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Abstract

The use of environmental DNA (eDNA) technology has emerged as a pioneering tool in the fields of fisheries and
aquaculture, offering novel approaches for the monitoring and management of aquatic ecosystems. This study explores the
potential of eDNA technology usage in the research and management of aquatic ecosystems. The importance of this method
is discussed in relation to a number of ecological scenarios, including the assessment of biodiversity, monitoring of fish
populations and pathogens, early detection of invasive fish species, and evaluation of water quality. Additionally, it addresses
the challenges and obstacles that arise in the utilization of eDNA and discusses the ethical considerations that should be
taken into account in future applications.This can underscore itssignificance as a non-intrusive, economical, and exceptionally
responsive tool for advancing sustainable fisheries and aquaculture practices. This comprehensive review provides an in-

depth analysis of the several applications of eDNA technology within the domains of fisheries and aquaculture.
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INTRODUCTION

The concept of eDNA technology garnered more
attention and progress in recent years, resulting in an
increase in techniques for the recovery, amplification
and sequencing of DNA from environmental materials.
The utilisation of eDNA has emerged as a potent
technique in contemporary ecological studies,
facilitating the acquisition of information pertaining to
species occurrence, population size and spatial
distribution. These aspects were historically difficult to
ascertain through conventional survey techniques. The
initial groundwork in the domains of fisheries and
aquaculture established the basis for the subsequent
development of eDNA technology. Its non-intrusive
characteristics and capacity to furnish valuable insights
into aquatic ecosystems contributed to its recognition
in this field. Through the examination of genetic
material, researchers are able to get valuable insights
pertaining to the existence, population size and general
ecological well-being of many species.

To meet the world’s growing fish demand and
maintain aquaculture output and food biosecurity,
pathogen detection methods must be developed
(Mugimba et al., 2021). Aquatic pathogens include
bacteria, viruses, and fungi threaten worldwide
aquaculture. Aquafarms need early diagnosis and health

monitoring to prevent disease spread. Disease research
and outbreak control are hampered by the volume of
organ samples that must be processed (Sieber et al.,
2020). Target-specific primers can amplify the
pathogenic agent’s DNA, which can subsequently be
detected by sequencing. The third generation of DNA
sequencing (Liu et al., 2020) has brought high-
throughput genetic tools and eDNA technology as a bio-
monitoring tool. eDNA technology is one of numerous
advanced diagnostic methods that use genetic markers
specific to the target taxon or taxa. DNA or RNA from
nucleic acid (small DNA fragments) lost by a living entity
can be detected in soil, water, ice, sediment, and air
without isolating it (Diaz-Ferguson and Moyer, 2014;
Thomsen and Willerslev, 2015). Due to DNA’s greater
stability than RNA, eDNA detection in the environment
is easier and less laborious. In freezing, dry permafrost,
DNA degrades over thousands of years (Willerslev
et al., 2003), but in temperate water, it takes weeks
(Thomsen et al., 2012). Standard eDNA sample
composition tests include DNA extraction,
purification,filtration, polymerase chain reaction (PCR)
amplification and DNA sequencing are the main
components of this approach.

Using eDNA for species identification is a great
example of a technology innovation that opens up new
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ways to study and quantify biosphere change,
recovery, and resilience (Thomsen et al., 2012). Early
monitoring methods improve precision and
standardisation in identifying cryptic, inaccessible, and
low-abundance organisms (Thomsen ez al., 2012). eDNA
from ancient and modern materials can identify a single
species or analyze entire ecosystems. This can also
measure farmed fish, parasite, bacteria, fungi and other
organism. As crucial as it is to detect pathogens, it is
also important to determine if target pathogenic
organisms breach food safety or water quality. eDNA
research began in microbiology since culture-based
methods greatly alter the natural range of bacteria
(Thomsen and Willerslev, 2015). Species quantification
is still the goal of eDNA research, and many authors
have made success in aquatic organisms (Nathan et al.,
2014), but this method can easily identify harmful algae
and pathogens.

After sediments were analyzed for ancient and
contemporary animal and plant DNA, eDNA was
obtained from a range of terrestrial and aquatic
environmental samples to assess macro-organismal
diversity. eDNA methods have helped researchers to
investigate ancient habitats and monitor contemporary
biodiversity in terrestrial and marine ecosystems
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(Thomsen and Willerslev, 2015). After discharge, eDNA
may persist in the environment, be picked up by organic
and inorganic particles, decay, or be altered by bacteria.
There was a correlation between species abundance,
body size and DNA release and degradation. Few abiotic
factors impact eDNA stability, including oxygen
concentration, nuclease activity, pH, conductivity, UV
light, and temperature (Shapiro, 2008). Alvarez et al.
(1996) suggest researching target eDNA fragment size
since smaller fragments survive for weeks or years.

Potentially harmful organisms in the environment and
near aquaculture facilities must be regularly monitored
with eDNA metabarcoding to prevent economic losses
due to infections. The development of technology has
made it simpler to identify various living beings without
negatively affecting either the environment or the
organisms themselves (Bohara et al., 2022). Antibiotic
resistance genes (ARGs) are highly concerned due to the
intensive use of antibiotics in aquaculture species to
prevent and cure bacterial diseases. So, this review shows
how the scientific community is constantly increasing
the use of eDNA surveys as an advantageous tool in
aquaculture perspectives.
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Fig. 1. Overview of the sequential processes involved in environmental DNA (eDNA) technology
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technology (Fig. 1). First, soil and water samples are
taken from the area of interest. Next, specific procedures
are used to extract the DNA from these samples with the
goal of isolating and purifying the eDNA. The DNA
sections serving as genetic markers for the species of
interest are subsequently amplified using PCR. High-
throughput sequencing and other modern sequencing
technologies have made it possible to analyze many
genetic markers in a single sample. DNA sequences are
compared to databases to determine what kinds of species
live in the area being studied. A quantitative study can
show how common or rare each species is. Due to the
sensitivity of eDNA technology, it is possible to find
uncommon or cryptic species that would otherwise go
undetected by more conventional survey techniques. In
addition, eDNA investigations can track changes in
species diversity in real time because of its high temporal
resolution.

Assessment of biodiversity, conservation biology,
and monitoring of aquatic ecosystems are just few of
the ecological fields that might benefit from eDNA
technology. It helps scientists monitor the
whereabouts of threatened species, find the carriers
of disease, and evaluate the effects of human
interference with natural environments. However,
there are still obstacles to overcome, such as
contamination, degradation, and differences in eDNA
shedding rates. To perfect procedures, standardize
methods, and set up stringent quality controls, further
study is needed. However, the vast volume of sea water
promotes dilution and dispersion of the eDNA, making
detection more difficult than in freshwater ecosystems
(Difaz-Ferguson and Moyer, 2014). The quantity of
eDNA in aquatic ecosystems is highly dependent on
the diversity of species present and the rate of
degradation by biotic and abiotic factors. Diet and
trophic investigations can be carried out using eDNA
fragments or metabarcoding techniques without the
need to see or identify prey in the stomach or faces by
employing stomach contents as target DNA (Zarzoso-
Lacoste et al., 2013).

Application of eDNA technology in fisheries and
aquaculture

eDNA is fish DNA lost in the environment, such as
skin, scales, feces, gametes, dead cells, etc.
Understanding aquatic species diversity and
distribution is crucial to managing and monitoring
aquatic habitats. Jo et al. (2019) suggest it helps
discover spatial variations in coastal ecosystem species
communities. Numerous aquatic creatures are hidden
under the water; therefore, their accessibility is being

studied (Ardura et al., 2015). As eDNA technology
advances, it can be used to examine a wider aquatic
environment and easily identify creatures (Hidnfling
et al.,2016). As monitoring this resource under climate
change is crucial, eDNA allows rapid monitoring of
vast ecosystems like the ocean and its bottom
distribution, which is rich in biodiversity. Since it
detects eDNA in the water, not the fish, it may give a
false positive if the source water contains the parasite.
DNA metabarcoding may help explain freshwater
plankton community structure and dispersion.
Microorganisms and macroalgae inhibit harmful algal
blooms through biological processes that need further
study using eDNA analysis. Researchers can also
evaluate aquaculture ARGs prevalence by focusing on
certain genes. To accurately detect species in
aquaculture, this technology must be purified,
amplified, bioinformatics analyzed, DNA extracted, and
sampled. Standardization of methods is essential for
data comparability and dependability, and eDNA
technology raises ethical and regulatory issues for
responsible management, including privacy, data
sharing, and species discovery. This section covered
aquaculture applications of eDNA technology.

Detection of fish pathogens: The risk of infection and
disease spread is higher in fish farms than in natural
habitats because farmed animals are often kept in high
density and are subject to constant stress and a variety
of pollutants. So, the use of eDNA technology for the
detection of fish diseases has emerged as a game-
changing approach to aquatic health monitoring and
disease management. Bacteria, viruses, and parasites
are some of the fish diseases that can have devastating
effects on both wild and farmed fish populations. The
release of genetic material from bacteria into the
extracellular media has been documented by Bohara
et al.(2022).

Some bacteria extrude damaged DNA and
manufacture new DNA in water to survive, whereas others
lyse their cells and release their DNA (Battista, 1997).
Rainwater and groundwater intrusion may transfer the
fungus to surrounding lakes and rivers, but cannot be
traced accurately because fungal DNA is less studied
than bacterial DNA (Martins et al., 2010). Traditionally,
fish were collected and euthanized before being
examined for endoparasites, which was time-consuming
and cruel. However, eDNA technology has made this
process more efficient. Several studies (Taengphu et al.,
2022) have shown that eDNA or eRNA may detect viral
DNA and RNA (Ip et al., 2023). The number of different
bacteria varies with temperature, but eDNA can detect
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Table 1. Fish diseases identified by using eDNA technology
Disease Pathogens detected Source Country References
Red seabream iridovirus Seawater Singapore Minamoto et al., 2009;
Ip etal., 2023
Nervous necrosis virus Seawater Singapore Ipetal., 2023
Viral Cyprinus herpes virus Lake, Pond, River  Japan Minamoto et al., 2009
pathogens (CyHV-3)
Tilapia tilapine virus Pond water Thailand Taengphu et al., 2022
Ranavirus Pond water France Miaud et al., 2019
Scale drop disease virus Pond water Singapore Kiat ez al., 2023
. Rembac.terzum River and pond Sweden Persson ef al., 2022
Bacterial salmoninarum water
pathogens Aeromonas spp. River Korea Fong et al., 2016
Flavobacterium .
. River Japan Tenma et al., 2021
psychrophilum
Recirculatory
Yersinia ruckeri aquaculture Norway Lewin et al., 2020
system (RAS)
Fungal . .. . .
Saprolegnia parasitica River France Rocchi et al., 2017
pathogens
Myxosporean River Spain Lisnerova et al., 2023
Chilodonella hexasticha Pond water Australia Gomes et al., 2017
Pseudoloma neurophilia RAS United States Schuster et al., 2023
Gyrodactylus salaris River and pond Norway Rusch et al., 2018
water
Schistocephalus solidus Seawater Canada Berger and Aubin-
Horth, 2018
Parasitic Nematode.and Lakes New Zealand Thomas et al., 2022
pathogens Platyhelminths
Dactyl Fish consignment  Australi Trujiflo-Gonzdlez
actylogyrus spp. sh consignme ustralia et al.. 2019
Myxobolus cerebralis River California Richey et al., 2018
T -
etracapsuloides River Switzerland Carraro et al., 2018
bryosalmonae
Ceratonova shasta River California Richey et al., 2020
Neoparamoeba perurans Seawater Australia Bridle et al., 2010
Cryptocaryon irritans Marine fish farm Hong Kong Tsang et al., 2021
Sphaerothecum destruens River and pond Great Britain Sanaet al., 2018

water

it. Table 1 lists several fish diseases found by this method.

Invasive and time-consuming approaches often used
to identify these infections may be stressful for fish and
prevent early diagnosis. In order to identify fish diseases
quickly and accurately, eDNA technology provides a
non-invasive, extremely sensitive alternative. eDNA-
based virus detection works on the premise that infected
fish leak genetic material into the environment (Kawato
et al., 2021). Researchers can now easily isolate the
eDNA, and allows for a comprehensive assessment of

the range of pathogens present in each body of water or
aquaculture facility. This eDNA monitoring reduces
stress during surveillance while providing a more
thorough evaluation of disease prevalence than
conventional sample approaches.

Eutrophication and algae blooms control:
Eutrophication, which harms aquatic ecosystems, is
caused by algal blooms due to addition of excess
nutrients into water body. To address this problem eDNA
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technology is helpful. Human activities and nutrient
imports have been linked to eutrophication, which may
degrade water quality, diminish biodiversity, and pose
risks to human health. Genetic material discharged by
organisms is used for in-depth species monitoring
without direct observation. When it comes to controlling
algal blooms, eDNA can help by seeing the first
symptoms of a bloom-forming and determining which
species are most prevalent. Timely treatments, such
altering nutrient inputs or deploying targeted algicides,
are made possible by timely information. Safeguarding
water quality and the delicate balance of aquatic habitats,
eDNA technology provides a non-intrusive, cost-
effective solution to monitoring and mitigating
eutrophication and algal blooms. In the 1990s, eDNA
techniques were used to track phytoplankton blooms
and evaluate the impact of environmental factors on
bacterial community biomass (Bailiff and Karl, 1991).

We can use species compositions to find ecological
indicators to reduce aquatic eutrophication and HABs
in freshwater and marine habitats. Due to their toxicity
and quick development, harmful algal blooms, induced
by phytoplankton, hypoxia, or a lack of local flora and
fauna (Smith and Schindler, 2009), destroy aquatic food
webs (Wiegand and Pflugmacher, 2005). Algicidal
chemical and biological approaches for plankton
management are time-consuming, expensive, and only
used when algae are visible (He et al., 2012). Their
presence has already degraded water quality by lowering
oxygen levels and restricting nutrient cycling and light
(Paerl and Otten, 2013), but eDNA can detect them at
extremely low levels and allow early treatment. Imai
et al. (2010) found that cyanobacteria toxins harm
animals, plants, and humans. Thus, rapid eDNA advances
should help monitor and avoid marine HABs. Lowering
N and P inputs in too-fertile aquatic systems can stop
eutrophication and HABs. eDNA could locate
microorganisms that efficiently absorb and change
nutrients like N and P in waterbodies to reduce their
concentration (Liu et al., 2020). Identifying bacteria that
suppress toxic algal growth is crucial. Species diversity
and environmental characteristics like pH, N, and P must
be monitored throughout time to determine microbe
preferences. Early warning systems and HAB prevention
can be achieved by purposely encouraging such bacteria
to multiply before an epidemic.

DNA content in coastal waters has been shown to
correspond with the spatial and temporal fluctuations
of bacterial and phytoplankton populations during
blooming episodes (Bailiffand Karl, 1991). Combining
eDNA procedures with additional approaches, such as
physical and chemical studies, may provide more
complete information.

Fish biodiversity monitoring: Fish species were detected
by direct observation to determine their distributions,
patterns, and abundances (Thomsen et al., 2012).
However, these methods are laborious and expensive,
so new molecular methods for aquatic organism
detection have emerged. There are many ways to use
eDNA in conservation biology. Fish biodiversity
monitoring, analysis, and conservation are greatly
improved by eDNA technology. Monitoring of fish
populations, species ranges, and habitat changes is
necessary. These analyses inform ecosystem status and
conservation efforts. Studying fish populations helps
researchers conserve, identify threatened species, and
assess environmental stressors. Genetic analysis and
eDNA sampling offer novel biodiversity assessment
methods. This innovative method allows non-intrusive
sampling of aquatic ecosystems to complete fish
population studies and also estimates population. This
knowledge aids fisheries management, habitat
degradation assessments, and conservation. eDNA
technology makes fish biodiversity research fast, cheap,
and scalable, preserving aquatic ecosystems and fish
populations for future generations. Maintaining healthy
fisheries, food supplies, and aquatic ecosystems’ delicate
balance requires protecting fish populations.
Researchers examined biological life events like
spawning and larval settling in fish and shrimp to
determine when and where a species’ life history event
occurred (Diaz-Ferguson and Moyer, 2014). eDNA and
water quality assessments of planktonic species may help
researchers develop technologies with the data.
Because short DNA sequences can persist for long
periods in cold environments with reduced exposure or
no light, ancient eDNA in sediments, ice cores, and other
environmental sources can help scientists reconstruct
community structure and historical ecological processes
(Willerslev et al., 2003). Most of Earth’s species haven’t
been formally described by scientists, compounding this
problem. Since fish eDNA was 8-1,800 times more
concentrated in sediment than water and surficial
sediments than surface water, sediment was used to
identify fish species (Turner et al., 2015). Directly
collecting and observing many species or samples is
impossible. Many closely related species lack
morphological distinguishing features, making visual
differentiation difficult (Ko ez al., 2013). Monitoring
species and populations provides reliable distribution
patterns and population size estimates, which helps
conserve biodiversity (Thomsen and Willerslev, 2015).
As eDNA metabarcoding detected a broader range of
taxonomic groups than the visual surveys (Afzali et al.,
2021), it was found that eDNA metabarcoding can
provide monitoring results that are comparable to, or
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more sensitive than, a variety of conventional monitoring
methods. The fauna and vegetation of springs in the
Mojave Desert of California, USA, were detected using
three different eDNA metabarcoding primer sets by
Palacios Mejia et al. (2021). Székely et al. (2021) took
water samples from the ocean to look for bowhead whales
using a recently developed real-time PCR technique.
To better forecast geographic and temporal biodiversity
trends, eDNA-based techniques are likely to transition
in the future from single-marker assessments of species
or groups to meta-genomic surveys of whole ecosystems.
The biological, geological, and environmental sciences
may all benefit from these developments (Thomsen and
Willerslev, 2015).

Ecology and environment: eDNA technology is a game-
changer in the fields of ecology and environmental
management since it provides a fast, non-invasive way
to measure biodiversity and monitor ecosystem vitality.
Itincludes the collection of genetic material that animals
shed into the environment, which reveals information
on the existence, distribution, and interactions of
different species. This enables scientists to keep an eye
on sensitive or inaccessible environments without
causing any damage. Its accuracy and scalability make
it a powerful resource for monitoring ecosystems and
predicting future changes. By facilitating sustainable
practices that protect biodiversity and environmental
integrity, eDNA technology enables a proactive strategy
for managing ecosystems.

This method was used to determine habitat
connectivity for fish migration between the sea and river
(Yamanaka and Minamoto, 2016) and to easily identify
the presence or absence of the targeted species during
seasonal migration pattern identification to maintain fish
diversity and river ecosystem functions. Tsuji and
Shibata (2021) demonstrated how their eDNA method
can study fish reproductive biology. It could be useful
for assessing river-artificial barrier effects before and after
construction (Yamanaka and Minamoto, 2016). Using
eDNA analysis to predict community composition
(Minamoto et al., 2012), quantify species abundance
(Pilliod et al., 2013), and detect aquatic species has
advanced rapidly. Higher species extinction rates than
pre-human times (Barnosky ez al., 2011) threaten human
health and the planet’s future (Diaz et al., 2006). Long-
term data can provide innovative conservation and
management guidelines for aquatic ecosystems. Better
aquatic ecosystem management would improve
freshwater and saltwater biodiversity and quality. These
traits would boost biodiversity, the economy, and health
(Liu et al., 2020).

Early detection of invasive species: This technique
greatly improves the early identification of invasive
species. Rapid and sensitive identification of species
that cannot be directly seen is made possible by eDNA
via the collection of genetic material shed into the
environment. This non-invasive method improves
monitoring efficiency and accuracy, both of which are
essential for preventing further harm from incursions.
Rare and elusive species may be found with the use of
eDNA, as an invasive species and the effects of
environmental changes. Even in difficult settings, eDNA
enables more thorough collection. It’s useful for spotting
invasive species in their early stages when they’re often
hard to notice using conventional approaches. The
ability to implement quick reaction techniques is greatly
enhanced by early discovery, which helps to minimize
additional ecological harm. According to Yamanaka and
Minamoto (2016), eDNA technology is an excellent tool
for fish monitoring since it enables proactive
management and protects native ecosystems from the
detrimental consequences of alien species.

Locating an invasive alien species’ range is the first
step in addressing the difficulties it causes. However, it
might be challenging to research species in aquatic
habitats (Fujiwara et al., 2016). The abundance of food
in their new settings has allowed many invasive fish
species to rapidly expand their biomass via breeding.
These fish may eventually displace local species by
outcompeting them for food and other resources. It has
been claimed that eDNA detection may be used to
distinguish between fish species in water (Minamoto
et al.,2012). The introduction of invasive alien species
may have negative consequences on native ecosystems
and fisheries, contributing to the worldwide loss of
biodiversity that has been identified as a pressing issue.
With this technology, invading species may be found in
their early stages by tracing their genetic footprints in
water bodies. In North America, eDNA has been shown
to be an effective detection method for invasive species
in freshwater systems by researchers Jerde et al. (2011).
Asian carp (Hypophthalmichthys molitrix and H. nobilis)
were the primary research subjects in this investigation
of their detection methods. When problems are identified
quickly, solutions may be implemented to slow or stop
their growth. Assessing ecosystem health may be done
indirectly via the use of eDNA to track shifts in
community makeup and declines in species diversity.

Water quality monitoring: The prosperity of fishing
and farming in water requires pristine aquatic habitats.
By measuring the existence and quantity of indicator
species, eDNA may be used to keep tabs on water quality.
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Lake water quality can be measured by phytoplankton
biomass and species composition (Chen et al., 2017).
Pollution, habitat degradation, and other environmental
stresses may all be deduced from variations in eDNA
signals. Parameters of water quality such as temperature,
oxygen content, pH, and pollution levels must be kept
optimal for aquatic life to thrive. Overall fish
productivity may be hampered by poor water quality
due to stress, sickness, and decreased reproduction.
Specifically, changes in species variety might impact
the distribution of submerged macrophytes, water
quality (Didham et al., 2005), and the general dynamics
of an ecosystem. Therefore, eDNA may prove to be a
valuable resource in future risk-based decision making
for natural resources and environmental impact
assessments (Veldhoen et al., 2012).

Diatom has high protein and fat content, which aids
in the development of fish and shrimp, and this is also
used to monitor the water quality. Miyata et al. (2022)
evaluated a diatom eDNA-based approach and employed
eDNA/eRNA from algae and arthropods to assess
biodiversity and water quality. Sedimentary eDNA was
employed by Sun et al. (2021) to make connection
between reservoir water quality and long-term
microbiological profiles, andobserved bacterial
communities of sediments provided a historical window
into the effects that human activities had on water quality.

Detecting antibiotic resistance genes using DNA: The
efficacy of antibiotics used in animal treatment may be
diminished if bacteria in aquatic settings acquire the
ability to transmit ARGs to native bacterial populations.
The widespread use of antibiotics in aquaculture
contributes to a worldwide health crisis known as
antibiotic resistance (AR). Aquatic and terrestrial
ecosystems are equally impacted by the development of
AR due to the horizontal transmission of ARGs across
bacteria in aquaculture settings. The health of aquatic
creatures may be impacted, and the delicate equilibrium
of microbial communities in aquatic environments may
be upset if these genes are introduced. There may be
serious ecological and public health consequences if
antibiotic-resistant bacteria are accidentally released
into the environment. Comparison of clinical,
agricultural, or eDNA sequences to collections of
reference AMR sequences is the backbone of AMR
surveillance and genome analysis, underscoring the
significance of well-curated AMR databases (McArthur
and Tsang, 2017).

It has been suggested that the acquisition of genes
from several sources may lead to multidrug resistance in
certain bacteria (Saavedra et al., 2018). Possible
mechanisms for the emergence of AMR include

spontaneous mutations and the horizontal transfer of
genes from resistant bacteria through transformation,
transduction, and conjugation. Transformation involves
the transfer of cell-free DNA to bacteria that are receptive
or competent; transduction involves the use of
bacteriophages; and conjugation involves the transfer
of mobile genetic elements like plasmids through direct
cell-to-cell contact. Antimicrobial usage may provide a
selection pressure that favours the survival and spread
of drug-resistant microorganisms. Water use in irrigation,
animal farms, and aquaculture all pose risks for spreading
AMR. This is because water may carry pathogens from
one location to another. In addition, long-distance
travellers like seagulls and other wild animals are known
to spread resistant bacteria to new ecosystems.

Aquaculture facilities and their surrounding water
bodies may be sampled for eDNA analysis, eliminating
the requirement for time-consuming and laborious
culture-based approaches for detecting antibiotic-
resistant bacteria and ARGs. AMR research in surface
waters may utilize molecular methods that evaluate the
DNA of a bacterium for related ARGs (Chang et al.,
2017). This is because environmental bacteria might
represent key resistance reservoirs, and their culture is
also not straightforward; thus, they evade detection. By
analyzing the retrieved eDNA using molecular tools like
PCR or metagenomic approaches, scientists get insight
into the prevalence, diversity, and dynamics of
antibiotic-resistant populations. qPCR experiments
directed at individual ARGs that also provide
information on the prevalence of resistance genes in
aquaculture settings. As shown by Chang et al. (2017),
gPCR data may be used as a reliable substitute for ARG
transferability. Depending on the DNA extraction
method, gPCR may reveal the abundance of the targeted
ARG s in diverse genetic settings, such as live bacteria,
mobile DNA fragments like MGEs (Mobile genetic
element), and “free” ambient DNA, i.e., extracellular
DNA (Eramoet al., 2019).

Future directions

Future advances in fisheries and aquaculture with
eDNA technology are likely to continue. More research
is needed to perfect the technique, increase detection
sensitivity, and expand uses. Academics and industry
must collaborate to maximize eDNA’s potential. Future
species identification will require optimizing molecular
tests and verifying positive samples, both eDNA-related
challenges. Optimizing eDNA for disease diagnosis is still
difficult, and to ensure that eDNA comes from active
infection but not from discarded DNA fragments. For
accurate results, sample collection, processing, and
analysis must minimize contamination. Validation and
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standardization of eDNA-based assays are improving
their reliability. Another way to reduce eDNA false
positive ambiguity is to Sanger sequence every positive
eDNA.

This technique can only provide information on
organisms discovered from genetic material, so reference
DNA databases may limit its use for certain species, and
we needed species-specific primer sets so that we could
identify other species also. If eDNA analysis
technologies improve, metabarcoding with universal
primers, it can estimate fish biomass and biodiversity.
These advances will help us protect endangered species
and eradicate invasive ones. Deep-sea community
composition is unknown due to the rarity of hadal
ecosystem studies, so this method allows us to identify
deep oceanic aquatic fauna.

Aquaculture and host species repatriation may
benefit from eDNA infection testing to stop infectious
agents from spreading to wild fish populations. Thus,
Sana et al. (2018) addressed a major fisheries
conservation issue. eDNA tools need more work before
they can fully replace conventional pathogen abundance
detection methods (Rusch et al., 2018), but researchers
say they will cut costs, improve surveillance, and speed
up risk mitigation if they return positive.

Conclusion

Fisheries and aquaculture research and management
are changing rapidly due to eDNA technology. Its use
in biodiversity assessment, pathogen screening, fish
population monitoring, HAB detection, invasive species
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identification is a paradigm shift in aquatic disease
monitoring, protecting both wild and cultivated fish
populations. Despite its ability to reliably detect target
species, eDNA’s use in the real world is limited by its
inability to accurately assess the prevalence of non-
targeted agents in the environment.
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