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To identify the spatiotemporal distribution of organisms by detecting DNA fragments released into the environment, 
environmental DNA (eDNA) is readily employed. This technique is receiving significant attention in ecological research, 
particularly in aquatic ecosystems, as an effective alternative method for national monitoring systems that need to 
simultaneously investigate diverse biological communities at multiple sites, at low costs and technical discrepancies. 
However, challenges remain, such as improving poor reliability of genetic information databases, standardizing 
application of methods, and interpretating of acquired genetic information, including issues of false positives and 
false negatives. This study explores international cases in which eDNA methods have been actively developed and 
applied, and summarizes the current state of research in South Korea and the various issues identified in these 
studies to guide individuals and domestic institutions regarding the application of eDNA technology as a targeted 
investigation or supplementary tool for future biological surveys.
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Introduction

Because biodiversity loss has emerged as a serious 
global environmental issue, there is an increasing demand 
for more extensive data on biodiversity. Traditional survey 
methods that rely on the direct “identification” or “col-
lection” of organisms are limited by cost, time, and effort. 
Additionally, these methods face challenges in detecting 
species with very low population densities, such as en-
dangered species, which are central to the decline in bio-
diversity (Ruppert et al., 2019). Environmental DNA (eDNA) 
analysis, which amplifies the DNA of organisms present in 
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the environment to identify biological communities, is a 
method that complements the limitations of traditional 
surveys. Recently, remarkable advancements have been 
made in this field (Ruppert et al. , 2019). Accordingly, 
countries such as the United States with the Clean Water 
Act, the European Union (EU) with the EU Water Frame-
work Directive (WFD), and environmental authorities in 
Australia and New Zealand have standardized the applica-
tion of eDNA methods for monitoring biological resources 
and biodiversity, while also conducting continuous quality 
control of these methods (De Brauwer et al., 2023; Kelly 
et al., 2023; Schenekar, 2023).

Advantages of Environmental DNA in 
Biological Monitoring

Unlike traditional biological monitoring, the emerg-
ing concept of “Monitoring 2.0” or “Next Generation 
Biomonitoring” represents a novel system that integrates 
biological monitoring methods with data utilization. This 
approach incorporates an extensive process that includes 
the collection of large-scale spatiotemporal data through 
advanced methods and technologies, the development 
of quantitative indices (e.g., quantification, scoring, and 
ranking of ecosystem structure and function), the cre-
ation of predictive models using artificial intelligence (AI) 
and machine learning, and naturally encouraging public 
participation and community collaboration through citi-
zen science. The results can be utilized in policy decision-
making (Derocles et al., 2018; Makiola et al., 2020), which 

makes it particularly effective for various environmental 
policymaking processes, offering substantial benefits for 
government-led environmental monitoring projects and 
utilizing their results. Within this system, biological sur-
veys employing eDNA techniques have emerged as pivotal 
for collecting comprehensive data and facilitating citizen 
science, thereby supporting data collection and policy de-
cisions (Derocles et al., 2018; Larson et al., 2020).

The reasons for the preference of eDNA techniques as 
a national-level biomonitoring method beyond its use in 
research, include its economic advantages (such as re-
duced costs and effort compared to traditional surveys) 
and its technical advantage of being less dependent on 
the expertise level of the surveyor (De Brauwer et al., 
2023; Kelly et al., 2023). For example, when conduct-
ing biological surveys on fish communities in a lake, the 
eDNA technique is more cost effective than traditional 
survey methods because it significantly reduces the ef-
fort and time required for species identification in the 
field and laboratory (Table 1). Fish surveys can only be 
conducted at 2-3 locations per day when using station-
ary nets, which require transportation and setup time. In 
contrast, eDNA surveys, which require the collection of 
just 1-2 liters of water, allow for sampling at significantly 
more locations, resulting in a substantial cost advantage 
over stationary nets because of its greater efficiency.

According to studies comparing the total process costs 
of eDNA and traditional survey methods, Morris et al. 
(2024) found that, for a single replicate survey, the total 
cost of conventional fish sampling with a fyke net was 
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Table 1. Comparison between classical fish survey methods and eDNA methods

Parameters Classical method eDNA method

Survey method Fixed Net, Cast Net, Stake Net Water sampling

Effort required for survey 3 persons×2 days
1 hour for Cast Net, Stake Net
Installation and Retrieval of Fixed Net: 24 hours

1 person×10-20 minutes  
(per site per occasion)

Observer bias Large Small

Impact on organisms 
and habitat during survey

Damage to individuals and habitat disturbance Minimal

Analytical work Identification, counting, measurement of weight and 
length, etc.

MiFish method: metabarcoding analysis 
etc.

Species-specific detection: real-time PCR 
analysis, etc.

Information on surveyed 
individuals

Individual number per CPUE†

Length and weight
Presence of malformations and other morphological 

abnormalities

None

Cost* 300,000 Korean won 600,000 Korean won

eDNA, environmental DNA; PCR, polymerase chain reaction. *Cost is estimated based on the typical expenses incurred when 
outsourcing to Korean providers. †CPUE: catch per unit effort, indirect measure of abundance of target organisms, usually used in 
fisheries and conservation biology.



$60, while that for eDNA sampling was $193, which was 
over three times higher. However, in delivering over 95% 
detection of invasive species, the cost was $1,020 for 
conventional fish sampling and $965 for eDNA, indicating 
that eDNA is relatively cost-effective for monitoring inva-
sive species. Additionally, eDNA showed more than double 
the detection probability of fyke nets, emphasizing its ef-
ficiency in monitoring invasive species. Bálint et al. (2018) 
compared the cost-effectiveness of eDNA with traditional 
methods (visual and audio encounter surveys) for frogs. 
Their study found that eDNA was more cost-effective in 
species-rich areas, whereas traditional methods more so in 
regions with lower species richness per site.

As genetic analysis costs continue to decrease annually 
and labor-intensive method costs are likely to increase 
with inflation-adjusted wages, the cost efficiency of eDNA 
methods is expected to improve further. Moreover, while 
traditional methods allow taxonomic experts to identify 
many species immediately, securing sufficient field re-
searchers with specialized taxonomic knowledge can be 
challenging for broad-scale national or global biodiversity 
surveys. Therefore, eDNA analysis enables more consistent 
data collection at a lower cost, resulting in large-scale 
simultaneous or short time intervals biological surveys be-
coming more feasible (Agersnap et al., 2022; Berger et al., 
2020; Zhang et al., 2020). Its key advantage is the ability 
to significantly expand or finely adjust the spatial and 
temporal scope of a survey (Kelly et al., 2023).

Ultimately, large amounts of biological information can 
be collected in the form of big data to ensure its util-
ity and applicability of the data (Navarro et al., 2017). 
Furthermore, by establishing and promoting standard-
ized methods for water sampling and filtration in eDNA 
analysis for surveys of target species, it is possible to ex-
pand the scope of surveys and participants in the form of 
citizen science. This process facilitates natural community 
building as well as objective information sharing with 
stakeholders or citizen groups from diverse perspectives, 
allowing more flexible progress in environmental policy- 
and decision-making processes.

Issues of Application Technologies for 
Community-Level Surveys in Aquatic 

Ecosystems

Currently, eDNA techniques applied to aquatic ecosys-
tem biological surveys can be categorized into species-
specific eDNA detection methods, which target particular 
species, and metabarcoding methods, which comprehen-
sively analyze all species present at the community level. 
To distinguish species at the community level, DNA bar-
coding for species identification relies entirely on existing 
sequence libraries for specific regions of interest within 
the genetic fragments of each species (e.g., National Cen-

ter for Biotechnology Information [NCBI]). Consequently, 
species identification is entirely dependent on the se-
quence information currently registered. Therefore, the 
absence of genetic information for the target taxa is the 
most fundamental barrier to conducting biological sur-
veys using eDNA. Many countries conduct national and 
international barcoding projects to enhance the resolution 
of species identification. However, as of 2018, for many 
taxa other than fish, particularly annelids, crustaceans, 
and molluscs, the proportion of species with reference 
barcodes did not exceed 50% of the actual species (Leese 
et al., 2018). Japan’s Ministry of the Environment has ad-
vised caution regarding the presence of genetic informa-
tion when using eDNA for fish surveys (Biodiversity Center 
of Japan, 2020). In South Korea, the proportion of genera 
with genetic information registered in the NCBI remains 
low for most taxa, excluding fish, regardless of the ge-
netic region. Among the benthic macroinvertebrates, the 
registration rate averaged 60% for macroinvertebrates and 
30% for diatoms (Fig. 1; Kwak et al., 2022).

eDNA analysis identifies species based on sequence dif-
ferences within relatively short DNA fragments amplified 
using universal primers, making it difficult to distinguish 
closely related species. Additionally, most currently reg-
istered species-specific genetic information is based on 
DNA extracted from a small number of individuals col-
lected from specific regions, which can fail to reflect ge-
netic variation across different regions. Errors exist in ge-
netic database systems, such as the Barcode of Life Data 
System, including species name misidentification, genetic 
data contamination, and cases in which multiple barcode 
entries correspond to the same species or single barcode 
entry points for various species (Bergsten et al., 2012; 
Leese et al., 2018; Oliveira et al., 2016). Therefore, with 
the current state of eDNA technology, careful attention is 
needed when using metabarcoding techniques to confirm 
species lists at the community level, and significant dif-
ferences often occur when compared to species composi-
tions identified using traditional survey methods.

Because of these issues, most countries, including the 
U.S., EU, and Japan, are continuously working to gather 
genetic information for species that inhabit their regions 
so that eDNA techniques can be applied in biological sur-
veys. For surveys requiring high accuracy, the use of eDNA 
is typically limited to specific purposes such as monitor-
ing endangered or invasive species rather being available 
for than analyzing community composition, but various 
national network platforms have already been used to 
implement strategies to overcome these challenges.

Application of eDNA in Monitoring Program
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International Trends in the Application of 
Environmental DNA for National Biological 

Monitoring

The U.S., EU, and Japan are prominent examples of 
countries strategically implementing eDNA techniques 
in national biomonitoring. These countries aim to re-
duce monitoring costs while accumulating and utilizing 
national-level biological data by applying standardized 
methods and leveraging years of accumulated genetic 
research on species inhabiting their regions. Additionally, 
they are establishing platforms that organically connect 
biomonitoring, creating genetic libraries and data utiliza-
tion, and presenting strategies to overcome current tech-
nical limitations. In particular, New Zealand introduced 
standardized eDNA survey methods to restore river conti-
nuity. It actively utilized these methods along with citizen 
science to accumulate data for ecosystem health assess-
ments and to promote public awareness.

United States: development and utilization of integrated 
biological information from rivers to oceans

The U.S. eDNA initiative is based on 15 years of eDNA 
research and development. It aims to continuously im-
prove the accuracy, consistency, and sensitivity of eDNA 
techniques through collaboration across the scientific, 
technological, and industrial sectors. A standardized 
methodology was uniformly applied across all government 
departments to ensure consistent biomonitoring (Kelly et 

al., 2023). This approach is particularly valuable for ma-
rine species surveys crucial for fishery management. Field 
survey methods, such as status assessments and habitat 
studies, are standardized and commonly used by related 
departments, and biological and eDNA survey data col-
lected from various investigations are compiled into data-
bases for sharing, verification, and utilization. To support 
this, standardized eDNA survey methods have been for-
mulated in official guidelines (Laramie et al., 2015).

In the U.S., a significant budget is allocated annually 
to assess biological resources, biodiversity, and aquatic 
ecosystems because of the need for personnel and equip-
ment (Kelly et al. , 2023). This cost advantage allows 
eDNA survey methods to enable large-scale investigations 
across time and space, with the added benefit of accu-
mulating consistent, high-quality data through standard-
ized methods, making it a crucial technology in national 
biomonitoring programs (Stepien et al., 2023). Currently, 
the U.S. is designing a comprehensive biological and en-
vironmental monitoring system, spanning freshwater and 
marine ecosystems, by establishing a cross-departmental 
monitoring framework. To achieve strategic objectives, the 
application of conceptual models and the development of 
eDNA-related technologies are emphasized (Fig. 2). The 
eDNA method has been highlighted as a monitoring tool 
capable of addressing biological and environmental issues 
across connected habitats, from lakes to oceans, allowing 
for a comprehensive assessment of species distribution 
and movement within these ecosystems.
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European Union: development of indices for assessing 
ecosystem integrity

The EU biomonitoring system, established in 2000 
and led by the EU WFD to protect and manage water 
resources within the EU (Kallis & Butler, 2001), focuses 
on addressing biodiversity loss and ecosystem assessment 
due to climate change and other human-induced envi-
ronmental changes, with particular emphasis on establish-
ing evaluation systems related to ecosystem function and 
health (Leese et al., 2018; Stubbington et al., 2018). While 
maintaining traditional biological survey methods, the EU 
is actively adopting the concept of next-generation bio-
monitoring and promoting the development of aquatic 
ecosystem assessment indices using eDNA techniques, 
particularly through metabarcoding and next-generation 
sequencing (Derocles et al., 2018; Hering et al., 2018; 
Leese et al., 2016; 2018).

The aquatic ecosystem assessment system of the EU 
WFD was designed to identify discrepancies between the 
expected and observed conditions of water bodies, set 
reference conditions based on the characteristics of each 
ecosystem, and compare them to the surveyed sites. Bio-
logical Quality Elements (BQEs) are bioindicators for as-
sessing ecological status. In lake ecosystems, BQEs include 
phytoplankton, aquatic plants, and benthic macroinver-
tebrate communities, which are composed of individual 
taxa based on their sensitivity to environmental factors. 
Currently, the EU is complementing traditional BQEs eval-
uation methods with metabarcoding and -genomics as 
supplementary approaches while developing a ‘taxonomy-
free’ index based solely on genetic analysis, without be-
ing constrained by matching the results to taxa identified 

through traditional methods or existing species data (Fig. 
3; Leese et al., 2018).

The EU’s DNAqua-Net (www.DNAqua.net) aims to pro-
mote the application of DNA-based tools and develop 
a roadmap to incorporate these tools into standardized 
ecological assessments of aquatic ecosystems across Eu-
rope and beyond to optimize environmental management 
and promote nature conservation. Although the tech-
nological advancement of genomic tools showing rapid 
progress in Europe, significant challenges remain for the 
standardized application of eDNA techniques in environ-
mental monitoring, according to European legislation. 
The most critical challenges include: 1) method standard-
ization; 2) selective application of DNA barcode refer-
ences and biomarkers; 3) sequencing platforms; 4) data 
analysis, storage, and sharing; 5) development of new 
gene-based indices; and 6) integration of metabarcoding 
and eDNA methods into biological monitoring protocols 
and ultimately into current legislation (Leese et al., 2016). 
DNAqua-Net provides a platform for academic, techni-
cal, and social collaboration to address these challenges, 
forming working groups for each task and fostering inter-
actions both within and outside the groups to systemati-
cally develop eDNA-based biomonitoring techniques, as 
well as sharing technology and offering education.

Japan: development of fish environmental DNA survey 
methods in collaboration with academic societies and 
consortia

In Japan, the Ministry of Land, Infrastructure, Transport 
and Tourism conducts biological surveys on river and dam 
management using the National Census on River Environ-

Application of eDNA in Monitoring Program
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Fig. 2. Illustration of monitoring methods across habitats from lakes to marine environments. eDNA, environmental DNA; 
PCR, polymerase chain reaction. Source: Kelly et al., 2023.
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ment (NCRE). This survey covered 109 river systems man-
aged by the national government and 93 dam lakes man-
aged by either the government or the Water Resources 
Development Public Corporation, targeting fish, benthic 
organisms, phytoplankton, zooplankton, plants, birds, 
amphibians, reptiles, mammals, and terrestrial insects (Ko-
bayashi et al., 2013; Osugi et al., 2019). In 2006, which 
can be considered the early stages of eDNA research, the 
Ministry of Agriculture, Forestry, and Fisheries launched 
the eDNA Project to analyze soil biota using eDNA ex-
tracted from soil (Fujii et al., 2009). Since then, eDNA 
research on aquatic ecosystems, mainly fish, has been 
actively conducted (Takahara et al. , 2013). The exten-
sive biological data accumulated through the NCRE have 
been used as an excellent reference for the development 
of eDNA research methods (Jo et al., 2021). The eDNA 
Society was established in 2018, and the first field survey 
guidelines for eDNA were published in 2019. These guide-
lines have since been revised, with the updated edition 
released (Minamoto et al., 2021). In 2020, based on this 
work, the Biodiversity Center of Japan published a guide 

on freshwater fish survey methods in secondary natural 
environments (Biodiversity Center of Japan, 2020). Since 
2019, thematic surveys on the potential of eDNA for 
identifying river biota have been conducted, and the local 
government departments responsible for surveys have ac-
tively explored eDNA methods, particularly for fish stud-
ies. These active research efforts on eDNA applications 
enhance NCRE and explore its use in citizen science (Doi 
& Nakamura, 2023).

Additionally, All Nippon eDNA Monitoring Network 
(ANEMONE; db.anemone.bio), a collaboration between 
universities, companies, public institutions, and private 
organizations, operates as a platform to promote nature-
positive initiatives, advance and disseminate eDNA 
technology, and strengthen and stabilize eDNA observa-
tion networks within Japan. ANEMONE also provides a 
platform for consortiums in the industrial and economic 
sectors related to the potential value of biodiversity. The 
eDNA observation network produced fish-related eDNA 
data (site information, primer information, detected spe-
cies composition, etc.) from 77 regular observation sites, 
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Fig. 3. Flowchart of biological surveys and aquatic ecosystem assessments using eDNA techniques of the EU. EU, European 
Union; BQE, Biological Quality Elements; WGS, whole genome sequencing; OTU, operational taxanomic unit.
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including 55 coastal, 18 rivers, and four lake locations. In 
addition to the data provided by professional researchers, 
the network collects and shares various citizen science 
data and contributions from the public (Kondoh et al., 
2024).

New Zealand: environmental DNA application to 
assessment of habitat connectivity and citizen science 
through development of a Taxon-Independent Index

eDNA can effectively assess the spatial distribution of 
migratory fish in rivers, enabling the evaluation of river 
habitat continuity (Yamanaka & Minamoto, 2016). In New 
Zealand, continuous research is being conducted on the 
application of eDNA methods for river health assessments 
(Suren et al., 2024), mainly to evaluate the restoration of 
river continuity through fish movement and to assess the 
effectiveness of fish passages installed on longitudinal 
structures. Detailed survey methods for evaluating fish 
passage efficiency are presented in the Ministry of Envi-
ronment guidelines. These guidelines suggest the use of 
Before-After-Control-Impact surveys to assess the impact 
of longitudinal structures before and after improvements 
by examining fish species diversity and the presence or 

absence of specific species upstream and downstream of 
the structures to evaluate the effectiveness of reducing 
fish migration barriers (NIWA, 2018). Recently, New Zea-
land’s Ministry for the Environment standardized eDNA 
survey methods for fish and benthic macroinvertebrates, 
including fish eDNA survey methods, in their guidelines 
for evaluating the improvement of longitudinal structures 
and fish passages (NIWA, 2023).

Although eDNA survey methods are able to analyze fish 
communities’ species-composition through techniques 
such as metabarcoding, their application is limited be-
cause they cannot determine the abundance of detected 
species or assess the size and life stage of individuals. 
eDNA surveys using species-specific primers for indica-
tor species are recommended for evaluating fish passage 
through longitudinal structures. Indicator species are typi-
cally weak-swimming migratory species; if these species 
are detected upstream after passing through the struc-
ture, it is assumed that other fish species can also migrate 
through the fish passage.

A representative indicator species used was Inanga 
(Whitebait, Galaxias maculatus), which has weak swim-
ming abilities, migrates to estuaries for spawning in au-

Application of eDNA in Monitoring Program
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Fig. 4. Illustration of aquatic ecosystem health assessment 
using the TICI index. TICI, Taxon-Independent Community 
Index. Source: WIDERLAB (2024).
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tumn and dies after spawning. As a result, eDNA was not 
detected upstream of river structures above the spawning 
grounds during winter. However, if eDNA was detected 
upstream during the juvenile migration season, it can be 
concluded that the Inanga juveniles successfully passed 
through the structure. In addition to monitoring the 
movement of native species, such as Inanga, the spread of 
non-native species has also been investigated to detect, 
at an early stage, species that could have undesirable ef-
fects on the country’s native ecosystems. The application 
of eDNA survey methods for such evaluations should be 
carried out through comparative analyses with reference 
rivers that have fish community characteristics and habi-
tat environments similar to those of the surveyed site to 
ensure a more accurate assessment.

In New Zealand, the Taxon-Independent Community 
Index (TICI) has been developed to utilize eDNA metaba-
rcoding techniques more widely for biodiversity surveys 
and ecosystem health assessments in key aquatic eco-

systems, integrating these surveys into citizen science 
initiatives (Bird et al., 2024). Through the ‘Open Waters 
Aotearoa’ program, the New Zealand Environmental Pro-
tection Authority selected citizen groups or organizations 
interested in aquatic ecosystem biodiversity surveys and 
provided them with eDNA survey tools, with the results 
compiled into a database. This program provides informa-
tion on eDNA and aquatic ecosystems through educa-
tional materials available on the Environmental Protection 
Authority website and regular webinars. For biodiversity 
surveys of aquatic ecosystems, project proposals submit-
ted by applicant groups outlining survey objectives and 
plans were evaluated and selected to enable data collec-
tion. The collected survey results were mapped using Ar-
cGIS through ‘Open Waters Aotearoa,’ and detailed results 
from each project are available. The results included spe-
cies detected by metabarcoding and ecosystem health as-
sessments based on TICI derived from genetic sequences 
and community composition (Fig. 4).
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Table 2. Domestic journals’ review papers on eDNA technology and methods for freshwater ecosystem surveys and research

Study Topic Main content

Kim et al., 2021b Comparison of efficiency between methods for 
eDNA metabarcoding of freshwater fish

• �Comparison of detection results according to filter, 
extraction kit, and primer combinations

• �Comparison of read number and OTU according to primer
• �12S rDNA (MiFish 4 primer combinations)
• �16S rDNA (AquaAmp, Fish META Universal PCR Kit)

Oh et al., 2021 Application of eDNA methods for zooplankton 
community analysis

• �Sample collection, preservation, and DNA extraction 
methods for individual barcoding

• �Primer and PCR methods
• �Metabarcoding methods for community and summary of 

primers by taxon
• �Analysis method for ietary sources through rotifers gut 

content DNA analysis

Kwak et al., 2021 Water sampling filtration system for eDNA 
collection

• �Design and fabrication of water sampling filtration system 
for on-site raw water collection

• �Proposal of a collection method without damaging filters 
(voltage and pressure control system)

• �Review of the efficiency of eDNA monitoring methods from 
intake sources in collection reservoirs

Kim et al., 2021a eDNA collection methods • �Overall process of eDNA collection
• �Water sampling method: sampling tools operable from the 

water’s edge
• �Filtration: selection of filter paper according to target orga

nisms, filtration methods, and comparison of filtration 
volume

• �Comparison of various preservation methods
• �Comparison of DNA extraction methods

Yoo et al., 2023 Analysis of the potential for harmful algal 
blooms using sediment eDNA

• �Introduction to sediment pretreatment and eDNA extrac
tion methods

• �Physical disruption separation method (silica bead beating 
method)

• �Density gradient centrifugation method

eDNA, environmental DNA; OTU, operational taxanomic unit; PCR, polymerase chain reaction.



The TICI aims to resolve the discrepancies between the 
presence of indicator species identified through eDNA 
metabarcoding and their actual occurrence confirmed by 
traditional surveys. To achieve this, the TICI calculates the 
community index using specific sequences of indicator 
species detected in the metabarcoding process, classifying 
them as sensitive or tolerant, regardless of whether they 
match a particular species. This approach equates nucleo-
tide sequences with species occurrence to calculate the 
index. eDNA surveys are repeatedly being conducted at 
well-documented sites, and the results are quantified into 
an index using modeling and machine learning methods 
(Wilkinson et al., 2024). Scores are assigned to organisms 
that represent healthy aquatic ecosystems owing to their 
environmental sensitivity and species that inhabit polluted 
environments due to their tolerance. The evaluation was 
performed based on the distribution of the overall scores, 
using a method that assigns scores to genetic sequences 
verified to correspond with biological indices to calculate 
and assess the index (Chessman, 2003).

Environmental DNA Research in Korea and 
Further Application for National Monitoring 

Program

In Korea, various studies on aquatic ecosystems using 
eDNA methods have been conducted, and the results from 
metabarcoding analyses of freshwater fish communities in 
rivers have been published in international journals (Alam 
et al., 2020; An et al., 2023; Kang et al., 2024). However, 
compared with fish in freshwater ecosystems, the number 
of species registered in databases for benthic macroinver-
tebrates and other plankton communities is significantly 

lower, which limits community analysis that uses metaba-
rcoding techniques (Kwak et al., 2022). Various research 
findings on the potential application of eDNA technol-
ogy in surveys of aquatic ecosystem biota in Korea have 
been introduced in domestic journals (Kim et al., 2021a; 
2021b; Kwak et al., 2021; Oh et al., 2021). Table 2 sum-
marizes papers on technical approaches related to eDNA 
and review articles on the methods of application that 
have been published in domestic journals.

Recently, studies that simultaneously applied traditional 
methods and eDNA technology to freshwater ecosystems 
and analyzed their differences have been actively reported 
in domestic journals (Kang et al., 2023). Notably, most of 
these studies focused on fish community surveys, which 
have the most complete databases, and the results provide 
important insights into areas that require improvement 
for the successful application of metabarcoding to native 
species in Korea. Repeated reports of false negatives may 
point to issues related to the misapplication of methods 
based on habitat characteristics (Burian et al., 2021) while 
also highlighting the need to supplement genetic infor-
mation for certain species and improve existing databases 
(Schenekar et al., 2020). Studies that conduct traditional 
and eDNA surveys simultaneously in various environments 
commonly show a tendency for eDNA methods to detect 
more species. However, false negatives, especially those 
involving native and similar species, indicate that further 
research is necessary for a more accurate application of 
metabarcoding in community surveys (Table 3) (Eum et 
al., 2023; Kim & Song, 2021; Kim et al., 2020; Mun et 
al., 2024; Yoo et al., 2023).

Species-specific primers have been developed for en-
dangered species such as Liobagrus obesus (Yun et al., 
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Table 3. False-negative freshwater fish species reported in papers that applied and compared eDNA methods and traditional 
sampling methods simultaneously (using MiFish-U-F and MiFish-U-R primers)

Study Study site False negative species Potentially misidentified 
species

Kim & Song, 2021 Aquarium (Gyeonggi freshwater 
   fish ecology learning center)

Erythroculter erythropterus
Hemiculter eigenmanni
Sarcocheilichthys wakiyae
Rhodeus notatus
Gnathopogon strigatus

-

Kim et al., 2020 River (Geum River, Hwangji River, 
Seomjin River)

Koreocobitis naktongensis 
(Hwangji River)

Acheilognathus majusculus 
(Seomjin River)

Koreocobitis rotundicaudata

Mun et al., 2024 River (Han River) Hyporhamphus sajori
Sarcocheilichthys nigripinnis

-

Eum et al., 2023 CCZ Rhynchocypris oxycephalus
Orthrias nudus

Rhynchocypris lagowskii
Orthrias toni

eDNA, environmental DNA; -, not available; CCZ, civilian control zone.
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2022) and Gobiobotia nakdongensis (ME, 2020; 2021; 
2022). These primers were used to determine the presence 
of these species while combining environmental data and 
statistical analysis techniques to study their habitat re-

quirements.
In South Korea, national biological monitoring projects 

are being conducted, such as assessments of river, estuary, 
and lake aquatic ecosystem health and river continuity. 
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Table 4. Summary of eDNA survey guidelines of major countries for the national biological survey

Study Target Collection 
method

Filtering 
method

Filter 
volume Filter membrane DNA extraction 

and primer

Laramie  
et al.,  
2015

Aquatic  
ecosystems

      - Fish
      - Amphibians
      - Others

- �Collect water directly 
using filtering device

- �Collect water using 
bottle and pour to 
filtering device

- �Hand-driven 
vacuum pump

- �Rechargeable 
cordless driver 
with peristaltic 
pump head

- �120-V AC motor 
with peristaltic 
pump head

- �250-2,000 mL
- �1 L in general

- �Cellulose nitrate 
filter membrane 

- �0.45 μm

- �Not suggested

Carim  
et al.,  
2016

Streams
      - Fish

- �Collect water directly 
from stream using 
filter equipped hose

- �The eDNA 
Sampling 
Kit includes 
designated 
pump

- �Filter 5 L  
(8-9 minutes)

- �5 L
- �Minimum 2-3 L 

(when the filter  
is clogged)

- �Glass microfiber 
binder-free  
filter

- �1.5 μm

- �Not suggested

Biodiversity 
Center of 
Japan,  
2020

Secondary  
natural waters

      - Fish

- �Collect water directly 
using bottle

- �Long-distance water 
collection using a 
rope-attached bucket

- �Water collection from 
bridge using a rope-
connected collector

- �Transport to 
laboratory and 
filter using a 
pump

- �1,000 mL - �Glass-fiber 
membrane

- �0.7 μm

- �Use of cartridge 
filter

- �DNeasy Blood 
and Tissue kit

- �MiFish-L-F
- �MiFish-L-R

NIWA,  
2023

Streams
      - Fish
      - �Benthic  

macroinver- 
tebrates

- �Riverbank of the 
stream (minimize 
contamination)

- �Collect upstream raw 
water while standing 
downstream

- �Use of device capable 
of long-distance  
water collection

- �Use of syringes 
or hand pump 
on site

- �Active filtering 
with applied 
pressure

- �Passive filtering 
without 
artificial 
pressure

- �0.5-5 L - �Cellulose acetate 
syringe filter

- �0.2-0.6 μm
- �0.45-1.2 μm
- �5 μm for turbid 

water

- �Not suggested

Pawlowski  
et al.,  
2020

Aquatic  
ecosystems

      - Fish
      - Amphibians
      - Others

- �Water, bulk sample 
of sediment, 
biofilm, benthic 
macroinvertebrates

- �Filtration and 
sedimentation 
methods for water 
collection

- �Collect water using a 
bottle considering  
the water flow

- �Syringe
- �Peristaltic  

pump
- �Manual 

vacuum pump

- �50-100 mL
- �Several litters 

using peristaltic 
pump

- �Encapsulated  
filter (Sterivex)

- �0.22-0.7 μm

- �Qiagen, 
Macherey-Nagel

- �Provide basic 
guidelines 
to separately 
use according 
to purpose 
(protein-
coding genes 
vs. ribosomal 
genes), but 
specific primer 
not suggested

eDNA, environmental DNA; AC, alternating current.



Biological data obtained through these efforts are being 
used to calculate biological indices applied to health or 
continuity assessments. As previously mentioned, eDNA 
analysis is increasingly being employed for large-scale 
biodiversity surveys (species presence, abundance, and 
community composition) at the national level (Biodiversity 
center of Japan, 2020; Carim et al., 2016; Laramie et al., 
2015; NIWA, 2023; Pawlowski et al., 2020). Accordingly, 
there is a need to establish protocols suited to Korea’s 
specific conditions to enable the complementary use of 
eDNA analysis alongside currently implemented biomoni-
toring methods (Table 4).

Initially, it is essential to determine the specific evalua-
tion areas for the application of eDNA analysis (e.g., habi-
tat assessments for rare or invasive species and aquatic 
ecosystem health evaluations) and to prioritize taxonomic 
groups that are relatively easy to sample, thereby ensuring 
a minimum level of eDNA information for reliable assess-
ment. Simultaneously, robust, reproducible, and detailed 
protocols for sampling and analysis must be established 
to avoid variability among researchers (Dickie et al., 2018). 
Furthermore, a sampling protocol that is simple, cost-
effective, long-lived, adaptable to new methods and per-
sonnel changes is needed. Therefore, we should promote 
collaboration with private researchers and pursue gov-
ernment-led projects to enable the effective use of eDNA 
methods from methodological, cost, and spatiotemporal 
perspectives.

Conclusion

eDNA analysis techniques enable the consistent col-
lection of data in a cost-efficient way compared to tra-
ditional survey methods. This makes them particularly 
effective for national biological monitoring programs, 
which require continuous collection of biological infor-
mation across extensive regions. At the current level of 
eDNA technology, however, there are areas that require 
improvement, such as insufficient genetic information, 
species misidentification, and contamination of genetic 
data when using metabarcoding techniques to identify 
species lists at the community level. However, when the 
purpose and target of detection are clearly defined, such 
as detecting invasive or endangered species, eDNA analy-
sis offers a significant advantage as a non-destructive and 
cost-effective alternative to traditional survey methods. 
To maximize the efficiency of eDNA analysis, it is essen-
tial to develop monitoring strategies and standardized 
methodologies tailored to the specific objectives of eDNA 
applications in each country. This review comprehensively 
summarizes various national cases where eDNA has been 
applied to biological monitoring programs. Insights into 
strategies aimed at overcoming current technical limi-
tations—such as securing genetic libraries, establishing 

data utilization platforms, and developing monitoring 
frameworks—will serve as valuable resources for effectively 
planning national-scale eDNA-based biological monitor-
ing initiatives in the future.
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