
with its surrounding environment in myriad ways that influence its production and accumulation
(e.g., Maruyama et al., 2014; Klymus et al., 2015), changes in form and state in the environment
(e.g., Jo et al., 2019; Barnes et al., 2021), transport (e.g., Andruszkiewicz et al., 2019; Valentin et al.,
2021), and ultimately its fate (e.g., Tsuji et al., 2017; Foucher et al., 2020). Collectively, Barnes and
Turner (2016) referred to these dynamic processes and functions as “the ecology of eDNA,” and they
shape the inferences that researchers andmanagers canmake based on detection (or non-detection)
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FIGURE 1 | Environmental DNA innovations can be organized into several

major “bases” or themes.

events. For example, if researchers seek to relate eDNA
abundance to organismal abundance (e.g., Takahara et al.,
2012), knowledge about the production and decay of eDNA
as well as its movement in and out of the system is critical.
Similarly, understanding the particle size distribution and other
aspects of the state of eDNA in the environment is essential
for the optimization of capture methods (Turner et al., 2014)
and sensitivity.

We use the term “foundation innovations” to describe
advancement of our understanding of the ecology of eDNA.
Multiple studies provide foundation innovations within this
Research Topic. Considering the origin of eDNA, Thalinger
et al. examine eDNA shedding rates among several different

fish species in an aquarium study and found that fish activity,
energy use, and species-specific differences all influenced eDNA
production. Multiple studies within this Research Topic address
eDNA transport, including Mixumoti et al. and Wood et al.,
who both describe patterns in eDNA concentration related to
local distribution and biomass of fish as well as the effects of
dilution and downstream transport in lotic systems. Kasai et al.
relate Japanese eel eDNA abundances and local environmental
conditions to develop hypotheses about what factors promote
recruitment, survival, and growth of the endangered species.
Finally, with regards to eDNA degradation, in a meta-analysis
of 28 previous eDNA degradation studies, Saito and Doi
identify both water temperature and amplicon length as positive
relationships with eDNA degradation rate.

APPLICATION

Perhaps the most consistent form of innovation in eDNA
applications has been the excitement of confronting eDNA
methods with new species targets in novel ecosystems.
Environmental DNA methods have been applied to freshwater
(Harper et al., 2018) and marine (Gilbey et al., 2021) aquatic
samples, various terrestrial substrates (van der Heyde et al.,
2020), and even air (Johnson et al., 2019), and similar methods
have taken advantage of biotic collection “assistants” such as
sponges in marine habitats (Mariani et al., 2019) and carrion flies
or leeches for sampling terrestrial mammals (Schnell et al., 2012;
Calvignac-Spencer et al., 2013). Moreover, many studies have
advanced beyond the initial, single-species presence/absence
determinations of early eDNA research toward the combination
of eDNA and next-generation sequencing methods and
whole-community characterization (Ruppert et al., 2019).

Together, we summarize the advancement of technological
and methodological boundaries and the deployment of eDNA
methods in novel habitats and with new targets as “application
innovations.” For example, although aquatic plant species have
been relatively understudied compared to other taxonomic
groups, in this Research Topic, Drummond et al. and Tsukamoto
et al. apply eDNA analysis for the detection of algae, aquatic, and
terrestrial plants across multiple study sites. Wilcox et al. perform
eDNA analysis on drinking water sites, representing a novel
substrate for eDNA analysis and a new addition to the toolbox
for sampling rare jaguars and other elusive mammals. Kirse et al.
demonstrate that collection and extraction methods as well as
target sequence all affected the number of invertebrate species
detected in soil samples. Sepulveda et al. demonstrate eDNA
collection via robotic samplers associated with streamgages
for the detection of a common fish species and a rare
fish parasite.

CALIBRATION

Comparisons between eDNA and “traditional” survey methods
have contributed to the quantification of sensitivity and accuracy
of eDNA methods. Such experiments have been conducted
in both aquatic (e.g., Evans et al., 2017) and terrestrial (e.g.,
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Leempoel et al., 2020) habitats, and they represent a critical link
between eDNA applications and existing toolboxes for ecological
study and conservation. Indeed, Jerde (2021) identified the
accumulation of comparisons and calibrations between eDNA
and more traditional methods, as well as efforts to maximize
quality assurance and quality control as key building blocks
for continued growth in eDNA research and incorporation into
management, conservation, and other ecological applications.

This Research Topic includes several studies aimed at locating
eDNA within the broader toolbox of biodiversity surveillance
methods, and we refer to these as “calibration innovations.” For
example, in an ambitious review, McElroy et al. synthesize 37
previous studies that compared metabarcoding and traditional
methods for estimating fish richness. They conclude that eDNA
metabarcoding tends to detect more species than traditional
methods in low-diversity systems, whereas traditional methods
and metabarcoding perform similarly in highly diverse systems.
Govindarajan et al. compare eDNAmetabarcoding and net-based
sampling of the marine mesopelagic zone, and in this system,
net collection recovered more animal taxa than metabarcoding,
although this was attributable to the ability to sample relatively
larger volumes of water with netting compared to eDNA analysis.
Furthermore, eDNA analysis excelled for certain taxa, notably
gelatinous animals that are known to be commonly missed
or damaged by netting. Comparing methods in a well-studied
terrestrial reserve, Meyer et al. demonstrate that eDNA analysis
outperformed other tools for describing biodiversity. Finally,
Sepulveda et al. provide a thoughtful review of contamination
and associated remediation efforts that will be useful across
all eDNA studies, regardless of target species, habitat, or
future innovations.

INTERPRETATION

The types of innovation discussed so far all provide a foundation
for research which pushes the bounds of what we can
learn using eDNA analysis. Such research builds on a strong
foundational understanding of eDNA; it requires innovative
application using state of the art methods that push the tool
to new targets and systems; and it must be grounded through
comparison with existing technologies. We refer to innovations
that advance the potential knowledge gained from eDNA analysis
as “interpretation innovations,” and several are represented
within this Research Topic.

For example, one potential specter to interpretation of eDNA
results has long been the possibility of “false positive” detections
resulting from the detection of eDNA released by organisms that
are no longer present in an ecosystem (e.g., due to migration or

other movement or due to having died). Hirohara et al. apply
propidium monoazide (PMA), commonly used in microbiology
to distinguish live vs. dead single-celled organisms, during a
laboratory-based eDNA survey of zebrafish. While this study
also represents a methodological advancement and “application
innovation,” the finding that PMA helped differentiate intact and
disrupted zebrafish cells and eDNA detection could help future
eDNA studies determine whether eDNA detections are sourced
from living or dead sources.

Other interpretation innovations have come from collection
and analysis of eDNA samples over time. For example, Inui
et al. analyze river water for detection of the amphidromous
fish Plecoglossus altivelis over time to identify timing and
location (including novel locations) of seasonal spawning
events. Using repeated eDNA metabarcoding analyses in Puget
Sound, Washington, USA, Jacobs-Palmer et al. monitor algal
communities, noting particularly the growth of harmful algal
bloom (HAB) forming species and the conditions that contribute
to bloom events, which could benefit HAB monitoring and
management. Johnson et al. provide a critical test of the utility
of airborne eDNA monitoring for terrestrial plants and found
that airborne eDNA abundances reflected both seasonal patterns
in plant ecology as well as acute events on the landscape (i.e., a
human restoration effort).

CONCLUSION

The “bases” of innovation (Figure 1) that have emerged in this
Research Topic can help synthesize connections across the field
of eDNA analysis and identify major questions and research
priorities to promote continued growth and development of
eDNA applications for conservation biology and beyond. No
single form of innovation is more important than any other, nor
are the forms of innovation exclusive of one another. Instead, like
a DNA sequence, larger structure, advancements, and evolution
of ideas will occur most rapidly when the bases work together.
Indeed, the highest-impact studies will likely embody multiple
types of innovation at once. Finally, as the field of eDNA analysis
continues to mature, we hope that similar emerging fields such
as the detection of RNA (“eRNA” e.g., Marshall et al., 2021) or
proteins in the environment may find this framework useful for
advancing their own fields, connecting with eDNA knowledge,
and improving understanding and application overall.
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