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OBON: towards a global biomolecular observation network to help support
ocean management and governance
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OBON Scientific Advisory Committee*
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The Ocean Biomolecular Observing Network (OBON) is an international programme endorsed by the UN
Decade of Ocean Science for Sustainable Development (“UN Ocean Decade”) that aims to transform how we
sense, harvest, protect, and manage ocean life, which is currently threatened by multiple stresses including
pollution, habitat loss, and climate change. OBON will also help communities detect biological hazards like
harmful algal blooms and pathogens, and be a key component of next-generation ocean observing systems.
To achieve this vision, together with our endorsed Projects we will ensure that biomolecular observations
of the ocean are globally coordinated, harmonised, Findable, Accessible, Interoperable and Reusable (FAIR),
and reliably flow into the global ocean observing system, as standard practice integral to sustainable
ocean management. OBON acts as the strategic hub for a global biomolecular observatory in support of
the UN Ocean Decade, bringing knowledge based on biomolecules and capacity to advance and broaden
their application to diverse ocean users. The aim of OBON is to develop a programme that is the biological
equivalent of the Argo network of profiling floats. OBON's core pillars are to (1) Innovate technology and
methodologies, delivering frameworks to advance biomolecular observations from the coastal to the open
ocean, thus enabling broad-scale interpretations and scientific discovery; (2) Develop resources, networks
and strengthen capacity globally, to advance observations and analyses while ensuring equitable access
to ocean knowledge and resources; and (3) Enhance the use and interpretation of these data through FAIR
data practices and model integration, and the creation of ocean knowledge. Together, this work informs
ocean users and managers, ensuring sustainable interactions in support of a healthy ocean. This poster will
provide an overview of the OBON programme, recent developments, and ways for the global biomolecular
observation community to engage.
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Verification that people with disabilities can participate in citizen science
using environmental DNA analysis
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Environmental DNA (eDNA) analysis is attracting attention as a citizen science tool because it can estimate
the species present simply by collecting water samples. However, currently most citizen science projects
using eDNA analysis are designed for participation by people without disabilities, and there are no reports
of the projects using eDNA analysis designed for participation by people with disabilities. It is important to
verify that a wide range of citizens, including people with disabilities, can participate because it is desirable for
citizen science to be open to all citizens. In this study, we conducted citizen participation surveys using eDNA
analysis with students with mild intellectual disabilities and visual impairments from two special education
schools and with citizens recruited through public advertisement to verify the sampling ability of people with
disabilities. After receiving basic instruction in ecology and eDNA, survey participants collected and filtered
water samples on site at the beach. The results of the fish metabarcoding analysis suggest that people with
disabilities can adequately collect and filter water samples for eDNA analysis. This study shows that eDNA
analysis is an effective citizen science tool for a wide range of citizens, including people with disabilities.
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Sequencing Analysis of Environmental RNA from Japanese Medaka at
Multiple Size Fractions and Comparison with Skin RNA
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Environmental RNA (eRNA) is emerging as a non-invasive tool for assessing the health of macro-organisms,
but key information on its origin and particle sizes remains unclear. In this study, we performed comprehensive
RNA-sequencing of eRNA (>13 Gb/sample) collected from water tank containing Japanese medaka, using
sequential filtration through 10, 3, and 0.4 um filters. Fish skin RNA was also sequenced to reveal the origin of
eRNA. The results showed that the 3 - 10 um fraction contained the highest amount of eRNA and the most
detected genes, while the 0.4 - 3 um fraction had the lowest. Only a small number of genes were unique to
the 0.4 - 3 um fraction, suggesting that a 3 um filter is optimal for eRNA analysis. Furthermore, 81% of the
genes detected in eRNA overlapped with skin RNA, indicating skin is a major source of eRNA.
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Validation of Environmentally Derived RNA Markers for Developmental
Stage Identification in Amphibians
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The application of environmental DNA (eDNA) analysis in biomonitoring has expanded dramatically in recent
years. However, it remains difficult to obtain information beyond the presence or absence of organisms using
eDNA. In contrast, environmental RNA (eRNA) analysis offers the potential to provide real-time information
about organisms, such as their developmental stages and activity states. Nevertheless, eRNA is more fragile
compared to eDNA, making it challenging to identify biomarkers with sufficient expression levels to obtain
stable data. In response, we collected eRNA from the aquarium water of Xenopus laevis and investigated RNA
changes before and after metamorphosis. By concentrating nucleic acids from 25 liters of aquarium water
and optimizing the protocol, we successfully extracted an average of 113.27 ng of total RNA per liter. Through
RNA-seq analysis, we identified several genes with significant differences in expression levels between the
pre- and post-metamorphic stages. We plan to present the results of real-time PCR validation of these genes
as potential biomarkers.
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Development of eRNA methods for identifying their growth stages of the
endangered Oki salamander Hynobius okiensis
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The Oki Islands endemic Hynobius okiensis is classified as an endangered species. The adults of this species are
difficult to find because they experience a metamorphosis and then shift to a terrestrial life stage. Accordingly,
little is known about the ecological characteristics of this species, such as the distribution of its terrestrial
habitat or its reproductive behaviors. The purpose of this study was to evaluate whether environmental RNA
(mRNA) in water samples could identify this species at each growth stage, including adults. As a result, we
were able to identify mRNAs that are specifically expressed in each growth stage by a RNA-seq with the tissue
samples from larvae or subadults. At present, we are evaluating whether mRNA specific to growth stages can
detect in incubation water samples with this species. To clarify the unknown ecology of H. okiensis, in the
future, using the developed eRNA methods we will conduct a field survey in a mountain stream in the Oki
Islands.



[P-06]
ANDT T4 E)RBRRICE W TEIEFE ZIRE RNA S IC K W iR
EECS)

Detection of reproductive activity by environmental RNA analysis in an
experimental model using Pleurodeles waltl (Iberian ribbed newt)
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To conserve the endangered salamanders, it is necessary to monitor not only population size but also
reproduction. Environmental RNA (eRNA) analysis is a method that can detect organisms’ physiological states
from environmental samples such as water. This study aimed to establish a method to detect reproductive
activity of salamanders by eRNA analysis. We used a model organism, Pleusodeles waltl (Iberian ribbed newt),
and identified transcripts that are highly and specifically expressed in mature eggs. Furthermore, we induced
female newts to lay eggs in a tank experiment, extracted eRNA from their incubation water, and detected egg-
specific eRNAs using RT-gPCR. A significant relationship was found between egg-laying and the detection of
egg-specific RNA (e.g., birc7l, h2al, and h2ax). We have shown for the first time that reproductive activity of
amphibian species can be detected by eRNA analysis under the experimental environment.
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Reproductive behavior in fish predicted by environmental RNA
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BHT, BIEITHRENICRESNS RNAZRE Lic, €51, 24 BEOREEHNEHRKZITLY, D RNA
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Nic. AKERIE, eRNA BIHREMITEHHEEICS WV THIRNTH S T LZ2TET B,

Environmental DNA (eDNA) is an effective non-invasive survey method for investigating the distribution
of organisms and species composition, but it cannot directly deduce physiological behaviors such as
reproduction and stress responses. Therefore, we extract environmental RNA (eRNA) that may represent
physiological phenomena from the water to predict the behavior of organisms non-invasively. In this study,
we used medaka as a fish model and selected eRNA markers related to reproductive behavior. We also
established an efficient method for extracting eRNA and compared the quantities of the reproductive markers
between the tank water of mating and non-mating groups. The result revealed that the eRNA specific to
semen and sperm was significantly higher in the water of the reproductive group. In addition, we examined
24-hour water samples continuously and analyzed the temporal changes of reproduction markers and found
that the eRNA peaked at the beginning of the light cycle, a pattern that is consistent with the daily spawning
cycle of medaka. The results suggest that eRNA is a valuable non-invasive method to predict organismal
behavior in the wild.
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Environmental Exosomes : Whether does it become a new environmental
indicator?
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ZDFER, 7 IV HAEEBEKAIT 50 ~200nm O/NEDEFEEZHRL, TNH5H5F I RNAFRICT dv
HAHRD piRNA BB E ICRE TN DD, TNSDNEIET7 AV AADNRERICREH LTIV VY —
LEHET LTz, TV VY — LSREEEDOEIBIREE KM L TWA T ENPRFEINZDTRIEAEZ2—7
BHGIBIEE LTHLERFTES, THILE DOKEEMTRKROBERNMESR INNE, TI7YV Y —LDK
BOHTIE, EMBODHERAET H5Z T, BIEDNA 5 fxd 2REERIE2HE LNEL,

Exosomes, which are extracellular vesicles secreted by eukaryotic cells, in intercellular communication within
the individual. Since the tissues/cells of aquatic organisms are in physical contact with the environmental
water, we hypothesized that they may release exosomes into their aquatic environment. In this study, we
focused on bivalves, which have an open circulatory system and filter feed, and investigated the presence or
absence of exosomes in the rearing water using the Akoya pearl oyster Pinctada fucata.

We observed that there were abundant vesicles of 50-200 nm, like exosomes, in the rearing water.
Furthermore, it was identified that piRNA derived from Akoya pearl oyster specimens are more abundant
than miRNA. This time, we confirmed that numerous piRNA derived from pearl oyster specimens were
present in the small RNA extracted from the microvesicle fraction. Consequently, we concluded that these
extracellular vesicles are exosomes released into the environment by the pearl oyster specimens. Since
exosomes are expected to reflect the physiological state of the individual that released them, environmental
exosomes could also be applied as a new indicator for assessing environmental conditions. Moreover, if such a
phenomenon is identified in various aquatic organisms, nucleic acid analysis of exosomes might complement
environmental DNA in investigating species distribution.
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Ecological effect assessment of chemical substances based on analysis of
biological communities using environmental RNA
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In the ecological risk assessment of chemical substances, the predicted no-effect concentration is calculated
from the laboratory toxicity test data of single species by applying assessment factors, and is compared to
the environmental concentration of chemical substance in order to assess the ecological risk. However, it
has been pointed out that current ecological effect assessments, which predict ecosystem responses from
ecotoxicity tests of single species, tend to be conservative because of the inherently large uncertainty.
Recently, studies on ecological effect assessments at levels of biological organization higher than population
have been reported. Among them, ecological effect assessments using traditional field survey (TFS) can
evaluate the impacts of chemical substances based on comprehensive information on ecosystems, however
TFS is complicated, costly, and time-consuming, resulting there are few examples of such assessments. In
this study, we conducted ecological surveys of arthropods using environmental nucleic acids (eDNA and
eRNA), which can conveniently observe the response of biological communities, in a river where effluents
containing linear alkylbenzene sulfonate (LAS) have been flowing into, and analyzed the relationship between
biological communities and LAS concentration. Environmental nucleic acids metabarcoding analyses could
observe changes in community structure in response to LAS concentration, similar to TFS. Furthermore, eRNA
analysis may be more sensitive than eDNA analysis in capturing the impacts of LAS, suggesting that LAS
concentrations that protect ecosystems can be estimated based on changes in community structure. These
results provide important insights for policy making in chemicals management and for validation of current
ecological effect assessments methods.
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The utility of environmental RNA sequencing for stress response analysis
— case study on ecological effect assessment of a surfactant —
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BENEGTHERDIEDTE . eRNAE, RERIGICEETHRX 7« dBREYPES I FOEERICE
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fz eRNA-sequencing (eRNA-seq) (&, HEEMR b L RAZRBIFT Bz DEERIHRENY —ILE LTER
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Metabarcoding, using environmental DNA (eDNA) from aquatic environments, has revolutionized ecological
surveys. While eDNA metabarcoding provides information on species richness and abundance, it can lead
to false positives. To address this issue, environmental RNA (eRNA), which degrades more rapidly than DNA,
has been proposed as an alternative. Our previous studies have demonstrated the effectiveness of eRNA
metabarcoding for ecological surveys with high predictive accuracy. However, detecting early-stage stresses
involved in population decline or extinction through eDNA/RNA metabarcoding remains challenging.
The utility of environmental RNA (eRNA) in capturing biological responses to stresses has been discussed
previously; however, the limited number of genes detected remains a significant hindrance to its widespread
implementation. Here, we investigated the potential of eRNA to assess the health status of Japanese medaka
fish exposed to linear alkylbenzene sulfonate. Analyzing eRNA and organismal RNA (oRNA) in aquarium
water for > 12 h, we achieved high mapping rates and 10 times more differentially expressed genes than
previously reported. This advancement has facilitated the previously unattainable capability of gene ontology
analysis. eRNA exhibited high sensitivity in responding to genes associated with sphingolipid and ceramide
biosynthesis, which are involved in inflammatory responses possibly originating from impaired cells. This
finding aligns with the observations made in oRNA. Conclusively, eRNA-sequencing (eRNA-seq) using
aquarium water emerges as a valuable non-invasive tool for analyzing physiological stress. The findings of this
study lay the foundation for further development of eRNA-seq technologies. Early identification of stresses
that adversely affect habitat organisms can benefit effective ecosystem conservation efforts.
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Development of 12-channel eDNA Sampler and its Improvement for
Practical Application
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We have been developing and improving a fully automated eDNA sampler with the aim of contributing
to the expansion of eDNA observation networks by automating the collection and preservation of eDNA
samples in marine, lake, river, and other aquatic environments. The standard floating buoy model is capable of
automatically filtering and collecting 12 samples on disposable filter units according to the pre-set schedule,
and of supplying DNA preservation reagents such as RNAlater. To meet a variety of scientific needs, several
derivative models have also been developed and evaluated. The 4G-LTE model allows remote control of the
deployed eDNA sampler via the Internet. We are also working on a prototype model that can operate down
to the water depth of 1,000 m. Here, we mainly present the features and results of field trials of the latest
model of 12-channel eDNA sampler. We are also planning to accelerate the practical application and social
implementation of our eDNA samplers by launching a start-up company soon.
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Basic study of an environmental DNA passive sampling method for the
monitoring of marine fish diversity
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I, TIE DNA Dz BWREREDVOEDE LT, DNARERMZKPITRET H/\v T T
D27 (PSR BMERINTWS, FAMETIE, BFORBEREICEHIT S PS EZDERNIRSZ BN E
LT, =EE (LB - - TB), &R Wi - A% - iR, RERRE (1~ 24 6[E) OEWLICK
HEEESHREDREHIRIOVTHR L. TORR, REBICEVCHFEP TETEVLZKIEZ I M
BHENTc—AHT, EMIIRDEVTIEIKREGRZIIHONGD o, e, RERBICHEWLTIE 6 BEP9
KETEVWSKREZR LI LD, RBETRERBHFET 2 LT EINT, IhiE, REREMDHIER
5 DNA 7217 ¢7%5 < DNA#H® PCRIAEDER L G 2MBLERLIHTH B EEZA SN, &, PS
EFREBKEDAFL LFEVSHREZRLILI EDD, BFICBVTEZOEMMENRENT.

Passive sampling method (PS method) by submerging DNA adsorption materials in water has been developed
as one of the environmental DNA surveys. In this study, as a basic study of the PS method in the marine
fish diversity survey, the effectiveness of the PS method in detecting fish diversity in different submerged
layers (upper, middle and lower), material shapes (round, square and crushed) and submerged times (1-
24 hours) was compared. Result of the PS method showed a trend of higher fish diversity in the middle and
lower layers, while no differences were observed among the material shapes. In addition, the higher fish
diversity was observed at two submerging times (six and nine hours), suggesting that there is an effective
submerging period of PS material. This result indicated that the submerged material accumulated not only
fish environmental DNA, but also substances to decrease the DNA recovery rate and PCR efficiency. The PS
method also showed similar or higher diversity with surface water, indicating its effectiveness in marine
waters.
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Passive eDNA sampling facilitates biodiversity monitoring and rare species
detection
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Environmental DNA (eDNA) technology has revolutionized biomonitoring, but challenges remain regarding
water sample processing. The passive eDNA sampler (PEDS) represents a viable alternative to active, water
filtration-based eDNA enrichment methods, but the effectiveness of PEDS for surveying biodiverse and
complex natural water bodies is unknown. Here, we collected eDNA using filtration and glass fiber filter-based
PEDS (submerged in water for 1 d) from 27 sites along the final reach of the Yangtze River and the coast of the
Yellow Sea, followed by eDNA metabarcoding analysis of fish biodiversity and quantitative PCR (qPCR) for a
critically endangered aquatic mammal, the Yangtze finless porpoise. We ultimately detected 98 fish species
via eDNA metabarcoding. Both eDNA sampling methods captured comparable local species richness and
revealed largely similar spatial variation in fish assemblages and community partitions between the river and
sea sites. Notably, the Yangtze finless porpoise was detected only in the metabarcoding of eDNA collected by
PEDS at five sites. Also, species-specific qPCR revealed that the PEDS captured porpoise eDNA at more sites
(7 vs. 2), in greater quantities, and with a higher detection probability (0.803 vs. 0.407) than did filtration. Our
results demonstrate the capacity of PEDS for surveying fish biodiversity, and support that continuous eDNA
collection by PEDS can be more effective than instantaneous water sampling at capturing low abundance and
ephemeral species in natural waters. Thus, the PEDS approach can facilitate more efficient and convenient
eDNA-based biodiversity surveillance and rare species detection.
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Development of a compact DNA extraction device using imidazolium-
modified silica toward on-site extraction technology
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Imidazolium-modified silica (IMS) was prepared for use in a compact DNA extraction device, designed to filter
and extract DNA at low concentrations, in the ng/L range. The IMS demonstrated the capability to specifically
adsorb DNA through electrostatic interactions with the imidazolium groups, followed by the release of the
adsorbed DNA. The results indicate that the developed method could be employed for compact nucleic acid
testing.
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Nucleotide sensor arrays based on molecular-recognition switches and
application to rapid and simple evaluation of environmental DNA samples
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Biorelevant substances emitted from organisms inhabiting the environment are, so to speak, environmental
biomarkers that eloquently tell us about the state of the environment. We have been studying nucleotide
sensing methods with signal switch functions based on nucleotide recognition, aiming at rapid and simple
detection of target nucleotides without labeling. In this study, we developed nucleotide sensor arrays that
can simultaneously detect multiple environmental DNA samples on a single chip for invasive and native fish,
which are important indicators of environmental assessment.

The bluegill detection sensor array and the Ayu detection sensor array showed a large response to each
cDNA, but only a small response to each other's cDNA. They showed significant sequence-specific responses
to environmental DNA samples. Besides, the sensor array was able to detect DNA samples without any
nucleotide amplification such as PCR, and is expected to contribute to on-site environmental assessment.
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Continuous filtering and in situ enzyme digestion systemfor underwater
eDNA sampling
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The standard method for collecting eDNA for biota monitoring uses Sterivex®, a filter cartridge for cell culture
media sterilization. Because it is easily clogged during filtering environmental water, it has a small filter
capacity of 1 liter. The distribution of eDNA in ecological water varies depending on depth and time of day,
leading to a potential non-uniform collection of DNA from organisms. We developed an underwater eDNA
collection system in a 25-cm spherical capsule containing a Fine Wedge® filter that enables continuous
filtration by backwashing and in situ enzyme digestion of residues that prevents DNA degradation. We
evaluated the yield of DNA from this system in the Toyosu Canal. The system filtered more than five times the
volume of water and obtained more than twice as much eDNA from the residue compared to the standard
method using Sterivex®. In addition, in situ enzyme treatment more than doubled the yield of DNA longer
than 1000 bp.

The 7th Annual Meeting (Tsukuba)



[P-17]
BRIV Z U LICEK B PCREEE & DNA R DIE

PCR inhibition by benzalkonium chloride and the effect of DNA purification
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Benzalkonium chloride (BAC) is known as an effective preventer of eDNA degradation in water samples. This
solution, however, is reported to reduce the efficiency of DNA extraction using Proteinase K (e.g. Qiagen
DNeasy Blood & Tissue Kit). In this study, we examined other effects of BAC on eDNA quantification. Endpoint
PCR and Quantitative PCR were performed using eDNA samples with and without BAC taken from the rearing
water of marine fish (Plectropomus leopardus) and the coastal water of Ishigaki Island. The result showed
that strong PCR inhibition occurred with BAC samples when some PCR master mixes were used. The extent
of PCR inhibition did not change with removal of BAC-containing water from filters by centrifugation during
DNA extraction. A single DNA purification step was not enough to completely resolve the PCR inhibition. In
addition, DNA purification sometimes reduced the amount of DNA in the extract. Although the reduction
rate varied from case to case, it tended to be higher with higher original DNA concentration. PCR inhibition
by BAC and DNA reduction by purification process could critically affect the quantitative results of eDNA.
It is recommended to select PCR master mixes compatible with BAC to minimize the impact on eDNA
quantification.
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A comparison of approaches to prevent PCR inhibition in environmental
DNA metabarcoding
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In environmental DNA metabarcoding of inland waters, PCR inhibition caused by various factors such as
humic substances can lead to suboptimal analysis results. Several methods can be employed to prevent PCR
inhibition, including the use of PCR enzymes with enhanced resistance to inhibitors, dilution of template DNA,
and purification of template DNA using inhibitor removal kits. While dilution of template DNA is a simple
and commonly used method to prevent PCR inhibition, it can lead to a decrease in detection sensitivity due
to the reduced concentration of template DNA. This is thought to increase the likelihood of false negatives.
Purification using an inhibitor removal kit has the potential to prevent PCR inhibition without diluting the
template DNA, which is expected to reduce the likelihood of false negatives. Preliminary experiments revealed
that PCR inhibition was mitigated by purifying template DNA rather than diluting it, leading to increased
species detection. In this study, we compared the number of fish species in rivers, lake, and reservoir of dams
using various approaches to mitigate PCR inhibition, and evaluated the effectiveness of each approach.
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Development of a rapid, efficient, and power-free eDNA concentration
method (QuickConc)
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Environmental DNA (eDNA) analysis is effective for non-invasive biodiversity monitoring, as it reveals species
distribution and abundance without ecosystem disruption. Concentration, extraction, and preservation are
three essential steps in the eDNA analysis process. Among these, the concentration of eDNA has attracted
significant research interest, particularly due to the variability of water samples used in studies. To date,
various methods for eDNA concentration have been developed, including glass fiber filtration, Sterivex filters,
and passive samplers; however, no single method is universally applicable because of the variabilities of
eDNA presence and water characteristics including turbidity levels. Therefore, the development of alternative
eDNA concentration methods is crucial for advancing eDNA research. This study introduces QuickCong, a
novel nucleic acid capture method that combines benzalkonium chloride (BAC) with dispersed glass fibers.
Our results indicate that this approach enhances eDNA capture sensitivity by likely improving the interaction
between silica and eDNA. QuickConc was tested in three environments, using metabarcoding and gPCR.
Species-specific gPCR results showed that QuickConc detected 2 to 3 times higher copy numbers compared
to the glass fiber filter and Sterivex methods. Metabarcoding analyses using the MiFish method revealed
that the number of fish species detected in river water was higher with QuickConc, compared to other
methods, while in sea water, the number of fish species was at a similar level compared to other methods.
QuickConc offers new options for eDNA analysis, providing a more sensitive and easily deployable approach
to biodiversity monitoring and conservation strategies.
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Influence of homogenization methods on lichen species detection from
environmental DNA metabarcoding
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Environmental DNA (eDNA) techniques are increasingly employed in biodiversity monitoring of terrestrial
animals, plants, and fungi, holding great potential to revolutionize biodiversity assessments on land. However,
sampling and basic laboratory protocols still require refinement to optimize DNA metabarcoding performance.
Homogenization as a pretreatment for eDNA extraction has been shown to enhance the concentration and
quality of extracted eDNA for some groups of organisms. We developed a simple and efficient method for
capturing arboreal biodiversity using stemflow as a source of eDNA, but its performance with or without
homogenization had not yet been compared. In this study, we evaluated the performance of two different
homogenization methods using eDNA metabarcoding and gPCR assays. This study demonstrated that
bead-beating as a pretreatment for eDNA extraction effectively increases both the yield of lichen DNA and
the number of species detected in environmental samples. In contrast, the use of liquid nitrogen freezing
before eDNA extraction, which is effective for DNA extraction from lichen tissue fragments, did not show any
significant effect on the results of eDNA metabarcoding. Considering the time, effort, and cost associated with
freezing, bead-beating alone appears to be sufficient as a pretreatment for extracting lichen eDNA. However,
further research is needed to determine whether these findings are consistent across different environmental
samples and other arboreal organisms. The application of this optimized method could enhance the accuracy
and efficiency of biodiversity monitoring and conservation efforts involving lichens.
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Development of three sets of PCR primers for environmental DNA
metabarcoding of Annelida, Cnidaria and Echinodermata
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Benthos are a key component of marine ecosystems. They contribute to the cycling of materials within
the sediment, aiding in purification, and serve as sensitive indicator species for changes in the marine
environment. Additionally, they include important species that are vital as food sources for fisheries and other
larger organisms. In this study, we developed environmental DNA metabarcoding detection systems for
annelids, cnidarians, and echinoderms to non-invasively monitor benthic biodiversity. Primers were designed
to target the 28S rRNA region of nuclear DNA for annelids and the 16S rRNA region of mitochondrial DNA for
cnidarians and echinoderms. We evaluated the taxon-specific detection performance of the three primer sets
using a mock sample made from DNA extracts of dozens of key marine organisms. The primer sets developed
in this study are expected to be utilized as tools for more detailed monitoring of marine ecosystems when
combined with previously reported primers.
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A preliminary study of the comparison of polymerase biases at 2nd PCR of
eDNA metabarcoding
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In the metabarcoding analysis of environmental DNA, the 2-step tailed PCR method is widely used as a library
preparation method. However, as far as we know, there are only a few studies that have examined biases
caused by polymerases used at a step adding indexes and adaptors to amplicons, called 2nd PCR. Here
we would report a case in which the effects of the polymerase choice at the 2nd PCR step on sequencing
results were compared. Two kinds of polymerases (KAPA and KOD One) were tested at 2nd PCR of library
preparations derived from five pairs of universal primers (MiFish, Amph_16S, MiDeca, Mtlnsect, and fwhF2). As
a result, the polymerase choice at the 2nd PCR step differentiated the number of detected species when using
some primers such as MiDeca, Mtinsect, and fwhF2. It was suggested that this result may be related to the GC
content of the amplified regions of these primers. There are still other points that should be further verified in
addition to the choice of polymerases, so we would like to continue our study.
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Challenging the eMIG-Seq: New Developments in Coral Environmental DNA
Opened by MIG-Seq
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Accurate species identification and biodiversity assessment are essential for conserving coral reef ecosystems.
However, traditional environmental DNA methods using mitochondrial genes can only identify reef-building
corals to the genus level at best, making it difficult to detect coral species. To address this challenge, this
study attempted to apply the existing MIG-Seq (Multiplexed ISSR Genotyping by Sequencing) technology
to coral environmental DNA analysis for the first time.First, we developed a foundation of species-specific
information necessary for species discrimination from environmental DNA, based on a MIG-Seq database
capable of accurate species identification for diverse coral species. Next, we collected environmental water
samples in laboratory tanks and used MIG-seq, which suggested the possibility of species-level identification.
The potential for species-level identification was demonstrated by collecting environmental water samples in
laboratory tanks and applying MIG-seq analysis. Future research will focus on achieving species identification
in natural environments.This novel approach aims to overcome the limitations of traditional methods
and provide more precise tools for monitoring and conserving coral biodiversity. By enabling species-
level identification from environmental DNA, it could significantly enhance our understanding of coral reef
ecosystems and inform more effective conservation strategies.
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Development of Monitoring Methods for the Endangered Japanese Squirrel
(Sciurus lis) in Hiroshima Prefecture, Japan
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The Japanese squirrel (Sciurus lis), an endemic species to Japan, is found in the Honshu and Shikoku
regions. This species plays a crucial ecological role as a seed disperser, contributing to forest regeneration
by spreading tree seeds. However, it is listed as an Endangered species in the 2020 Red List of the Ministry
of the Environment, particularly in Hiroshima Prefecture. Despite this, the distribution of Japanese squirrels
in the Chugoku region remains unclear. Therefore, this study aims to evaluate the population status of the
Japanese squirrel in Hiroshima Prefecture through a combination of field surveys and environmental DNA
(eDNA) analyses. During the field survey, we employed camera trapping and collected feeding markers
such as leftover pinecones. Our monitoring successfully confirmed the presence of Japanese squirrels in the
northeastern area of Hiroshima. For molecular detection, we designed the species-specific PCR primers and
a system was established to assess the sensitivity of the detection assay. We successfully detected Japanese
squirrel eDNA from feeding markers of red pinecones. This study highlights the effectiveness of environmental
DNA as a tool for detecting and monitoring mammalian species.
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Ecological Survey of Mountain Forests using Roller Surface eDNA Methods
and Flocculants
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Environmental DNA (eDNA) analysis has become a powerful tool in ecological research for aquatic ecosystems,
including rivers and oceans. This success has led to a growing demand in applying eDNA analysis to terrestrial
environments such as mountain forests and grasslands. However, during our sampling last year on Mt Takao
using the roller surface eDNA method, we were unable to extract any eDNA from the muddy water, limiting
our ability to assess the method's effectiveness. As a result, we modified our approach by flocculating the
eDNA with flocculants rather than concentrating it through filtration. We prepared five different flocculants,
including polyaluminium chloride, and tested them on muddy water samples with varying physical properties
to determine which achieved the highest eDNA recovery rate. Once the most effective flocculant was
identified, we applied it to muddy water collected from the mountain forest using the roller surface eDNA
method. The flocculated eDNA was then extracted and analyzed via metabarcoding. In this presentation, we
will discuss the effectiveness of the flocculants and the challenges encountered during the process.
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Collection of environmental DNA from stemflow for detecting terrestrial
mammals
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Recently, various sampling methods of eDNA have been attempted to detect terrestrial mammals. However,
no established method has been reported until now. A recent study reported that eDNA exists in stemflow
on trees and is useful as eDNA samples. In this research, we aimed to demonstrate the effectiveness and the
detectable distance of stemflow eDNA for detecting terrestrial mammals. We conducted sampling from 11
trees in the Kobe Municipal Oji Zoo where mammal species and their range of action are clear. As results,
we detected multiple mammal species in the zoo from stemflow eDNA with eDNA metabarcoding using
MiMammal primers. Based on the results, we discuss possibilities of monitoring terrestrial mammals from
stemflow with eDNA metabarcoding and its prospect.
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Quantitative Metabarcoding of Unionid Mussels
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Unionid mussels, vital spawning hosts for bitterlings, play a crucial role in maintaining river ecosystems.
However, assessing their habitat status has been challenging due to difficulties in detecting and monitoring
these species. Environmental DNA (eDNA) analysis offers a non-invasive solution, allowing researchers to
evaluate mussel habitats without physically collecting specimens. There are two primary methods of eDNA
analysis: species-specific approaches like quantitative PCR, which enable the quantification of a target species,
and metabarcoding, which provides a comprehensive assessment of species presence. We have developed a
novel quantitative metabarcoding approach for Unionid mussels, adapting the quantitative metabarcoding
technique used in fish studies (qMiSeq). By incorporating artificial DNA as a concentration standard, this
method allows for standardization of read counts across samples, enabling accurate comparisons. This
advancement enhances the ability to monitor and conserve Unionid mussel populations, offering a reliable
tool for understanding their ecological status and contributing to better conservation strategies.
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Attempt to understand crustaceans inhabiting the bottom of a dam
reservoir by eDNA analysis.
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We confirmed the presence of lake prawn at the bottom of the dam reservoir (water depth: approx. 10-30 m)
and seasonal changes in habitat density. We examined the possibility of detecting the presence or absence of
lake prawn and seasonal changes in the density of lake prawn by eDNA analysis. The survey was conducted
from 2023 to 2024 at Miharu Dam, located in the Abukuma River system in Fukushima Prefecture. Samples
of water collected at nine points in the dam reservoir using a Van Dorn sampler were used for eDNA analysis.
Water sampling was conducted at multiple depths from the surface to near the bottom, depending on the
water depth at the sampling sites, and species-specific eDNA analyses were conducted for lake prawn. The
habitat conditions of lake prawn were confirmed using sledge net at two of the water sampling sites. We
compare the results of lake prawn captures with the results of eDNA analysis and report on the potential
application of eDNA analysis in shrimp habitat surveys in dam reservoirs.
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Comparison of Fish Assemblages Based on eDNA and Field Survey Results in
Various Aquatic Environments
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Environmental DNA (eDNA) enables the detection of organisms without direct specimen capture, significantly
reducing the manpower and time needed for habitat and distribution surveys. This study aimed to compare
fish species detected by eDNA-based surveys and field surveys across various aquatic environments. In April
2024, both survey methods were conducted in rivers (18 sites), estuaries (8 sites), and lakes (6 sites). Water
samples for eDNA analysis were collected, filtered, and concentrated using CN and GF/F filters, with eDNA
extracted and analyzed via metabarcoding of mitochondrial 16S rDNA on the Illumina MiSeq platform.
Field surveys followed biological monitoring network guidelines. eDNA detected 1.6, 2.9, and 1.8 times
more species in rivers, estuaries, and lakes, respectively, than field surveys, with significant differences in
fish assemblages between the two methods. In lakes, Luciogobius guttatus was found in field surveys but
not detected by eDNA. The dominant and subdominant species differed between the methods in most
environments, except for Zacco temminckii as a subdominant species in rivers. Community similarity was
more distinct in rivers and estuaries, while lakes showed 40% similarity. eDNA'’s ability to detect species
through nucleotide sequences highlights its resolution advantage over traditional methods, but factors like
water flow and external DNA sources may account for discrepancies between survey results.
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A comparison of zooplankton eDNA survey methods and their application
to genus-level indices in lake ecosystems
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The eDNA analysis method has been actively utilized in the field of ecology, alongside rapid technological
advancements, lower costs and effort, and reducing dependence on the skill level of the investigator.
However, limitations remain in applying current eDNA analysis techniques for species-level surveys, due to
issues like the lack of library data and the absence of primers suitable for organisms and taxonomic groups
inhabiting the monitored regions.

Zooplankton, with their short life cycles and sensitivity to complex interactions between physical,
chemical, and biological factors that cause community changes, can serve as effective bioindicators for
assessing the health of lake ecosystems. For such bioindicators, indices can be constructed by combining
indicator species, allowing the calculation of the index through genus- or family-level identification, which has
lower resolution compared to species-level monitoring. Therefore, applying eDNA analysis for zooplankton
can enhance the efficiency of monitoring and assessment when used for index calculation purposes.

In this study, to review methods for eDNA investigation and evaluation of zooplankton suitable for Korea's
lake ecosystems, samples were collected from six lakes using four methods (littoral site, central surface/
mid/bottom layer mixed, central full-depth net towing, and central full-depth individual alcohol extraction).
The zooplankton species detected by metabarcoding from eDNA samples collected using each method
were compared with those identified through microscopic analysis. Furthermore, zooplankton indices were
calculated based on the OTU read counts of each genus identified via metabarcoding.

The analysis revealed that, at the species level, eDNA-based analysis detected more species than
microscopic analysis across all sampling methods. The concordance rate between eDNA-based and
microscopic analysis results was very low. Additionally, when comparing community indices, the differences
among survey methods decreased compared to simple comparisons of species numbers and individual
counts. In conclusion, while eDNA analysis has limitations in species-level biomonitoring, it shows potential
for application in index-based assessments.
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Investigation of the fish fauna and introduction of Largemouth Bass
(Micropterus salmoides) in four rivers in Minamisanriku Town using
environmental DNA metabarcoding
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There are nine small streams in Minamisanriku Town, Miyagi Prefecture. In Hachiman River which flows
through the center of the town, a survey of the fish fauna has been conducted using hand net collection and
environmental DNA methods, but little is known about another river. In 2023, Largemouth Bass (Micropterus
salmoides) were caught for the first time from Isatomae river in the northern part of the town, indicating
the importance of understanding the fish fauna. So, in November 2023, we investigated fish fauna and
introduction of Largemouth Bass using environmental DNA metabarcoding in the Isatomae, Hachiman,
Mizusiri, and Mitobe Rivers that flow through the town. Water samples were collected at 1-4 site, selecting
downstream, midstream and upstream of each river respectively. As a result, 23 OTU were detected in the
Isatomae River, 6 OTU in the Hachiman River, 18 OTU in the Mizusiri River, and 20 OTU in the Mitobe River.
Largemouth Bass were detected at all sites in the Isatomae River, but not in the other rivers. Monitoring
and surveillance of fish fauna in other rivers in the town, including the Isatomae River, will continue to be
necessary.
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Study on the distribution of native and non-native bitterling fish in the
Okayama Plain
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In recent years, there has been a marked decline in biodiversity in freshwater ecosystems. In the habitat of the
Rhodeus atremius suigensis in Okayama Plain, invasion and hybridization by the domestic invasive species,
R. atremius, and the exotic invasive species, R. notatus, have become problems. There has been a decline in
the pure population of the R. atremius suigensis. However, visual identification of the three species is difficult
because of their similarity. Therefore, in this study, we conducted experiments using eDNA based multiplex
probe method, which can simultaneously detect multiple target species for the native R. atremius suigensis,
and the non-native species, R. atremius and R. notatus, and surveyed the distribution of the three species.
Water sampling was conducted in the Sunagawa and Yoshii-gawa Rivers and their surrounding waterways
in Okayama Plain to investigate the invasion front of non-native species. Furthermore, we will discuss
countermeasures to prevent the invasion of the non-native species into the habitat of the native species.

The 7th Annual Meeting (Tsukuba)



[P-33]

ENVIRONMENTAL DNA METABARCODING (eDNA) AS A TOOL FOR BIODIVER-
SITY MONITORING AND RESOURCE MANAGEMENT IN NAKAMA RIVER, IRIO-
MOTE ISLAND, OKINAWA, JAPAN
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Effective conservation relies not only on the community with strong sense of management but also on
timely baseline data availability. Environmental DNA (eDNA) has been increasingly used as a biodiversity
assessment tool that can provide fast, accurate and cost-effective data. Iriomote Island has been listed as a
UNESCO World Heritage Site due to its unique biodiversity, and 90% of the island is protected as a National
Park. Mangrove rivers are essential landscape shaping the unique nature of Iriomote Island, but no regular
fish census and monitoring have been conducted. We used eDNA metabarcoding by MiFish Primers to
identify fish biodiversity in Nakama River that fosters the largest mangrove area in Iriomote Island and highly
managed by local community. Water samples were collected in December 2023 and April 2024, and a total
of 237 fish OTUs in which 145 fish species, 115 genera and 52 family were annotated, including endangered
species (Anguilla japonica, Toxotes jaculatrix, Mesopristes argenteus, Stiphodon imperiorientis, etc), and
exotic/invasive species (Oreochromis sp.) were detected. Both samplings showed similar trends wherein
the peak number of species detected were at mid-river sites (mix mangroves and Brugiera gymnorhiza
dominated), followed by marine (river mouth and port), and fresh water (river head) recorded the fewest.
The study is successful in providing relevant and useful baseline data on fish biodiversity, particularly
reinforcing the need to protect and conserve the mangrove ecosystem in Nakama River due to its high
biovidersity. It also showed that eDNA metabarcoding can be used for future monitoring activities.
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Exploring Fish Biodiversity in Urauchi River Mangroves: An eDNA
Metabarcoding Study of Longest River in Okinawa, Japan
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Mangrove ecosystems play a crucial role in supporting fish biodiversity, particularly in tropical and subtropical
regions. This study investigates the ichthyofaunal diversity of the Urauchi River, the longest river in the Ryukyu
Archipelago, in Iriomote island listed as a UNESCO World Natural Heritage site. Urauchi river is recognized for
its complex ecosystems that harbor numerous endemic and endangered fish species. Despite its ecological
importance, comprehensive assessments of biodiversity in this river using advanced molecular techniques
have been limited. We conducted a study on fish biodiversity by sampling at ten locations along the river,
from the estuary to the waterfall, complemented by two tidal sampling points to examine variations in
community composition. Environmental DNA (eDNA) was collected using Sterivex filters, extracted using
Qiagen PWS protocols, and sequenced with MiFish primers on the Illlumina NovaSeq 6000 platform (PE150).
Data analysis was performed using the QIIME 2 pipeline to identify operational taxonomic units (OTUs). Our
findings identified 362 Molecular Operational Taxonomic Units (MOTUs) across 62 families and 188 genera,
including five species classified as Vulnerable(VU), one as Endangered(EN), and six as Critically Endangered(CR)
by the Ministry of the Environment in Japan. Species distribution varied significantly along the river gradient,
with higher OTU richness observed at the river mouth. Tidal sampling alone yielded 250 OTUs, with greater
detection during spring compared to neap tide, underscoring the ecological significance of mangrove
habitats. This research demonstrates the efficacy of eDNA metabarcoding as a rapid assessment tool for fish
biodiversity in complex riverine ecosystems.
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Development of a detection tool and distribution analyses for the nuisance
alien diatom Cymbella janischii
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Cymbella janischii is an alien diatom species that has recently invaded Japan. Its algal blooms raise concerns
about their impact on the ecosystem. In a previous study, we developed specific detection assays that
distinguish a single-base difference at the 3' end of the primer for C. janischii from benthic environmental
DNA. However, these assays are sometimes difficult to perform in river water samples with admixture
DNA and low target DNA. Hence, in this study, we developed an additional probe for an existing assay and
attempted to verify the accuracy of the probe-based detection and investigate the distribution in two river
systems, the Kase River and the Chikugo River systems. Reagent used were common ones, with UNG (Uracil-
DNA Glycosylase) system. This newly developed assay revealed improved specificity and sensitivity. Although
detection can be opportunistic if the abundance is very low, it showed positive correlations with microscopic
observation results. From monitoring and distribution analyses, we found that some rivers were less likely
to form colonies even after invasion, whereas others repeated the blooms when conditions were right, even
once they disappeared. Currently, C. janischii monitoring has been attempted using environmental DNA
archives with this detection assay, showing good results. This detection tool will help to understand the

ecology and the blooming factors of C. janischii.
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Estimation of environmental factors regulating the distribution of Setouchi
salamanders in abandoned farmland
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Agricultural ponds play an important role in preserving biodiversity by providing shelter for rare species.
In recent years, however, the aging of farmers and the lack of successors have led to the abandonment of
farmland, including ponds, which may result in the loss of rich biodiversity. Currently, it is not well understood
how abandoned farmland affects the distribution of small salamanders. The objective of this study was to
estimate the factors that determine the distribution of the small salamander species in abandoned fields.
The 11 ponds were surveyed once a month for one year using eDNA analysis to determine the presence or
absence of eDNA of Hynobius setouchi, and water quality parameters were measured. As a result, eDNA of
this species was detected in all ponds; however, the eDNA detection significantly decreased as the dissolved
oxygen concentration in the ponds decreased. This suggests that the survival of larvae of this species may
be negatively affected when the ponds are not managed due to abandonment of cultivation and the
concentration of dissolved oxygen is lowered.
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Distribution of channel catfish in the Seta River and its seasonal changes
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The channel catfish, designated as an invasive alien species, inhabits the Seta River, which flows out of
Lake Biwa, causing significant issues for the ecosystem and fisheries in surrounding water bodies. While
concerns are pointed out about its reproduction in the Seta River and downstream at the Amagase Dam,
available information is limited. Furthermore, the Seta Weir, which separates the Seta River and Lake Biwa, is
considered as the only physical barrier preventing the movement of the fish between the two habitats, so the
understanding of the distribution characteristics of this species both upstream and downstream of the weir is
crucial.

To clarify the distribution and seasonal dynamics of the species in the Seta River, an environmental DNA
(eDNA) survey was conducted 18 times from April to December 2023, at 27 locations from the southern part
of Lake Biwa to downstream of the Amagase Dam, with 1-2 surveys per month.

The results showed that channel catfish eDNA was ubiquitously and consistently detected downstream
of the weir, regardless of season or location, while the detection frequency was significantly lower upstream.
Therefore, controlling the population downstream of the weir, where the detection rate is higher, is deemed
crucial.
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A Study on the Seasonal Change of Basin-wide Fish Diversity Using
Environmental DNA
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In this study, we aimed to understand the seasonal change in fish diversity across river systems by conducting
environmental DNA (eDNA) survey in the Takatsu River and Takahashi River in the spring and fall of 2022.
Using eDNA quantitative metabarcoding, we measured the eDNA concentrations of multiple fish species
and calculated fish species richness, Simpson'’s diversity index, and a river health index based on biological
indicators. The results showed that the spatial distribution of species richness did not significantly differ
between the seasons, and the main channel of the Takahashi River had the highest species richness. In
contrast, Simpson’s diversity index significantly decreased in the downstream region of the Takatsu River from
spring to fall, suggesting that seasonal changes in fish diversity were not captured by species presence alone.
Additionally, the river health index was notably higher in the Takatsu River during spring, but lower across
the entire watershed in both rivers during fall. These findings demonstrate that comprehensive eDNA surveys
across broad spatial areas and multiple seasons can effectively capture seasonal changes in basin-wide fish
diversity.
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Estimate of Fish Fauna Under the Ice in Lake Akkeshi Using Environmental
DNA
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Few studies have examined the fish species that inhabit brackish lakes under the ice cover. In this study, we
conducted monthly environmental water sampling at eight sites in Lake Akkeshi, eastern Hokkaido, Japan,
from January to March 2021, to estimate the fish fauna during the ice-covered period using MiFish eDNA
metabarcoding analysis. As a result, we detected more than eighteen fish species during the ice-covered
period. In addition, the comparison with samples from the non-ice-covered period (July to December, 2020)
suggested different trends in fish species composition, including variations in species richness and relative
proportions compared to the ice-covered samples.
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Factors characterizing coastal fish communities in the Sanriku region
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In Japan, ecosystem in costal area is important for fisheries and other industries. Costal areas are connected
with rivers and offshore, then Fish community are formed through complex processes. The Sanriku region
is composed of many bays along the rias coast, which each bay are different in water flow amount and
other environmental factor. In this study, we conducted environmental DNA metabarcoding surveys at 54
sites in 18 bays in the Sanriku region, and investigate which factor detect each community’s composition.
First we revealed that the majority of species detected were rare species, which detected in less than 3 site
in one season. The results of community composition similarity for major species indicated that community
compositions were similar within bays and in nearby bays, suggesting that geological structure reflect
community compositions.
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An Annual trends of Environmental DNA quantity in algae bed.
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Algae contributes to fix CO2, and to count it, will be credit as blue carbon. However, in wide underwater
survey requires expensive deal and effort, thus aerial photographs and other methods are used together to
efficiently ensure the accuracy of the area (the accuracy of determining the presence or absence of algae beds
to be declare in the credit calculation). We investigated whether environmental DNA can be used to grasp the
actual state of algae as a simple and efficient survey method to supplement existing survey methods. Targets
are four representative species of algae at the Osaka Bay Phoenix Center landfill site: Sargassum filicinum,
Sargassum muticum, Undaria pinnatifida, and Gelidium elegans. The survey sites are each 40 respectively
upon KOBE and OSAKA landfill sites. And at SUMA beach in tow algae beds, we survey environment DNA
quantity around year becouse appearance of algae varies greatly during their life cycle. As a result, at
landfill site, Gelidium elegans and Sargassum muticum had no significant discrepancy was found between
distribution of the environmental DNA quantity and underwater survey. At Suma Beach, the optimal season to
gusher environmental DNA sample for each algae species was identified.
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Distribution Survey of the Invasive alien Species Limnoperna fortunei
Using Environmental DNA and Evaluation of eDNA Concentration
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The distribution of Limnoperna fortunei, the invasive alien species, has rapidly expanded in Lake Kasumigaura
and to the other river systems through agricultural irrigation channels since the 2010s causing several
environmental damages. Environmental DNA (eDNA) is expected to be an effective indicator for the early
detection of such expansion. In this study, we examined correlations among eDNA concentration in and
around the Lake Kasumigaura surveyed with the use of species-specific primers for Limnoperna fortunei, the
number of floating larvae, and the parents’ population density.The results showed that using eDNA makes it
feasible to detect the presence of Limnoperna fortunei at a highly sensitive level. However, it was also found
that eDNA concentration does not directly correlate with the population density of Limnoperna fortunei,
showing the significant variability. Additionally, some areas of the lakeshores or rivers were identified as
having both at a low level, population density and eDNA concentration. Therefore, it is implied that selecting
these areas as water sources leads to mitigate the damages by Limnoperna fortunei when it comes to the
water use of Lake Kasumigaura.
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Elucidating the spatiotemporal distribution dynamics of black bass species
in Lake Biwa
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Black bass species, a freshwater fish native to North America, have been introduced to many areas of the
world, greatly affecting local native species through predation and competition. In Japan, the largemouth
bass, introduced in 1925, has become established throughout the country, but in recent years, the rapid
expansion of the distribution of Florida bass and smallmouth bass has become a serious problem. In this study,
we aim to elucidate the distribution of these black bass species at multiple sites in Lake Biwa by quantifying
their eDNA and haplotyping their mitochondrial D-loop regions. For Florida bass, a new species-specific
assay was developed. Haplotype analysis was conducted using primers previously reported. Three seasons
of sampling were conducted at 21 sites in Lake Biwa to elucidate spatiotemporal distribution dynamics by
comparing with past same-site and season samples. From these results, we will discuss methods that will be
useful for future control of black bass species in Lake Biwa and for measuring the effectiveness of measures.
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HydroGen: Integration of DNA-based assessment tools into water quality
and biodiversity monitoring with a focus on invertebrates and microbes
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Traditional monitoring surveys often face challenges due to difficulties in species identification, low detection
probabilities, and invasive methods. This research aims to assess the potential of DNA-based methods to
complement and enhance traditional monitoring for the European Water Framework Directive across various
biological quality elements and regulatory targets. This is one of two PhDs within the EPA-funded HydroGen
project, which monitors 40 freshwater sites across Ireland with seasonal and annual sampling to assess
species distributions. This study focuses on two critical groups: invertebrates and microbial communities, both
essential to ecosystem health. Invertebrates play key roles in nutrient cycling, habitat formation, and food
webs, besides being used as bioindicators of water quality. Microbial communities, while crucial for a number
of reasons, are still rarely used in biomonitoring. DNA-based methods, such as metabarcoding, promise to
offer scalable and accurate results for biodiversity evaluation. This study is guided by four hypotheses, testing
whether eDNA reveals greater species richness, investigating if it can support water quality assessments,
exploring if it correctly identifies human and animal contributions to microbial composition (MST), and
evaluating if it outperforms traditional methods in terms of efficiency and cost. The scope of the project is to
compare traditional and genetic approaches, while also developing new DNA-based metrics and generating
novel data on Irish species. This approach offers an opportunity to expand the scale and frequency of current
monitoring efforts, supporting regulatory bodies and progressing the understanding of species diversity and
distribution in Irish waters.
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Assessment of the Spatial Impact of Coastal Aquaculture on Fish Communi-
ties Using Environmental DNA
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Coastal aquaculture is known to have various impacts on surrounding marine ecosystems, yet large-scale
and multi-site comparisons remain insufficient. In this study, we analyzed fish communities at 552 coastal
sites in Japan using environmental DNA metabarcoding to spatially assess the effects of aquaculture on fish
communities. We classified aquaculture types based on the feeding and applied a generalized additive model
for analysis. The results confirmed that aquaculture affects species diversity in specific habitats. This study
provides insights that contribute to broad-scale ecosystem management and the development of guidelines
for sustainable aquaculture.
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Provision of Fish Species Information Based on Comprehensive Environ-
mental DNA Analysis in Rivers and Its Application to Water Environment
and Biodiversity Conservation
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In Saitama Prefecture, river water quality, evaluated mainly form BOD, has improved, and the preservation
and restoration of biodiversity, including fish species, has become increasingly important theme. To this end,
we have been working on the introduction of environmental DNA (eDNA) analysis as a promising method
for obtaining detailed information on the habitats of aquatic organisms in rivers and other water bodies.
Focusing on survey points in rivers monitored under the Water Quality Continuous Monitoring Program
in Public Waters, we conducted comprehensive eDNA analysis of fish species. The results have been made
publicly available by the Water Environment Division as the "Saitama Prefecture River Fish Environmental
DNA Map." This map allows users to output two types of information: detected fish species at each location
and locations where specific fish species’ DNA has been detected. Through outreach lectures, environmental
education, and various events, we aim to increase public interest in water environments and aquatic
organisms by introducing eDNA biological survey techniques and the “eDNA map”. As a result, more requests
for fish surveys using eDNA analysis have been received from river conservation groups conducting biological
surveys. We will continue to widely promote the technology and its findings in the future.
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Investigation of a method for surveying terrestrial and aquatic organisms
using environmental DNA from terrestrial waterside samples
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Methods for surveying terrestrial and aquatic organisms using environmental DNA metabarcoding analysis
of samples from terrestrial water bodies were examined. This study used environmental samples of water
from rivers and ponds, as well as bottom sediment (soil) at the water sampling points. Metabarcoding analysis
using the MiFish, MiBird, and MiMammal primers for each sample revealed that the total number of species
detected was highest for the organism group targeted by each primer, whereas several nontarget species
were also identified. Species that were visually observed during the survey and frequently captured by camera
traps had higher DNA detection rates, regardless of the environmental sample medium. At the presentation,
findings from different sample conditions and sampling situations will also be presented. This research was
partially supported by Health, Labour and Welfare Policy Research Grants 21HA2006 and JSPS KAKENHI Grant
Number JP22K04390.
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Estimation of distribution factors of Opisthorchis viverrini, in Savannakhet
province, Lao PDR
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Opisthorchiasis, caused by Opisthorchis viverrini, is endemic in Southeast Asian countries and is a major
health problem because infection increases the risk of cholangiocarcinoma. However, the complex life cycle
of O. viverrini, with multiple intermediate hosts, makes it difficult to rapidly monitor the risk of infection
using conventional methods. Therefore, as a first step towards developing a risk assessment method, we
conducted field surveys detect and quantify eDNA of the parasite from environmental water. The study was
conducted in Savannakhet Province, Lao PDR, and used the previously developed multi-gene assay to detect
environmental DNA of the O. viverrini. In particular, the study focused on areas with high human infection
rates and compared the human infection rate with the O. viverrini detection rate. The aim of this study is also
to establish detection systems for eDNA in shellfish and fish, which are first and second intermediate hosts,
respectively. Based on these results, the distribution of O. viverrini will be considered from an ecological
perspective and the factors that determine the distribution of O. viverrinis will be discussed.
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Development of detection assay for Schistosoma mekongi eDNA and its
application in the field
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Schistosomiasis is listed as one of the “Neglected Tropical Diseases (NTDs)” and its economic and health
consequences are of worldwide concern. Human transmission occurs through contact with water infested
with larval forms (cercariae). We aim to examine the habitats of Schistosoma mekongi using eDNA assay
and to identify highly infected areas. First, to improve the detection sensitivity of eDNA in tropical surveys,
we compared the filtration systems including the gravity filtration which does not require electronic power.
In addition, we examined the optimum way for store samples in our field, where it is sometimes difficult to
secure stable power supply. Then, a multi-gene assay was developed and checked its detection sensitivity.
Next, to detect S. mekongi DNA in the field, we examined tank experiments, and we subsequently applied the
assay to an endemic area in Laos.
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Benthos surveys in coastal waters using environmental DNA metabarcoding.
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Environmental DNA surveys have mainly focused on fish, but it is essential to study many other taxonomic
groups to understand ecosystems. Benthos (benthic organisms) are often the focus of ecological surveys,
particularly in coastal waters, and the benthos surveyed include many taxonomic groups. Therefore, in
order to use environmental DNA in benthos surveys, it is necessary to cover many taxonomic groups
comprehensively. Although survey coverage has expanded in recent years to include taxa other than fish,
there are few examples of environmental DNA surveys covering multiple taxa, including benthos. In this study,
an environmental DNA survey was conducted on mudflats and rocky reefs near seagrass beds, targeting
five taxonomic groups that are the main focus of benthos surveys in coastal waters: molluscs (bivalvia,
gastropods), crustaceans, annelids, echinoderms and cnidarians. In addition, a field sampling of benthos was
carried out and compared with the results of the environmental DNA survey in order to test the accuracy of
the environmental DNA survey for each taxonomic group.
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Fundamental study on the development of a method for environmental
DNA survey of insects in stagnant water area
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Highly accurate environmental DNA surveys of insects in flowing water areas such as rivers are being
developed, but not yet in stillwater areas such as ponds. Therefore, in order to sort out the issues involved
in environmental DNA analysis in stillwater areas using MtInsects-16S, the influence of the DNA extraction
method on the results was examined. The results showed that insects were poorly detected by the commonly
used environmental DNA society method, and that the newly developed method increased the number of
species detected. On the other hand, a new issue was the low percentage of Insecta reads to total reads, and
the number of reads from non-target groups such as Naked Throat, Shellworm and Gilled Legs was prioritised
at many sites. The results show the importance of DNA extraction methods and the need to develop highly
specific analytical methods for environmental DNA surveys.
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Aquatic-terrestrial species detection using environmental DNA from turbid
water during heavy rainfall events
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eDNA analysis has been applied to monitor aquatic and terrestrial species. However, eDNA of the species with
a small abundance or less contact with water bodies is barely detected and may cause a false negative result.
To address this issue, sampling that includes eDNA materials transported from terrestrial realms via surface
runoff would be promising. Here we sampled stormwater during different heavy rain events to simultaneously
detect aquatic species as well as terrestrial species that do not frequently contact aquatic realms. Samples
were obtained at the three rivers with different landuse, the Mizunashi, Oka, and Tagami Rivers in May, Sep,
Nov 2022, Jun 2023 (12 samples in total). In addition, we also sampled stream water on a normal day without
antecedent rainfall events. Following sampling, the filter GF/F and DNeasy PowerSoil Kit was used for DNA
extraction, which yields higher eDNA recovery for turbid water. We applied DNA metabarcoding to identify
the vertebrate species by amplifying ~100bp using slightly modified universal vertebrate primers 12SV5. As
a result, in the Mizunashi River, compared with the detection of 5 vertebrate species on a normal day, 12, 8,
and 7 species were detected from rain events. In the Tagami River, 5 vertebrate species were detected on a
normal day; 17, 8, and 11 species were detected from rain events. In the Oka River, 13 vertebrate species were
detected on a normal day; 16 and 8 species were detected from rain events, with one sample showing no
detection of any species.
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Utilization of Environmental DNA (eDNA) for the Detection of Freshwater
Bivalves in the Nakdong River Mainstream
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Freshwater bivalves inhabit the substrates of water bodies and have limited migration, making it challenging
to identify individuals through quantitative sampling. Environmental DNA (eDNA), consisting of genetic
material released by organisms, enables species detection without direct observation. This study aimed to
validate a bivalve-specific mini-barcode primer for metabarcoding and investigate freshwater bivalves, including
Cristaria plicata (an endangered species in Korea), in the Nakdong River using eDNA. Four sampling sites
were selected, including one where Cristaria plicata was confirmed within the past five years. Water samples
were collected from riversides and central areas at different depths using a Van Dorn sampler. To test the primer,
eDNA was collected from two control sites in Gunsan and Cheongju. The eDNA was filtered, extracted, and
analyzed using lllumina MiSeq. Bivalve DNA was amplified from both control sites, with Cristaria plicata
detected only at the positive control site. In the Nakdong River, bivalve DNA from five species, including
Cristaria plicata, was detected at two sites. The majority of bivalve DNA belonged to Anodonta woodiana,
and at one site, the proportion of Cristaria plicata DNA was higher than Corbicula leana. Thus, eDNA is an
effective tool for detecting freshwater bivalves and can help identify habitats of the endangered Cristaria
plicata.
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Environmental DNA for fish communities from deep-sea waters
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Deep-sea fish surveys in the ocean are currently conducted using trawls and video cameras, but the survey
costs are high and require advanced identification skills. Currently, environmental DNA metabarcoding for
fish is rapidly spreading in society as a non-invasive and simple method. However, although research is being
conducted on environmental DNA surveys deeper than the mesopelagic zone of the ocean, there is a lack of
knowledge. Furthermore, when sampling water from the mesopelagic zone or deeper, there are limitations to
the tools that can be used, and in many cases only small amounts of water can be collected at one time. In this
study, we performed environmental DNA metabarcoding of fish using seawater samples (5-20 L) collected at
depths of 0.5-756 m and examined the effects of filtration volume and repeated water sampling.
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Potential for assessment of mammalian and avian fauna in watershed
focusing on rainfall-runoff of environmental DNA
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Rainwater flows over a wide area of river basin, washing away aboveground vegetation and the ground
surface, and eventually running off into rivers. In this process, river water during rainfall can encompass the
environmental DNA (eDNA) of organisms inhabiting the watershed. Therefore, the aim of this study was to
evaluate the mammalian and avian fauna of a watershed area by analyzing the eDNA in river water during
rainfall events. River water samples were collected from the Saba River, a first-class river in the Chugoku region,
and the mammalian and avian fauna were estimated by metabarcoding using MiMammal and MiBird primers.
Sampling was conducted three times: once before the rainfall (on Aug. 27th) and twice during the rainfall
(on Aug. 29th and Aug. 30th). As a result, 18 species of mammals and 28 species of birds were detected.
Species richness was higher during the rainfall (13 mammal species and 15 bird species on Aug. 29th, and 15
mammal species and 16 bird species on Aug. 30th) compared to before the rainfall (8 mammal species and
10 bird species). These findings suggest that eDNA analysis of river water during rainfall can provide a more
comprehensive understanding of habitat conditions. The presentation will also include a comparison with the
results of passive samplers using sea sponges as adsorption material.
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Detection of High-Resolution Temporal Variation Patterns in Fish
Populations and Communities through Environmental DNA Metabarcoding
Surveys
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Environmental DNA (eDNA) is a widely used method to estimate efficiently species distribution and biomass.
However, it remains uncertain whether eDNA can effectively capture short-term temporal biological shifts.
Due to this reason, there are limited applications in studies requiring high temporal resolution, such as those
focused on activity rhythms of organisms and shifts in community structure on hourly timescales. In this study,
we investigated the feasibility of (i) detecting shifts in community structure at high temporal resolution and
(ii) estimating species-specific circadian and tidal activity rhythms using high-frequency eDNA metabarcoding
surveys conducted every two hours at two coastal sites. Our results showed that the amount of eDNA might
be able to sensitively reflect a shift in community structure between daytime and nighttime, and successfully
estimate species-specific circadian and tidal rhythms. Furthermore, distinct activity rhythms were observed
across species, with the same species demonstrating similar rhythms even at different locations. These results
suggest that eDNA is a potential tool for monitoring species-specific activity rhythms and could facilitate
multi-species studies of biological activity patterns with high temporal resolution in the field.

The 7th Annual Meeting (Tsukuba)



[P-57]
IRIEDNA A2 N\——FT 4 V7 Z2BVWEEOE_-_2) JIc@lIT : &
EEFENGEI-N—V TSI —DRH

Towards monitoring cetaceans using environmental DNA metabarcoding:
Development of cetacean-specific universal primers

A, BEEE’ ME—ER’ £ Et°, KiseroRobinson', PortorLindsay®, MatraiEszter?,

= IEfE

Masayuki Ushio', Sachie Ozawa’, Shin-ichiro Oka’, Tetsuya Sado’, Robinson Kisero', Lindsay Portor®,
Eszter Matrai®, Masaki Miya’

1. EBREARE, 2 8 SBYE, 3. TERIFREE, 4 58 8F,E, 5 SEAMAR

1. Hong Kong Univ. of Sci. Tech., 2.0Okinawa Churashima Foundation, 3. Nat. History Museum and Institute, Chiba,
4. Ocean Park Hong Kong, 5.SEAMAR

RAIIEFERRICBVWTERBRE L L CERRPBEOFIMEICERRREZEoTV S, LHL, &<
DEFFERFEIZIABEC K D TKREGEDREZRITTEY, TO®, HEDREZBENE LICERED
DHERGERBERATENRO SN TN S, KRHETIE, REDNAZRAWTEHREZMNENICE=Z2)>TT
BIcODFERREZT Ol &, RET—EZRN—XAH5 75 BOHBES LOEBED= 3> K 7ES
ERERISL, TNOICEDWCAZN-TIVTZAI—DIEmHES - BEZRELT, TDER, Thoh
TRIBODIBIR IR DIBIEEY DIEH R R Z A B ETHE L, SREHOTS/I—Z 4ty MURYRAA
2o 51T, TN 4T 54—ty bZRWTEERICHEBIER DNA DIBIET X bbiTofc, REINS
DT SAI—CTENTVTIVDORZEESTEY, TNSORBRICEDVTIREDNA ZHVWEEE -2
1) > 7 DREIREEIC DV TEERT 5.

Cetaceans are key players in marine ecosystem dynamics as top predators that regulate community
dynamics. However, many cetacean populations are endangered by human activities, and thus, cetacean
conservation efforts are urgently required. Effective cetacean conservation relies on accurate and frequent
monitoring of cetacean occurrence and habitat use. Environmental DNA (eDNA), which is broadly defined
as DNA that is directly extracted from environmental samples such as water samples, provides a promising
method to effectively monitor cetacean populations in marine ecosystems. In this study, we aim to develop
new, cetacean-specific universal primers to detect cetacean eDNA effectively because existing primers often
amplify non-cetacean eDNA and may mask cetacean eDNA. First, we collected full-length mitochondrial DNA
sequences from 75 cetacean species and identified possible primer regions in the 12S, 16S, and NAD3 regions.
Second, we performed in silico evaluation of the candidate primers and identified four candidate primer sets
that are highly specific to cetaceans and whose amplified products possess sufficient variations to distinguish
most closely related cetacean species. Third, we performed in vitro evaluation and found that the four primer
sets can amplify tissue-extracted cetacean DNAs. We are now applying the newly developed primers to
aquarium and natural samples. We will discuss how the developed primers can contribute to the conservation
of local cetacean species in Hong Kong, such as Chinese White Dolphins and Finless Porpoises.
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Calculation of Diatom Pollution Indicator Values for Aquatic Ecosystem
Health Assessment Based on Biofilm eDNA.
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The Trophic Diatom Index (TDI) is a biological water quality assessment tool that uses the sensitivity of benthic
diatoms to dissolved inorganic phosphorus (PO*-P). In Korea, it is applied to assess aquatic ecosystem health.
Traditional TDI analysis relies on identifying and counting attached diatoms via microscopy, which is time-
consuming and prone to uncertainty due to diatom morphological variations and analyst expertise. eDNA
metabarcoding offers an alternative, overcoming these limitations. This study analyzed diatom community
structure using eDNA extracted from biofilm attached to river stones, evaluating TDI based on the results.
Biofilm was collected at 210 sites across Korea's four major river basins, and DNA was extracted and analyzed
via NGS, targeting the rbcL gene. A total of 43 genera and 220 species of diatoms were identified, with genera
like Achnanthes, Navicula, Nitzschia, and Fragillaria being most common. The number of diatom species
detected through eDNA was similar to that found using microscopy, though some sites revealed more species
with the latter. The match rate between eDNA-based and microscopy-based communities was around 40%.
However, eDNA-based health assessments showed strong correlations with TP and PO*-P concentrations
(r>-0.5, p<0.001~0.01). TDI values decreased as PO*-P concentrations increased. Thus, eDNA-based
diatom health assessments accurately reflect water quality changes, making biofilm eDNA a valuable tool for
such evaluations.
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The alteration of soil microbiome by invasive plants thorough plants specific
metabolites
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Invasive plants modify soil microbial communities through root-secreted plants specific metabolites, but the
mechanisms and impacts are poorly understood. In this study, we focused on coral ardisia (Ardisia crenata),
which is native to East Asia and an invasive plant in the USA. We used LC/MS, DNA amplicon sequencing and
a method of “rhizosphere modelling” to determine (1) whether or not saponins are secreted from the roots
A. crenata, and (2) the impact of saponins from A. crenata on the soil microbial community. LC/MS analysis
showed that two saponins were detected both within the roots and in the rhizosphere soil of A. crenata.
Furthermore, “rhizosphere modelling” showed that these two saponins altered the structure of the soil
bacterial community. Phenylobacterium and Novosphingobium were characteristic of saponin-added soils,
with increased relative abundance under high concentration of saponin treatment. The results of this study
demonstrate that secondary metabolites from exotic species can influence rhizosphere microbiome through
the accumulation of specific bacterial taxa.
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Hybridization and mitochondrial introgression of two Rhinogobius species
in Shakotan Peninsula, Hokkaido
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Within Rhinogobius, interspecific hybridization and mitochondrial introgression on mainland Japan have been
reported and these reports suggest changes in the population’s genetic structure and the potential extinction
of rare species due to hybridization. In this study, to understand environmental conditions that contribute to
interspecific hybridization, capture surveys and environmental DNA sampling were conducted in 12 rivers on
the Shakotan Peninsula in Hokkaido, Japan, where overlap in the distributions of R. mizunoi and R. sp. OR has
been previously reported. Analysis of mtDNA and nuclear DNA markers of collected individuals revealed 16
hybrid individuals and 126 individuals with R. sp. OR mitochondrial genes introgressed into R. mizunoi out
of 314 individuals. These results suggest that hybridization has occurred continuously to the present. In this
presentation, we will report the results of environmental DNA analysis, which estimates the in-stream spatial
distribution of Rhinogobius and discuss the effect of stream-crossing structures on hybridization.
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Enhanced coastal monitoring through eDNA metabarcoding with updated
functional harmful species database
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Coastal environments are increasingly threatened by harmful biota in mariculture and coastal areas, posing
significant economic and public health risks through disease outbreaks and harmful algal blooms. Continuous
monitoring is essential for effective coastal ecosystem management. Environmental DNA (eDNA) presents a
promising biomonitoring tool for the detection of harmful agents such as bacterial pathogens, bloom-forming
phytoplankton, and micro-eukaryotic protists. Effective screening for these harmful agents is crucial for
identifying underlying risks to ecosystem biosecurity and is fundamental for translating extensive biological
monitoring data into actionable risk assessments. This study outlines our ongoing efforts to enhance eDNA
biomonitoring by developing accessible, functional databases with updated taxonomy for over 650 algae and
bacterial pathogens harmful to various aquatic organisms, humans, and the environment. By implementing
comprehensive screening protocols, we enable eDNA biomonitoring data to accurately characterize regional
profiles of harmful biota and identify atypical spatiotemporal occurrences of pathogens like Vibrio and
dinoflagellates such as Karlodinium. These occurrences, often linked to human activities and nutrient loads,
may have been previously overlooked. Our study provides valuable insights for predicting and mitigating
harmful events, thereby contributing to improved coastal ecosystem management.
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Diversity of bacterial communities and occurrence of Legionella pneumo-
phila in three water treatment plants
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The frequency of pathogenic bacteria that threaten the safety of drinking water has been increasing due to
climate change. Rising temperatures have been shown to promote the growth of pathogenic bacteria like
Legionella and Mycobacterium, leading to a higher incidence of infections. This study aims to ensure the
safety of drinking water by proactively monitoring pathogenic bacteria such as Legionella in water treatment
systems. Raw water, sedimentation water, filtered water, backwash water, treated water, and tap water
were collected from three different water treatment plants (WTP) in February and August 2024. 16S rRNA
amplicon sequencing was performed using the lon Torrent PGM platform with the 16S lon Metagenomics
Kit. The results showed that the microbial diversity was highest in raw water, and no similarity in community
structure was observed between the other sampling points. Proteobacteria accounted for more than 40% of
the microbial composition across all samples, while Bacteroidota represented more than 15% in raw water but
less than 10% in other samples. The L. pneumophila gene was detected in the process water of two WTP and
tap water of one WTP, but it did not grow in cultures using buffered charcoal yeast extract (BCYE) agar. These
results suggest that the detected L. pneumophila DNA may originate from inactivated bacteria during the
water purification process. Although pathogenic bacteria like Legionella are being treated through the water
treatment process, continuous monitoring is required due to the persistent detection of their DNA to ensure
the safety of drinking water.
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Searching atmospheric debris for human mitochondrial sequence polymor-
phisms
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In the metabarcoding analysis of atmospheric environmental DNA (eDNAir) in mammals, the majority of
sequences detected are of human origin. We presented the results of wildlife detection using eDNAir and
eRNAir metabarcoding analyses at this conference last year and reported more than 100,000 human-derived
sequences in both analyses. These are considered to be contaminant sequences in the analysis and are
mechanically removed at the analysis stage. However, despite the large number of human-derived sequences
detected in the atmosphere, there have been no reports of studies focusing on these sequences. Based on the
hypothesis that polymorphisms in human mitochondrial sequences can be detected in the atmosphere, we
re-analysed the data for human mitochondrial sequences. The results showed a high degree of reproducibility
in detecting sequences that could be considered haplotypes of the researcher, as well as many haplotypes
other than that of the researcher. It is suggested that the presence of the researcher and local residents in
the vicinity of the study site contributed to this result, and further application of this method to forensic
examinations is also expected.
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Potential use of eDNA analysis techniques for zooplankton diversity
research: A focus on freshwater copepod species
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Zooplankton are ubiquitous in aquatic ecosystems, but they have species-specific responses to environmental
conditions, resulting in diverse community compositions depending on the habitat's geographical conditions,
scale, food availability, and water quality. These occurrence characteristics have formed the foundation
for studies of zooplankton index aimed at aquatic ecosystem environmental assessments, where high-
resolution identification (species-level) of zooplankton has been required in the process. Additionally, because
zooplankton species composing of the community have different feeding characteristics, their diversity can
influence matter cycling and energy flow within aquatic food webs. In the case of copepods (crustacean), their
morphological similarity across species compared to other zooplankton taxa requires a high level of expertise
for accurate species identification using traditional methods (microscopic enumeration), raising concerns
about the potential underestimation of copepod diversity in community analyses. Therefore, in this study, the
availability of eDNA analysis techniques were examined as a method to complement the results of copepod
species identification under a microscope. The results of copepod community analysis obtained through
traditional survey and identification methods were compared with those from eDNA analysis for six lakes in
Korea. Based on these comparisons, we aimed to identify issues and propose solutions that arise when using
eDNA analysis techniques to supplement traditional zooplankton diversity assessments.
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Effects of eDNA production depending on population structure and water
temperature on the performance of abundance estimation based on eDNA
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Precise estimation of organism abundance based on eDNA is still difficult. Recently, the metabolic theory of
ecology has suggested the importance of the dependence of eDNA production on population structure and
water temperature, albeit it is not well understood how these factors affect the relationship between eDNA
concentration and organism abundance. This study used numerical simulations to assess how the eDNA-
abundance relationship varies with population structure and water temperature. The results showed that R’
values in the relationship were underestimated by increasing variation in body size within the population, but
this trend was not confirmed by using allometrically scaled mass. In addition, water temperature positively
affected both the R’ values and regression slopes, but the temperature-dependency of the slopes greatly
differed depending on the scenarios of eDNA production. This study provides new insights into explaining
the uncertainty inherent in the eDNA-abundance relationship and indicates the importance of incorporating
environmental parameters and physiological conditions into a framework for abundance estimation.
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Eukaryotic variation of the Eastern Red Sea across 5000 years using
sedaDNA
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The Red Sea holds one of the most diverse marine ecosystems worldwide, with it presenting an opportunity of
acting as a “natural laboratory” for evaluating its unique warm conditions across the water column and natural
gradients of temperature, salinity and turbidity from north to south. However, little information is known
about the history of its biodiversity and how it has responded to both anthropogenic and natural influences.
Sedimentary ancient DNA (sedaDNA) is a valuable tool for reconstructing past biodiversity and allows a
comparison of the ecological communities through time. We sampled 7 sediment cores across three unique
zones of the Red Sea from 700 to 2200 meters in depth, sliced them, and performed sedDNA sequencing with
two universal metabarcoding primers for a total of 175 samples. We coupled this with C-14 dating to perform
geochronology and assign a time to each sample to then determine how eukaryotic communities have
changed over time. Our results cover communities from the 30, century BC. to 2010 AD, spanning important
Holocene climatic events and various human developments. The reconstructed communities present a
presumably stable ecosystem with high diversity and with low community turnover of taxa over time. We
find the North, Central and South Red Sea to present uniquely different communities dominated by different
taxa. Using Generalized Additive Models, we examine the effect of sea level rise and temperature over these
communities. Overall, these results demonstrate the potential for sedaDNA coupled with geochronologies to
improve the understanding of the Red Sea as a system.
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Optimization of the DNA metabarcoding method for sedimentary ancient
genome analysis
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Ancient sediments contain trace amounts of highly fragmented DNA from past plants, animals, and humans.
In Europe and the United States, ancient environmental reconstructions and evidence of archaic Hominins
have been reported through the analysis of cave sediments using next-generation sequencing (NGS).
However, in Japan, where the warm and humid climate combined with its volcanic nature creates poor
conditions for DNA preservation, such studies are extremely limited. To explore the potential of sedimental
ancient genome analysis in these challenging environments, we applied a DNA metabarcoding approach to
sedimental samples from four archaeological sites dating from the Upper Paleolithic to the Incipient Jomon
period, located in Hokkaido, Iwate, and Kagoshima prefectures. DNA was extracted from these soil samples
and PCR-amplified using primers targeting a portion of the chloroplast trn L gene intron. We examined
the amplification efficiency in relation to external environmental factors such as soil pH, precipitation, and
temperature. Additionally, the PCR products were analyzed with NGS to identify plant species, and the
plausibility of the results was evaluated in relation to the local environments of the archaeological sites.
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An inference of seasonal change of fish diversity in Yaizu, Shizuoka prefec-
ture based on fishing debris and environmental DNA metabarcoding
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In recent years, global warming has caused the temperature of seawater to rise. As a result, the fish diversity
of various areas has been drastically changing, and many cases have been reported in which fish that
are supposed to be found in particular areas are sighted in other areas. In this study, environmental DNA
metabarcoding analysis was conducted to determine the state of fish diversity at Ishizuhama beach in Yaizu
City, Shizuoka Prefecture, Japan, throughout the year. In addition, we conducted a questionnaire survey on
the types of fish targeted, the types of fish actually caught, and the time of year, and analyzed lures collected
during underwater cleanups to examine the correlation between angler trends and changes in the fish
diversity. The results of the environmental DNA analysis did not reveal any significant changes in the fish
diversity. The results of the questionnaire indicated that anglers are aware of changes in the environment
and use SNS information to understand the timing and location of fish that can be caught. The results of the
analysis of anglers' target fish, the lures they use, and the lures collected were generally consistent, suggesting
that it is possible to predict anglers' trends based on the lures collected.



[PS-05]
IRET DNA [T K B aEE g0 || DBIAERE

Investigation of the fish fauna of rivers in the Noto area using environmental
DNA
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Conservation of the Japanese pond turtle (Mauremys japonica), and the
use of eDNA

EBEDNI A, EKEE, EKAIE, FEBER @B IWMRER BKEEL WHBZHD’

1. #HRLFZFaEFR, 2. #RILFLFHER

AR T, HETERDKKH ARE &M REIETE Near Threatened THZHAXEBRED RV AV H
X Mauremys japonica DIREEN%Z, [BHFHILZAEEIOKEE (2023 F5 AEFRRKT) ICTHARE,
2011 L5172 TCWB, ZLTHEKA A EBEME LT, HIBDA NV M RBEAREEDOENSIRIEDMERFIC
B9 24> MMcBmL, BREFSZT>CE

FeZ AT LT, MEMIEREDORAZER T, ZR VAV HADGENEEZE 2012 EH517>TWV 3,
BIKHAADEEDEEIIBEXITHE LT NEbHO SO >Teh, BRIEDNA ICKZAEDF ALY,
4 2EAEDHIRE L TV 2 EEE DM TERE DNA OREDOREZHAEL T\ 5, KFICEENSIRE DNA
DI, KETIIREZ SF=DT, FllTHDELSDREEFITL TS,

Since 2011, our school has been working with the former Kobe City Suma aquarium (close in May 2023)
to conduct surveys of freshwater turtles in Kobe City and conservation activities for Japanese pond turtle
(Mauremys japonica), Near-Threatened species endemic to Japan. We have also participated in local events
and events organized by local governments to maintain biodiversity, using freshwater turtles as a subject of
awareness-raising activities.

In parallel with this, with the cooperation of Kobe City Sorakuen, we have been breeding Japanese pond
turtles outside of their habitat since 2012.

The presence or absence of freshwater turtles could only be determined by sight or capture, but now that
we have learned survey methods using eDNA, we are investigating whether it is possible to detect eDNA in
the ponds of Sorakuen, where the population of turtles is known. Since it was difficult to detect eDNA in the
water during the winter, we are now trying to detect it from the mud in the pond.
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A study to investigate the fauna of Atsubetsu Minami Forest Park
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Survey of Rhodeus ocellatus ocellatus invasion in Rhodeus ocellatus
kurumeus conservation pond
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