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Environmental DNA (eDNA) analysis has been widely
used to investigate the distribution and abundance/biomass
of macro-organisms, and during the past decade, the appli-
cation of eDNA-based biomonitoring has gained increas-
ing interest (Goldberg et al. 2015; Thomsen and Willerslev
2015; Tsuji et al. 2019; Doi et al. 2021). eDNA, which com-
prises DNA fragments released by organisms into the envi-
ronment is believed to be derived from mixtures of feces,
skin cells, mucus, and secretions. eDNA techniques can be
used to analyze DNA collected directly from environmental
sources, such as water, soil, and air (Goldberg et al. 2015).
With respect to water bodies, these methods have been
applied in monitoring multiple species inhabiting a range
of limnologic habitats, including rivers, lakes, and ponds,
and eDNA detection and quantification have been performed
for a diverse range of taxa, including fish, aquatic plants,
mollusks, insects, crustaceans, reptiles, amphibians, birds,
and mammals (Tsuji et al. 2019).

eDNA analysis involves the use of one or both of two
detection techniques, namely, real-time PCR and metabar-
coding via DNA sequencing (Tsuji et al. 2019; Doi et al.
2021). In addition, high-throughput DNA sequencing has
recently been applied for the simultaneous detection of mul-
tiple taxa [e.g., the fish community (MiFish); Miya et al.
2015], a procedure referred to as “eDNA metabarcoding.”
eDNA methods can be applied to perform two types of esti-
mation, namely, the presence/absence and abundance/bio-
mass of organisms. Of these two approaches, most eDNA
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studies conducted to date have sought to estimate the pres-
ence or absence of species based on the detection of DNA
copies using real-time PCR or DNA sequencing with uni-
versal primers. However, comparatively few studies have
attempted to estimate species biomass and abundance based
on eDNA concentrations in water (Takahara et al. 2012; Doi
et al. 2017).

By performing eDNA surveys of water bodies, we can
obtain information on the distribution of species and changes
in their populations with high taxonomic resolution. Con-
sequently, it is anticipated that eDNA methods will revolu-
tionize the scope and efficacy of biodiversity management
and conservation surveys in aquatic habitats. Accordingly,
eDNA methods can provide a practical tool for aquatic con-
servation and restoration. In this regard, recent advances in
portable, field-friendly technology, and molecular genetics
techniques (e.g., DNA metabarcoding for communities and
species-specific eEDNA detection of invasive or rare species)
have provided additional approaches for the expansion of
research in the conservation of aquatic habitats (Huerlimann
et al. 2020).

However, despite these promising advances, further
developments are still required to enhance the quality, reli-
ability, and interpretability of aquatic eDNA analyses. In
this special issue, we have collected articles with particular
relevance to two main topics regarding the application of
eDNA analysis for aquatic ecosystems: (1) eDNA methods
for aquatic species/community detection and quantification
and (2) eDNA surveys for the conservation and restoration
of the aquatic ecosystems. Given the importance and pau-
city of information regarding eDNA, the case studies and
review presented in this special issue highlight the poten-
tially instrumental contribution of eDNA as a practical tool
for aquatic conservation and restoration.
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