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Development of PCR primers for environmental DNA metabarcoding of
Mollusca (Gastropods and Bivalves)
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The phylum Mollusca is the second largest group of animals after the phylum Arthropoda, and is adapted
to a wide variety of environments on the earth, including marine, freshwater, and terrestrial areas.
Gastropods and bivalves, the so-called "shellfish," include many commercially valuable species and are
known as major components of marine and freshwater ecosystems. In this study, we developed a pair of
PCR primers for eDNA metabarcoding of gastropods and bivalves to non-invasively monitor shellfish
biodiversity. After downloading the sequences of major aquatic invertebrates from NCBI database, these
primers were designed on the 28S rRNA gene region of nuclear DNA. The shellfish-specific detection
performance of these primers was evaluated using DNA mixtures extracted from the tissues of shellfish
and other major taxa, as well as eDNA extracts sampled from freshwater areas.
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An environmental DNA metabarcoding method for Odonata species
detection
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Environmental DNA (eDNA) metabarcoding would be useful for biodiversity monitoring in Japanese paddy
fields which have an important conservation function as alternative wetlands. The species diversity of
Odonata is very sensitive to pesticide chemicals and agricultural practices, so that suitable taxa for
evaluation of conservational effect in paddy fields. In addition, Odonata diversity can appeal to customers
because Japanese citizens are generally familiar with Odonata species. In this study, we developed an
eDNA metabarcoding method to detect all Japanese Odonata species and evaluated the method using
eDNA samples collected in paddy fields, rivers and ponds. As a result, the method can detect many
Odonata species including almost all species we observed at sampling sites. In each NGS run, the
frequency of sequencing reads from Odonata species was more than 90% for paddy and pond samples.
On the other hand, there were many sequencing reads of mayflies and stoneflies in river samples, and the
frequency of Odonata was ~10%.
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Save! Aphelocheirus nawai!
-Habitat survey with environmental DNA analysis-

*BE kg
*Tomoharu Hino'

1. ZO0FRAPEREFIR

1. Junshin high school

KEBRD N FRTY LAVISHREIEZBICEESNTEYREIEHETH S, EREDTRTILVIE
2ENICERLTWVWEN, NIRTILVIZEREBIIBBETCETCHEOTRELBETH S, KHERTIE NS
FRTY L DEBBOMRB A BEICKREDNADHTRDERE 21T o7z NTFTRTILDEFRTILID
mtDNA16stBI A > — 4 VoV I LIz ET. NFFIRTYLVICEHENLTSAv—%%REt L. BEEEER
HIERAZER LTz, V=T VPV T DR, 2FDOmMtDNA16sBISDIEEESICEWHS R TE /-, mED
DNA%$58(C L7ZPCREERRICE W, ERK L2754 v —DEEUNHER I N, HEDNAEHN0.01pg THIRHE
ARETHDI DM 2Tz, 2D EDL, ERLETSA Y —IZBREDNAFETORABICFERATESZ EEX
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Aphelocheirus nawai is an aquatic insect that is listed as a vulnerable species and its conservation is in
urgent need. Aphelocheirus vittatus, a closely related species, is known to habitats in Japan, however the
distribution of A. nawai is not understood. In this research, | designed species-specific environmental DNA
assay for elucidating the habitat of A. nawai. The mtDNA 16S region of two closely related species, A.
vittatus and A. nawai were sequenced, and then the specificity and detection limit of the assay were
tested. The results showed that there were differences in the nucleotide sequences in the mtDNA 16S
region of the two species. The assay for the A. nawai was species-specific and could detect even 0.01 pg
of DNA. This indicates that the assay has the potential to be used in environmental DNA surveys. In the
future studies, | will conduct environmental DNA surveys from rivers in the Kansai region to identify the
habitat of A. nawai.
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Toward ecological survey of mountain forests by roller surface eDNA
methods
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Environmental DNA analysis has become a powerful tool in ecological surveys of rivers and oceans.
Consequently, there is a growing demand to introduce environmental DNA analysis into ecological surveys
and evaluations of environments such as mountain, forests and grasslands. However, the insufficient
sensitivity and detection ability of the sampling methods currently used for air and soil is still an
unresolved issue. Therefore, we carry out a comparative investigation between the recently reported roller
surface eDNA method (Peterson et al., 2022; Allen et al., 2023) and visual surveys. As a result, the results
of mammals, plants, and insects in private parks was consistent with visual surveys at a rate of 83%, 35%,
and 21%, respectively. In the presentation, | would like to show the results of Mt. Takao using the roller
method, which has been expanded in the sampling range, and discuss the simplicity and problems of this
method.
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Development of a new method for monitoring arboreal biodiversity
using stemflow: preliminary validation using lichens
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The forest canopy harbors a diverse array of organisms. However, monitoring their biodiversity poses
challenges due to limited accessibility, as it involves the use of large-scale equipment, a significant
amount of manpower, and huge amounts of money. To address these challenges, we developed a new
method for capturing arboreal biodiversity by harnessing stemflow as a source of DNA from organisms
inhabiting trees. To validate our method, we focused on lichens, which are easily observable on tree
surfaces. Our method involves encircling the tree trunk with gauze, directing the stemflow along the gauze
into a funnel, and collecting it in a plastic bag. We employed dual collection systems to retrieve
environmental DNA (eDNA) from the stemflow: the gauze trap, designed to capture macroscopic
biological fragments, and the plastic bag trap, which collected the stemflow itself. The trapped fragments
and stemflow were separately filtered, and eDNA was subsequently extracted from the filter membranes.
We performed eDNA metabarcoding and successfully detected a majority of the observed foliose lichen
species, including those not identified through visual observation alone.
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The changes in environmental DNA content over time and
temperature within the water that loaches were reared in
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Surveys using environmental DNA can identify species from environmental water without actually
capturing the organisms. In the past, it has been tested whether it is possible to estimate population size
based on the amount of DNA contained in the collected environmental water. However, because DNA is
degraded by temperature and bacteria, this method of population estimation has not been established. In
this study, we focused on the water temperature, which varied greatly among the various environmental
conditions of different parts of the river.

To investigate changes in environmental DNA content over time and temperature, we conducted an
experiment in which Misgurnus anguillicaudatus loaches were reared indoors.

Ten loaches were reared for two days in an aquarium with a temperature of about 28°C, no feeding, and
aeration.

The water that the loaches were reared in was transferred into 3 containers of 8 liters each, and each
container was kept in either a refrigerator, an incubator at 15°C, or indoor temperature. Then, suction
filtration was performed immediately, 1 hour, 3 hours, 5 hours, 8 hours, 24 hours, and 48 hours after
transferring. DNA extraction was then performed, and the amount of DNA was measured by real-time PCR.
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Development of detection assay for Schistosoma mekongi eDNA and
its application in the field
A i ME FIF. IRE #2s FEL R A

*Nao Matsumura’', Riko Matsuo', Masayuki K. Sakata®, Qiangian Wu', Toshifumi Minamoto'

1T.HMEKX - Bt - ABEFRE 2. LEEX - R B
1. Kobe Univ., 2. Hokkaido Univ.
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MmOk &R (Schistosoma mekongi) D B % [LEE THL ML, LY RI7DEWEFROBEEZBEET. &F
RTEADVEMBEREZFAICTHRET HRIEEE LT, RERBREORLIZAITTUTO 3 Sh 65T %
To7, ETHAEMTRELAEROBRICARDSH BB ICAT. YV T ERRTERWVREEEEL
FY Y IURIEERERE L. REEBEABEE LAWENBBEICDNT, 10 5BHEE DB
To7, REIC. LURFEMEORWVWA IV ENRREOBRERERAFEL .

Schistosomiasis is listed as one of the “Neglected Tropical Diseases (NTDs)” and its economic and
health consequences are of concern. Human transmission occurs through contact with water infested with
larval forms (cercariae) (WHO, 2020). We aim to examine the habitats of Schistosoma mekongi using
eDNA assay and to identify highly infected areas. In this study, before detecting S. mekongi in the field, we
aim to improve the detection sensitivity and indicate three results below. First, we examined the optimum
way for store samples in our field, where it is sometimes difficult to secure stable power supply there.
Second, we compared the filtration systems including the gravity filtration which does not require
electronic power. Finally, a species-specific set of primers and a probe was developed for detecting S.
mekongi DNA from water samples.
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Retrospective inference of human behavior using environmental DNA
analysis
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Retrospective inference of human behavior is crucial in forensic science. We used environmental DNA
(eDNA) analysis to investigate whether human behavior can be inferred from human DNA collected in
indoor environments. Samples (such as dust) were collected using roll cleaner from the floors of the
laboratory and certain rooms where some participants lived. Alleles detected in all samples were mixed
but those matching the DNA types of individuals who frequently used the area were found more often. A
relationship between the results of human eDNA analysis and human behavior, including the frequently
used area, was observed. It is suggested that the analysis of human eDNA allows the retrospective
inference of human behavior.
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How long can food DNA be detected in mammal’ s feces?
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DNA metabarcoding analysis of animal feces and stomach contents can reveal more detailed feed items
than conventional visual methods. It has been used to obtain evidence of predation of native amphibians
(which are difficult to trace) by non-native mammals and to understand the characteristics of crop
damage. However, there is no information on how long DNA of food can be detected in feces and
stomach contents after foraging in mammals, so we conducted a verification in captive raccoons. After
feeding about 15 large grapes to 4 captive raccoons, all feces were collected for a certain period of time,
and the time from foraging to defecation was recorded from video recordings. The analysis was
contracted to Bioengineering Laboratory, Inc. and primer rbcL (gPlant) was used. Grape DNA could be
detected in fecal samples up to 1 day later. Grape DNA was not detected in feces until one day after the

longest individual.
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Monitoring aquatic plants in irrigation ponds using environmental DNA

metabarcoding techniques
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In recent years, the increase in the number of abandoned reservoirs has led to a decline in the
biodiversity of reservoirs throughout Japan. In response to this situation, efforts are being made
nationwide to conserve and maintain the environment of reservoirs, and as part of these efforts,
monitoring surveys are being conducted in and around reservoirs. However, monitoring of aquatic plants,
which are the target species of this research, is challenging as it is difficult to identify species and visually
observe submerged plants and some floating plants from the water surface. Furthermore, it is difficult to
obtain information on past vegetation using conventional monitoring methods such as visual inspection
and collection. In this study, we attempted to compare detected aquatic plant species in abandoned
reservoirs using the environmental DNA metabarcoding method, taking advantage of differences in
degradation rates of environmental DNA in water and sediment. The results showed the feasibility of
monitoring vegetation changes by comparing eDNA detections from water and sediment samples.
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Demonstration test of passive sampling tool for use in river fish surveys
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Daytime water sampling, which is the mainstream environmental DNA survey method in Japan, may not
detect nocturnal fish species or rare species, leaving a challenge for understanding the entire fish fauna.
Therefore, we attempted to introduce Passive Sampling (PS), which has the potential to collect
environmental DNA to which the adsorbent is exposed during the installation period. Demonstration tests
were conducted to understand the fish fauna in the river area, and three methods were compared:
sampling, water catching fishes, and PS. The results showed that the number of fish species detected by
PS was clearly higher than that by catching fishes or water sampling. It also tended to detect more fish
DNA than water sampling. It was expected that PS could be used to detect environmental DNA of
nocturnal and rare species, etc., after a single installation and collection. Currently, PS is being tested in
other rivers, and future studies are underway, including the confirmation of PCR inhibition in samples with
a large amount of trapped mud components.
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Study on environmental nucleic acid extraction methods from highly
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In environmental nucleic acid (eNA) analysis, when filtering highly turbid water insufficient amount of
water can be filtered due to clogging, resulting in a decrease in detection sensitivity. In this study, we
focused on the COPMAN method, which can extract nucleic acids without filtration, and aimed to improve
detection sensitivity. The COPMAN method is a proven extraction method for viral RNA in sewage, and has
the potential to simultaneously extract DNA and RNA from highly turbid water. In this study, we tried to
extract and detect eNA using the COPMAN method from muddy water samples containing a mixture of
water and surface sediment, targeting a cyprinidae fish, Hemigrammocypris rasborella. As a result,
environmental DNA of the target species was detected, but the detection of RNA was not be confirmed. In
the future, we plan to improve the protocol with the goal of detecting RNA and DNA simultaneously.
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Comparison of effective decontamination methods in environmental
DNA analysis
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Because environmental DNA analysis is a very sensitive method of DNA detection, it is very sensitive to
contamination. It is therefore essential to minimise contamination during environmental DNA analysis.
Particularly in the laboratory, where DNA is handled in higher concentrations than during water sampling,
more careful measures must be taken against contamination. Therefore, it is common practice in
environmental DNA analysis to decontaminate laboratory instruments and benches before and after the
experiment using various techniques.

In this presentation, we compared the effectiveness of each method, such as wiping with chlorine bleach,
UV irradiation and ozone gas, for more effective decontamination in the laboratory.
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Basic examination of the relationships between the particle size
distribution of Egeria densa environmental DNA and the coverage area
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Environmental DNA (eDNA) has been increasingly used as a monitoring method for submerged aquatic
plants; however, it is not clear about the basic information (e.g., the aquatic plant particle size that reflects
the eDNA). Here, this study aimed to elucidate the particle size of eDNA that most reflects the coverage
area of the invasive submerged aquatic plant, Egeria densa in a riverine system. In this research, the eDNA
water samplings were conducted at in the downstream section of the Haji Dam in the Gonokawa River,
where E. densa overgrowth has been reported. We examined the particle size distribution of E. densa
eDNA and examined the relationships between the eDNA concentrations of each particle size and the
upstream coverage area of E. densa. As a result, it was observed that the eDNA concentrations were
relatively high in the particle size range of 2.7-10 wm at all sites. Moreover, it was found that the eDNA
concentrations in the particle size range of 2.7-10 um best reflected the upstream coverage area in our
study system.
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Application of a simple eDNA filtration extraction method to
metabarcoding and on-site analyses
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The suspended glass fiber method (SGF method), in which eDNA is collected and extracted by adsorption
onto glass fibers, is simpler and less expensive than the conventional suction filtration method using glass
fiber filter paper. eDNA extracted using the SGF method is applicable to specific detection (4th Meeting),
but its applicability to metabarcoding analysis was unknown. When eDNA was extracted from river and
pond water using the SGF method and subjected to fish metabarcoding analysis (Mifsh method), no
inhibition of PCR amplification was observed, and the number of fish species detected was similar to that
using the conventional method. Furthermore, on-site analysis using SGF-LAMP was attempted for
Mosquitofish Gambusia affinis in combination with the LAMP method, which allows isothermal
amplification and visual determination. Pipette manipulation was minimized by preparing the reaction
solution in advance and using an interdental brush for template appling. Only a tabletop centrifuge and a
small incubator were used, and DNA extraction and LAMP reactions were performed at the water
sampling site or in a moving vehicle. The results of G. affinis detection in the five rivers were generally
consistent with the qualitative analysis using gPCR/LAMP in the laboratory.
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Early detection and early prevention for Aromia bungii used by
environmental DNA analysis of frass.
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In recent years, one of an invasive alien species Aromia bungii is causing damage by parasitizing and
withering trees of the rose family such as cherry, plum, and apricot. The Hyogo Prefecture Invasive
Species Control Council, has collaborate with arborists and local authorities, uses environmental DNA
analysis to determine the presence or absence of infestations by analyze frass excreted the larvae. This
analysis using frass, can rapid identification of affects trees and facilitates early measures such as
pesticide control. When combined with the installation of nets to prevent mature insect from escaping,

this approach has yielded positive results in suppressing the occurrence of damaged trees.
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Investigating a method for detecting environmental DNA from
endangered species by a mobile PCR platform
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The usage of environmental DNA (eDNA) in environmental analyses involves a lot of assembly operations
that are hindered by conventional methods. We can conclude during class if We can see analysis on-site.
In the present study, | aimed to develop a mobile PCR platform especially appropriate for rapid on-site
analyses. The platform was tested by using a sample obtained from the Abe salamander (Hynobius abei),
and by combining different reagents/kits, namely, KANEKA simple DNA Extraction Kit Ver.2 (KANEKA),
GenCheck® DNA Extraction Reagent, KAPA3G Plant PCR Kit(KAPA), Hot start TTx (DNA) Kit, and Go-to
DNA Polymerase. | concluded that the better combination was KANEKA and KAPA. Sampling was
conducted by using on-site filtered water samples from aquatic ecosystems (pond and river) inhabited by
Tomiyo (Pungitius sinensis). However, DNA in collected water samples was not detected. In the analysis,
genus-specific primers and probe for Tomiyo and KAPA reagent kit were used to perform q PCR and
detect the DNA of Tomoyo in mobile and bench-top platforms. DNA was detected using the DNeasy
Blood & Tissue Kit. All using the inhibitor remover were the non-detection. The qPCR analysis was
performed in 1:10, 1:100, and 1:1,000 dilution solutions. DNA was only detected in the pond sample.
The gPCR analysis was performed using on-site and laboratory-filtered water samples inhabited by the
Abe salamander during the spawning season. The presence of DNA was confirmed in a laboratory-filtered
sample.
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"River16S", a DNA database for rivers that can be used with
Mtinsects-16S primers.

-Can the DNA database developed in Kanagawa Prefecture really be
used in rivers nationwide?-
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Kanagawa Prefecture has been developing a reference DNA database (DNA sequence database for each
species) mainly for aquatic insects since 2020.

This time, the DNA database for rivers "River16S" corresponding to the Mtinsects-16S primer was
developed by integrating the DNA database maintained by Kanagawa Prefecture and the DNA sequences
downloaded from the Public DNA Database (DDB)J).

Using River16S, we conducted a survey of rivers outside Kanagawa Prefecture and found that more than
70% of OTUs in the Ephemeroptera, Plecoptera and Trichoptera orders could be identified to species if
the thresholds for determining species were appropriately set.

However, as mistakes are bound to occur in databases, we hope that many people will use the database
to identify such mistakes and make it better, and we would appreciate your cooperation as a monitor.
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DNA barcoding of freshwater epiphytic/benthic cladocerans in Japan
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Ephiphytic/benthic freshwater cladocerans are one of the main food resources of invertebrate
predators, including the larvae of damselfry, meaning that they are especially important in terms of
wetland biodiversity conservation. However, ephiphytic/benthic cladocerans are less studied than
planktonic ones, and their precise taxonomic positions are not finalized in most cases. | have begun
obtaining the DNA barcode (mainly mtCOl) of Japanese freshwater epiphytic/benthic cladocerans, and
this poster presentation will summarize the results by emphasizing the nearly nightmare situation of their
taxomomy.
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Exploration of “entity” of unidentified uncultured fungus
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The current problem of saturation of unidentified and uncultured fungal sequences (hereafter referred to
as uncultured fungi sp.) in DNA databases, rather than known species, is a recent concern in DNA-based
fungal diversity assessment. In particular, studies of algal mats, lichenicolous fungi, and
sporocarp-inhabiting fungi have been conducted. This problem is expected to be resolved in the future as
fungal diversity research progresses; however, another problem is the possibility of overestimating
sequence diversity that do not exist as entities. Therefore, it needs to be re-evaluated the problem that
requires active resolution and clarification of entities. In this study, black yeast was isolated from leaf
surfaces, algal mats, lichens, and fungal surfaces using the dilution plate method. We compared these
strains with unidentified sequences of environmental origin based on sequences in the fungal species
identification barcode regions (rDNA ITS-LSU and mtSSU regions). We found strains that matched
sequences identified in multiple Uncultured Fungus sp. In other words, we were able to clarify the identity
ofthe “dark taxa” for the first time. However, the existence of a novel phylogenetic group that has not
been detected in previous studies was also revealed.
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Environmental DNA (eDNA) metabarcoding is a promising alternative to the traditional biological sample-
based haplotype analysis, but its practical application remains a challenge due to the spurious sequences
included in the amplicon data, even after the application of currently available sequence filtering and/or
denoising methods. To effectively eliminate such erroneous sequences, we developed a novel sequence
filtering approach. A simulation of eDNA metabarcoding processes was performed to gain a detailed
understanding of read size distributions of true haplotype sequences and their PCR errors, based on
which the approach of estimating the read size distributions of true and error sequences using Gaussian
mixture models and determining a statistically valid read size threshold for error filtering was devised. We
present the details of this approach, as well as its good performance results in the benchmarking analyses
using single-species eDNA metabarcoding datasets of which true haplotypes are completely or partially
known.
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Improving the river fish distribution estimation using eDNA and
hierarchical Bayesian modelling
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In the face of concerns over ecosystem degradation caused by human activities, the importance of
biological surveys and observations is increasing. Traditional methods involved visual or capture-based
surveys, which often required substantial time and personnel. However, recent developments in the field
of environmental DNA (eDNA) have allowed for the estimation of species composition and distribution
within ecosystems based on the traces of DNA left by organisms in their habitats. Recognizing the
importance of considering the "dynamics of eDNA" for accurate species distribution estimation from
eDNA, this study proposes the development and presentation of a hierarchical Bayesian model explicitly
accounting for the "dynamics of eDNA" in river environments. The model constructed in this study consist
of two types of models: a flowmodel, which represents the dynamics of eDNA in river environments, and a
species distribution model, which uses environmental information to estimate the distribution of
organisms. By applying this model to eDNA data collected from multiple locations and species, the study
successfully estimated the distribution of 40-50 fish species across three rivers. The results suggest that
by considering an appropriate physical model that accounts for downstream processes, accurate species
distribution estimation can be achieved from diverse eDNA data collected from various locations and
species.
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occumb: an R package for analyzing eDNA metabarcoding data via
multispecies site occupancy modeling
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Since sequence read counts obtained from eDNA metabarcoding are often highly variable, it is essential
to understand the sources of variation to make accurate assessments of species distribution and diversity.
Recently, an extension of the multispecies site occupancy model was proposed to assess species
distribution (i.e., site occupancy) while accounting for false negatives that occur in the multi-step
workflow of eDNA metabarcoding. This presentation will introduce a released version of occumb, an R
package that allows easy data analysis using this class of models. occumb allows users to easily
incorporate covariates for species occupancy probability and detectability using R's formula syntax and
perform Bayesian inference on model parameters. It also provides functionalities for identifying the survey
design for optimum species detection. The procedure for statistical analysis using occumb will be
described.
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Environmental DNA (eDNA) and mathematical approaches are being increasingly employed in species
distribution estimates. However, few research have simultaneously examined both current and future
distributions. We examined the eDNA concentration distributions for common shrimp and isaza fish in
Lake Biwa and predicted changes in those distributions under climate change. Water samples were
collected from the lake bottom during both full and partial circulation. The analysis of relationship
between environmental variables and species eDNA concentrations revealed that water depth and
dissolved oxygen (DO) concentrations most exert profound influence on shrimp, while water temperature
and DO concentrations primarily impact isaza. By applying the relationship to the present and future
environmental data, estimations showed that the shrimp is likely to significantly decrease and even go
extinct in the future. Conversely, the isaza may increase its range under full water circulation. These
findings stress the importance of close monitoring of species that are vulnerable to climate change.

Additionally, the analytical method here also shows potential for conservation application.
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Basin-wide estimation of river fish distribution using quantitative
environmental DNA metabarcoding
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In this study, the basin-wide distributions of riverine fishes were estimated from environmental DNA
(eDNA) concentrations and environmental factors using quantitative eDNA metabarcoding method that
enables comprehensive and quantitative evaluation of fish species abundances in the Saba and Takatsu
rivers, which are the first-class river systems in the Chugoku Region in Japan. The eDNA surveys were
conducted in May and June 2022. First, the relationships between the fish eDNA concentrations and
environmental factors were analyzed and modeled using Generalized Linear Model (GLM) and deep
learning. Then, the differences in accuracy of the measured and predicted values between GLM and deep
learning were examined. The results suggest that river water temperature could have the greatest
influence on the eDNA concentrations of Ayu and Japanese Eel, which are useful fisheries species.
Furthermore, the correlation coefficients between the measured values and prediction values on deep
learning were R>0.6 for both species, indicating that it is possible to estimate the distribution area of each
fish species in the watersheds.
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Evaluation of basin-wide river biotic integrity using quantitative
environmental DNA metabarcoding
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In this study, we developed the indexes of river biotic integrity based on fish species richness and
environmental DNA (eDNA) concentrations using quantitative eDNA metabarcoding. The developed
indexes were used to evaluate the biotic integrity of the two first class rivers (Takatsu and Takahashi rivers)
in Japan. Our results showed that the biotic integrity scores of the downstream sites with higher habitat
size tended to be higher than those of the upstream sites, and the biotic integrity scores of the Takahashi
River with higher watershed area were significantly higher than those of the Takatsu River. These results
suggest that the biotic integrity evaluation with the species richness-based indexes could be affected by
habitat size. In contrast, using the eDNA concentration-based indexes, we could find that several
upstream sites had higher biotic integrity scores than the downstream localities, and the Takatsu River
included numerous sites with higher biotic integrity scores than the Takahashi River. These results
indicated that the eDNA concentrations-based indexes were not strongly affected by habitat size and
could be useful to quantitatively evaluate the biotic integrity of riverine habitats.
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Forest ecosystems serve as vital carbon sinks, harbor biodiversity, and play a pivotal role in global climate
regulation. Within the complex structure of forest ecosystems, bioaerosols, which are biological airborne
particles such as pollen, fungal spores, bacteria, and viruses, are often overlooked. However, bioaerosols
play a key role in spreading their habitat through the air. In order to assess seasonal variations in
bioaerosols within the forest, which is crucial for understanding their ecological significance, we collect
bioaerosols through air filtration once a week from Apr. to Jul, 2022 in Tomakomai Experimental Forest of
Hokkaido University. We amplified three metabarcoding regions, including 16S rRNA, 18S rRNA, and the
fungal ITS gene, and sequenced them using the MiSeq. The observed number of Amplicon Sequence
Variants (ASVs) was relatively lower than that in other environments such as soil and river water for all
three regions. However, there were seasonal variations in all three regions, with higher counts in April and
July for 16S rRNA, and in July for 18S rRNA and ITS. When comparing ASV abundance in air with other
environments, we observed an overlap between ASVs dominating on the leaf surface and 16S rRNA in the
air, indicating that the leaf surface is the largest source of airborne bacteria. Seasonal changes in air
temperature, humidity and other environmental variables can influence the composition of bioaerosols.
Therefore, we plan to analyze the data using multivariate statistics to extend our dataset to cover the
entire year.
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Development of a wildlife population analysis method in the field
using airborne nucleic acids (eNAirs)
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Environmental DNA in the air (eDNAIr) is an effective, non-invasive, and convenient method for monitoring
wildlife in the field. However, tracking animals that move through eDNAir, which is expected to persist for
relatively long periods, has proven challenging. To address this issue, laboratory simulations using mice
were conducted, suggesting that environmental RNA in the air (eRNAir) may degrade more rapidly and be
undetectable after three days, making it potentially effective for recent tracking when detected
simultaneously with eDNAIr. In this study, eNAir (eDNAir/eRNAir) was collected in the Shirakami
Mountains of Akita Prefecture, Japan, to comprehensively detect animal species and track their presence.
The results indicated that eNAir primarily contained human DNA, accounting for over 95% of the samples.
In the case of eDNAIir, monkeys and rats were detected, while eRNAir mostly contained wild boar DNA.
Among birds, both eNAir and eRNAir were dominated by cranes and cormorants. Overall, these findings
suggest the potential utility of eRNAir for recent tracking. This research demonstrates the effectiveness of
eDNAir and eRNAir in monitoring wildlife in the field, with eRNAir showing promise for more immediate
tracking applications due to its rapid degradation, offering valuable insights into environmental
conservation efforts.
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Little has been known about the biota near the canopy in temperate forests due to the difficulty of
surveys. Therefore, it is difficult to understand the actual status of vertebrates living in trees, including
their distribution and abundance. We have studied detection systems using rainfall passing through the
canopy for insects, but this time we analysed mammals, birds and reptiles. In addition to bats, civets,
hares, crows and long-tailed tit were detected from rainwater. In this case, the rainwater was picked up by
a rota placed on the ground, so it also contained DNA from terrestrial species other than arboreal species.
The study was funded by the Green and Water Forest Fund.
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Use of environmental DNA as a tool for estimating the dispersal of
exotic freshwater fish species
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Biological invasions are one of the major threats to biodiversity in freshwater ecosystems. Identifying the
origins and spread of introduced species is crucial for managing them as well as preserving native species.
We developed an eDNA-based haplotyping approach for an exotic fish, the bluegill sunfish (Lepomis
macrochirus), in Japan using high-throughput sequencing. Using the developed approach, we performed
extensive field surveys mainly in the Kansai region to investigate the distribution of bluegill haplotypes.
The results allowed us to estimate the fish’ s dispersal process, suggesting the potential use of eDNA in
alien species management. We believe that our eDNA-based approach, which can easily be applied to
wide-range surveys of exotic species, serves as an effective tool for managing biological invasions.
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Environmental DNA analysis has recently been increasingly applied to the assessment of genetic diversity.
Most recently, it has shown its usefulness as a new tool to reveal phylogeographic structure with minimal
time and effort. To further extend eDNA application in phylogeographic studies, we challenged a
comparative phylogeography analysis, simultaneously assessing and comparing the phylogeographic
structures of multiple species. We targeted 11 species of Rhinogobius gobies, excluding those endemic to
the Ryukyu Islands. We developed a Rhinogobius-specific primer set for the mtDNA cytochrome b region
and simultaneously amplified their eDNA from a total of 447 water samples collected throughout Japan.
After high-throughput sequencing and denoising, we assigned each sequence to a species based on
reliable reference sequences. Following data screening to eliminate false positives for each species,
phylogenetic analysis was performed using all sequence data obtained from 11 Rhinogobius species.
Consequently, we successfully reconstructed a phylogenetic tree and revealed the distribution patterns of
the intraspecific lineages for each species. A landlocked species, R. flumineus, was subdivided into nine
reported and at least four unreported lineages, each showing geographic cohesion. In contrast, the
amphidromous species showed relatively coarse phylogeographic structure consisting of one to six
lineages. Differences in the number of lineages and distribution patterns among amphidromous species
are likely attributable to ocean currents and the differences in the dispersal abilities of larvae. Despite the
limitations of using only mtDNA (e.g., possible nuclear-mitochondrial discrepancies), our study
demonstrates that eDNA has great potential for comparative phylogeographic studies.



[P-32]
Species-Genetic Diversity Correlations (SGDCs) and

metaphylogeographic analysis of aquatic insects based on bulk
community and eDNA metabarcoding

*Dan Joseph Cordova Logronioi,2, Ming-Chih Chius, Arnelyn Larano1,2, Levente-Péter Kolcsari,2,
Kozo Watanabe1,2

1. Center for Marine Environmental Studies (CMES), Ehime University, Matsuyama, Ehime, Japan, 2. Graduate School
of Science and Engineering, Faculty of Engineering, Ehime University, Matsuyama, Ehime, Japan, 3. Department of
Entomology, National Chung Hsing University, Taichung, Taiwan

Mitochondrial cytochrome c oxidase subunit T (mtDNA CO1) haplotypes from bulk community and eDNA
metabarcoding datasets can provide enormous amount of intraspecific variation. When combined with
community diversity data, simultaneous assessment of SGDC and phylogeography becomes possible
across multiple species of aquatic insects. Our bioinformatics workflow effectively filters out artifacts, PCR
and sequencing errors, and nuclear mitochondrial pseudogenes (nuMTSs), retaining only authentic
haplotypes. Initial analysis was performed using species from bulk samples namely, Ephemeroptera (
Epeorus latifolium, Afronurus yoshidae, Ephemera japonica, Potamanthus formosus), Diptera (Antocha
bifida, Conchapelopia togamaculosa), Trichoptera (Glossosoma ussuricum), Plecoptera (Kamimuria
tibialis), and Odonata (Davidius fujiama). Metaphylogeographic analysis showed that some species of
insects had unique phylogeographic patterns which may be attributed to insect’ s behavior, habitat
preference and gene flow. In terms of a-SGDC only two species from Order Ephemeroptera (E. latifolium,
P. formosus) demonstrated a significantly positive correlation between population gene diversity and
community alpha diversity. On the other hand, C. togamaculosa and A. yoshidae showed a weak negative
correlation but were not statistically significant. For 8-SGDC, species from Orders Ephemeroptera,
Diptera, and Odonata showed a significantly positive correlation between population pairwise genetic
distance (FST) and pairwise community beta diversity. However, species from Orders Trichoptera and
Plecoptera showed a weak positive correlation and were not statistically significant. These multi-species
analysis of phylogeographic patterns and SGDCs will provide a more comprehensive information on
aquatic insects' diversity, ecology and evolution which is critical for biodiversity and climate change
impact assessment.
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Study of fish fauna and genetic diversity in Tsushima by environmental
DNA metabarcording
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In Tsushima Island, Nagasaki Prefecture, designation of a marine protected area has been planned, and
fish fauna information is needed to provide basic information for this project.In this study, we attempted
to understand the species of fish that appeared in the Tsushima coast based on environmental DNA
metabarcoding in March (6 sites) and September (8 sites) of 2020. Tsushima Island has a record of 366
fish species from collecting specimens and conventional visual observations. One hundred species were
detected from environmental DNA in this study, 78 species of these were known species. Newly detected
22 species included some Blenniidae and Gobiidae, enabling the fish information that they had been
overlooked by conventional methods.In addition, we also obtained information on the genetic diversity
within the species, and 10 haplotypes were detected in fisheries target species Banded blue sprat
Spratelloides gracilis, and these phylogenetic relationships and geographic distribution were
clarified.These results indicate the usefulness of marine living resource management in research methods
that use environmental DNA.
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Japanese eel (Anguilla japonica) is a catadromous fish widely distributed in Japan. However, its population
has been declining in recent years, and there is an urgent need for its conservation. One of the factors
causing the decline of Japanese eel is the impact of environmental modifications due to the construction
of structures such as weirs and dams. However, few studies have compared the effects of different
environmental factors on the distribution of Japanese eels across multiple rivers. In this study,
environmental DNA (eDNA) analysis and environmental measurements (including water quality, sediment
quality) were conducted in 14 rivers located in several prefectures in Japan. Based on the results, the
relationship between the eDNA concentration of Japanese eels and each environmental factor was
investigated by model selection. As a result, a model including the density of structures and the riverbed
gradient near the sampling point as variables was selected as the best model, and both variables had a
negative effect on the eDNA concentration. These results suggest that Japanese eel prefer an environment
with a moderate riverbed gradient and low velocity, and that the upstream migration of Japanese eel is
inhibited in rivers where structures are more frequently installed.
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The metal sensitivity of riverine aquatic insects differs from species and is used to assess the impacts of
metals on ecosystems. Although the responsible mining companies are required to monitor the impact of
metals in closed mines, because of the large financial burden, they are often unable to reach the
ecological assessment and can only make chemical assessments. This study aimed for developing a
method to determine the ecological effects of metals using aquatic insect environmental DNA. A total of
five sites were surveyed along approximately 1.2 km section of a river downstream of a closed mine in
Iwate Prefecture: a site with/without metal effects, a confluence of these sites, and two sites after the
confluence. At each site, aquatic insect sampling, environmental DNA sampling, and metal concentration
analysis were conducted. Environmental DNA samples were subjected to metabarcoding analysis
targeting 142 bp and 313 bp of the COI region of mitochondrial DNA. The results showed that taxonomic
diversity was lowest at the metal-impacted site (Cu=99.5ug/L, Cd=4.86 ug/L), and that the family
Chironomidae was dominant, as indicated by both the capture-based sampling and environmental DNA.
At the two sites after the confluence, taxonomic richness and abundance recovered more downstream in
the sampling survey, but no clear recovery was observed in the environmental DNA. Although the
discrepancies, environmental DNA clearly showed differences in community structure even at an only 500
m interval in lotic environments, indicating that quite localized communities can be investigated.
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Opisthorchiasis, caused by Opisthorchis viverrini, is a major health problem in Southeast Asian countries
because of the increased risk of cholangiocarcinoma associated with infection. However, because O.
viverrini has a complex life cycle with multiple intermediate hosts, it is difficult to rapidly monitor the risk
of infection using conventional methods. Therefore, as a first step in the development of a method to
assess the risk, we have developed a method to detect the parasite and its intermediate hosts from
environmental water. The study was conducted to detect and quantify the environmental DNA (eDNA) of
the parasite and intermediate hosts. The study was conducted in Savannakhet Province, Lao PDR, using a
multi-gene assay to detect eDNA of the O. viverrini, quantitative PCR to detect and quantify eDNA of the
first intermediate host, snail, and quantitative metabarcoding analysis to detect and quantify eDNA of the
second intermediate host, fish. DNA detection and quantification were conducted and compared with
conventional survey methods. In addition, to estimate the false negative rate in the eDNA survey of O.
viverrini, we also used a site occupancy model to estimate the false-negative rate in the eDNA survey of
the O. viverrini. Based on these results, we will estimate the factors of distribution of the O. viverrini and

its intermediate hosts.
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In aquatic ecosystem, the food web structure based on composition and abundance of prey species
influences the feeding characteristics of predators, resulting in changes to the structure and function of
the entire food web. Identifying the feeding behavior of zooplankton is essential to understanding the flow
of matter and energy within food webs, especially since zooplankton are intermediates in aquatic
ecosystem food webs, transferring primary production energy to higher trophic levels based on the
prey-predator relationship. However, microscopic identification alone can only provide a limited
understanding of the zooplankton's potential food pool, as well as the food sources consumed. In this
study, potential vs. eaten food sources of Sinocalanus tenellus, a copepod species dominant in brackish
waters, were analyzed based on phytoplankton operational taxonomic units detected from the habitat’ s
raw water and treated whole bodies of S. tenellus. The alpha diversity and dominant/subdominant
species of each potential and eaten food source were identified, and they were compared across seasons.
At the same time, the feeding selectivity index (E) was calculated by identifying overlapping species in the
potential vs. eaten food source pool. As a result, it was confirmed that not all surrounding potential food
sources are fed on by S. tenellus, and that its diet can vary depending on the presence/absence of
preferred prey. Metabarcoding is an effective method for identifying potential/eaten food sources of
zooplankton at the genus or species level, and if widely applied in the future, it is expected to be useful in
characterizing their feeding behavior.
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Forest soils are central to the maintenance of ecological health, hosting a quarter of all biodiversity on
Earth and storing three times as much carbon as is found in the Earth’ s atmosphere. Forest soil
biodiversity and carbon ecosystem services make them essential for the mitigation of climate change and
the preservation of biodiversity. The soil biome, and specifically microbial and fungal species, play
significant roles in ecosystem service provision, and yet remain poorly characterized in the tropics. The
present study characterized the soil biome in regenerating soils in Hong Kong SAR and determined soil
biome responses to active versus passive ecological restoration initiatives. Environmental DNA was
extracted from soil samples and fragments were amplified with 16S and 18S primers for metabarcoding of
microbial and fungal communities, before sequencing with illumina MiSeq. Qiime analytical pathways
were applied to characterize soil biome species into Actual Sequnce Variants (ASVs). Analysis of Variance
and Non-Metric Multidimensional Scaling were applied to determine differentiation of biome microbial
and fungal communities between forest types and stand age groups.
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Environmental DNA (eDNA) analysis does not involve direct contact with organisms. It has the potential to
become an environmental education tool for a variety of people, including those who have difficulty with
direct contact with living organisms. In this study, we designed an environmental education program using
eDNA analysis and conducted it for high school students from two schools in Gifu Prefecture, Japan. In the
program, the students received a basic lesson on ecology and eDNA, and then, they visited a river located
near the high school and sampled the water. About a month later, they were informed of the results of an
eDNA metabarcoding analysis from their samples. They then received another lesson on biodiversity and
ecosystem services/dis-services. The results of the questionnaire survey which were answered by students
indicated that they increased their interest on biodiversity and ecosystem services through the program.
Interestingly, the results also indicated that they became more eager to touch the creatures through the
program. It was suggested that eDNA analysis can be used as an environmental education tool.



[P-40]
BIEDNASH & B WSEIKEBICE T 24 4 HF+ 5 EDX PR
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Egeria densais an invasive aquatic plant that has become such a problem that it has been designated
by the Ecological Society of Japan as one of the "100 Worst Invasive Alien Species in Japan".lt is also
thriving in the Yodo River and is a factor in the drift of floating aquatic plants such as Pistia stratiotes the
lower reaches of the river.

In order to prevent such damage, the removal of the Egeria densa is required. However, in order to
exterminate it, it is necessary to understand its habitat status in river basins. However, it is extremely
difficult to conduct a wide-area distribution survey because conventional visual surveys are
time-consuming and costly. For this reason, even in the Yodo River, no wide-area survey has been
conducted for the Egeria densa.

We therefore conducted a more efficient and extensive distribution survey using environmental DNA
analysis, which has been attracting attention in recent years as an efficient survey method for biological
monitoring.

This study investigates the distribution of the Egeria densain the Yodo River watershed using
environmental DNA analysis.
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Development of Metabarcoding Technique for Spatiotemporal

Distribution Survey of Echinoderm Larvae Plankton in the Oki Coastal
area
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In recent years, the northward migration of southern species has been reported one after another in
marine organisms. The same trend can be seen in benthic animals with low adult mobility, such as sea
urchins. The main cause of the distribution expansion of echinoderms is thought to depends on their
planktonic larva. Therefore, if echinoderm larva can be detected in the field environment, it will help to
monitor future ecosystem changes. In this study, echinoderm plankton larva were detected in the field,
and eDNA was analyzed using metabarcoding and quantitative PCR for comparison among seasons and
locations and quantification of larval populations. Five research sites were selected starting from Kamo
Fishing Port, where the Oki Marine Biological Station is located, and moving away from the bay in stages.
Field surveys were conducted in September and December using plankton nets and surface water
sampling. Universal primers capable of amplifying echinoderm DNA were created to detect environmental
DNA in the samples, and comprehensive analysis using metabarcoding was conducted. Metabarcoding
results showed differences in the echinoderm species for which DNA was detected depending on the
season. We also found that the DNA of larval plankton of echinoderms could be detected from the
outdoor environment by sampling with plankton nets. Quantitative PCR results showed that larval
plankton DNA was detected to the same extent throughout the southern coast of the post-island area,
indicating a wider migration range than that we expected.
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Ecological Survey of Marine Life in the Ariake Sea “Fish Market
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The Ariake Sea has a unique and rich ecosystem, including "Ariake Sea Specialty Species (23 species),"
which have been confirmed to live only in the Ariake Sea in Japan. However, in recent years, there have
been whispers in the local community of a decline in fish catches. Therefore, we wanted to conduct an
ecological survey of marine organisms in the Ariake Sea to understand their current status. As a method,
we conducted a survey of fish and shellfish landed seasonally at the Omuta fish market. In addition, by
analyzing six years of landings data from the Omuta fish market, the characteristics of the fish and shellfish
landed from the Ariake Sea became apparent. Furthermore, an environmental DNA survey was conducted
on fish species at the Port of Miike during the summer season, and the results were compared with those
from the fish market. As a result, four of the 36 fish species identified in the environmental DNA survey
matched the species landed at the fish market. In this report, we describe the ecology of marine organisms
in the Ariake Sea as revealed by these results and their characteristics as fishery resources.
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Lake Tokiwa in Ube City, Yamaguchi Prefecture, is home to a variety of fish.However, the transparency of
the lake water is low, and there is a lot of garbage.Therefore, we conducted a survey at Lake Tokiwa to
learn about the current situation of Lake Tokiwa, and we wanted to improve biodiversity and water
quality.The first survey method is to comprehensively investigate the fish living in Lake Tokiwa using
environmental DNA.The second is to conduct pack tests to investigate the quality of Lake Tokiwa's water
from a chemical perspective.As a result of the fish survey, we came to the conclusion that the water
quality of Lake Tokiwa may not be very good from the types of fish that could be confirmed.However, the
results of the pack test showed that the water quality of Lake Tokiwa was relatively good. As for the future
prospects, we will conduct a survey similar to the survey at Lake Tokiwa, which is a lake that is considered
to have relatively better water quality than Lake Tokiwa in the vicinity.We would like to compare these
results with those of Lake Tokiwa to determine what is necessary to improve the water quality of Lake
Tokiwa and improve biodiversity.
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Distribution of native and non-native fish species in rivers
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Alien species are species, subspecies, or subgroups of taxa that have been intentionally or unintentionally
introduced outside their past or present natural distribution range by humans. It is generally recognized
that there are species that exert predation pressure or competition on native species, and there are many
previous studies that support this fact, such as the fact that invasion can drastically reduce species
diversity, and that eradication can lead to the re-emergence of native species. However, previous studies
in rivers in Hyogo Prefecture suggested that have yielded conflicting results. The purpose of this study was
to confirm the distribution of native and non-native species in fish and to examine the details of the
relationships using environmental DNA metabarcoding analysis. Based on the results, we aim to find out
possible relationships other than the direct negative impact of non-native species and to discuss how to
deal with non-native species.
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Fish Faunal Survey of Rivers in Noto Area by Environmental DNA
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Surveys of freshwater fish fauna in rivers in Ishikawa Prefecture were widely conducted in the 1970s and
1990s (Ishikawa, 1978, 1996). In the Noto area, surveys were also conducted in several water systems
(Hakui River, Konmachi River, Wajima River, Machino River) and several rivers such as the Misogi River and
Kumaki River. However, no large-scale, simultaneous surveys have been conducted since then. The
diversity of freshwater fish species may be changing due to river improvement, the introduction of alien
species, and changes in climatic conditions. In order to examine these effects on freshwater fish fauna, it is
necessary to conduct a broad survey of the current fish fauna and distribution. In this study, we
investigated the fish fauna using environmental DNA mainly in the rivers of Nanao City, where Ishikawa
Prefectural Nanao High School is located. Water samples were collected at 50 sites twice, once in summer
(July-August) and once in autumn (October-November). Using these samples, (1) species-specific analysis
for loach and ayu, and (2) comprehensive analysis were conducted and compared among sites and rivers.
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Improving the efficiency of long-term monitoring of fishways group
using environmental DNA
AR BERT . AR BER. Fh #x’ LHE R miEFE°

*Taku Masumoto', Yasuyuki Harada', Hirotoshi Kibushi', Toshifumi Nonaka? Noriyo Yamada?®,
Hideo Katou®

1. REFAREHKERA ST, 2. RAKHRREMMAEA. 3. HRAKHCTIU— K
1. EAST JAPAN RAILWAY COMPANY, 2. CTl Engineering Co., Ltd., 3. CTI REED Co., Ltd.

JRRAXDNAETHEFHIMKY ATIE, 201 2FD"HE S5 ETHEB” OFRICE Y RERFATEM L TU
k., BFEG6RIC. 1MAEOHERAEZREL TWS, RENICE=S ) v/ 2itinT 270, HEREICH
SBEANDEFESABBNEZERTHIAREFEL LT, SHIFREDNADERZRFLTWS, 201
OFNL202 2FICEELHERELHRZEDNASHOBERI S, RIEDNAZFRALLAEHICEITS
EXAWBRAEFEERIL, £, YLAOLRETROEATE. B, % ZIREDNADNEZERET S
ET, FHOBEROELZBEL, ZL T, P71OEEPCRAOMICEY, MEEZHETIFEEZHRR
Ll TNHDIER. BEFHICSIT2REREZTOFEABICS 2BBOEFRREZIBET DI ENT
&, AERAORREZRANICIBIEYT 25 AT, RIEDNADEREIWERALE=S Y VY IFEELTEWTH
e ph ot

At the Miyanaka Intake Dam owned by East Japan Railway Company, a group of fishways was completed in
2012 with the construction of a new Rock-ramp fishway (Seseragi fishway). Since 2012, a month-long
capture survey has been conducted every June. To enable long-term monitoring, we are considering the
use of environmental DNA as an alternative method to reduce the burden on fish and the large amount of
effort associated with capture surveys. Based on the results of capture surveys and environmental DNA
analysis conducted from 2019 to 2022, we established a basic research method that utilizes
environmental DNA in fishways group. Annual changes in the fish fauna were determined by conducting
environmental DNA analysis in spring, summer, autumn, and winter both upstream and downstream of the
dam. A method for estimating the amount of Ayu Plecoglossus altivelis migrated upstream using
quantitative PCR analysis has been organized. As a result, the fish fauna and the preference status of
fishways by the main fish species in the fishways group were determined. The use of environmental DNA
was effective as an efficient monitoring method in order to understand the status of fish fauna in fishways

group over the long term.
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Seasonal environmental DNA analyses of fish in rivers in Fukuoka
Prefecture, Japan
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In this study, environmental DNA (eDNA) analyses were conducted for rivers in two areas of Fukuoka
Prefecture, which are divided by mountains, by season to investigate trends in fish species detected. The
survey sites were five sites on the Nakagawa River in the Chikuzen area and three sites on the
Futatsugawa River in the Chikugo area, and eDNA analyses were conducted four times in November
2021, February, May, and August 2022. Comparing the number of fish species detected by season, the
highest number of fish species detected at all survey sites was in May 2022. Ayu (Plecoglossus altivelis
altivelis) was detected at three sites in the Nakagawa River and all sites in the Futatsugawa River, but was
not detected in the February 2022 survey at any site. This result was considered to reflect the life history
of Ayu, which is an amphidromous fish, suggesting the possibility of obtaining data reflecting the life
history of fish species through time-series surveys using eDNA analysis. The presentation will also include
the frequency of fish species detected at each survey site, their trends and comparison with the survey
records. This work was supported by JSPS KAKENHI Grant Number JP19K04682 and 22K04390.
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Research of the habitat status for Rhodeus ocellatus subspecies in the

Moo River systems in Himi City,Toyama Prefecture with environmental
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In 2020, we conducted a metabarcoding analysis of the fishes with environmental DNA analysis in the
Moo River systems in Himi City, Toyama Prefecture.

As a result, DNA from Rhodeus ocellatus kurumeus, which had not been previously reported, was
detected in the Moo River, in addition to DNA from Rhodeus ocellatus ocellatus and Carassius cuvieri. In
order to find the reason why Rhodeus ocellatus kurumeus DNA was detected, we conducted a species-
specific analysis with environmental DNA analysis in the Moo River systems and around reservoir from
2021 to 2023.

In addition, we conducted field research to discover the capture and infiltration route of Rhodeus

ocellatus subspecies.

As a result of a species-specific analysis, Rhodeus ocellatus ocellatus and Rhodeus ocellatus kurumeus
DNA were detected in the Moo River and a reservoir.

During the field research, we captured Rhodeus ocellatus ocellatus in the Moo River and confirmed
that Carassius cuvieriwas released into the reservoir.
Based on the above results, it is supposed that individuals with the genes of Rhodeus ocellatus kurumeus
were mixed when the Carassius cuvieri was released into the reservoir.
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Habitat survey of Channel Catfish, specified invasive alien species, in
Lake Biwa and the Seta River using environmental DNA
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The channel catfish (/ctalurus punctatus) is designated as a specific alien species native to North America,
and since it was introduced to Japan for fisheries purposes in 1971, it has expanded its distribution in
various places. In Shiga, this species was confirmed to exist in Lake Biwa and the Seta River in 2001, and
extermination efforts have been underway since 2018. In order to verify whether information from
environmental DNA analysis could be used for habitat surveys, we conducted longline surveys in Lake
Biwa and the Seta River once a month, and sampled water at the same locations. The sampled water was
filtered and DNA was extracted. The extracted DNA was subjected to real-time PCR analysis using primers
and probes specific to this species, and the presence or absence of DNA of this species was investigated
at each site. As a result of extermination activities, CPUE has been maintained at a low level, and the
extermination effect of this species has been confirmed. On the other hand, this species continues to be
collected, although in small numbers, and its DNA continues to be detected, albeit at low levels. This
suggests that this species may have migrated upstream from the lower reaches of the Seta River and
invaded Lake Biwa.
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Study on the breeding environment of Hynobius setouchi
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The loss of biodiversity in rivers, ponds, and other freshwater bodies is extremely serious on a global scale.
Agricultural ponds are particularly important for biodiversity conservation because they contain a large
number of species per unit area and provide refuges for rare species. In the Ogo area of Kobe City,
located at the northwestern edge of the Rokko Mountains, there are many abandoned agricultural ponds,
one of which is confirmed to be inhabited by Hynobius setouchi, which is listed as a vulnerable species in
the Red List of Japan. However, it is not fully known whether other nearby reservoirs are also inhabited by
this species. Therefore, in order to understand the habitat of this species in the target area, we developed
a new species-specific probe and investigated the presence/absence of this species in each reservoir
using an environmental DNA analysis. As a result, DNA of Hynobius setouchi was detected in several
reservoirs where the species was not previously known to occur. The results obtained by time-series
sampling were considered to reflect the breeding and larval periods of this species. The detection rate
tended to decrease with the length of time since the reservoir was abandoned, suggesting that the habitat
of this species deteriorates with the years after abandonment.
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Using environmental DNA to identify difficult-to-observe bird species
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Bird surveys are based on visual surveys by skilled surveyors, but there are some species that are difficult
to identify in surveys, such as those that inhabit reed beds and other thickets and are difficult to find, and
nocturnal species. This study aims to establish an efficient method of compiling a bird list, including
species that are difficult to identify visually, by applying environmental DNA analysis technology.
Metabarcoding analyses were conducted for birds using MiBird primers by collecting water in puddles
within reedbeds and in nearby river estuaries during May and June, when summer birds are flying in.
Although the number of confirmed bird species was limited, some species that had not been identified
during visual surveys were recorded. The possibility of efficiently detecting difficult-to-identify species was
opened up by conducting visual surveys with an awareness of the species identified by environmental
DNA.
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Elucidation of the distribution of finless porpoise in Osaka Bay
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Finless porpoise (Neophocaena asiaeorientalis) is a species of the Phocoenidae. They are distributed in
five main areas in Japan, and the eastern part of the Seto Inland Sea including Osaka Bay, one of their
distribution areas, is with a lot of human activities such as fishery, vessel traffic, and coastal development.
As a result, there is concern about the decline in the population affected by human activity. However, its
detailed distribution is not understood. In general, distributional surveys of marine mammals are
conducted visually, but since finless porpoise has no dorsal fin and does not form large groups, it is
difficult to conduct a visual survey. In this study, we investigated the distribution of finless porpoise in
Osaka Bay using eDNA analysis. We took water samples from 100 sites throughout Osaka Bay, and
simultaneously conducted visual surveys in November 2022 (fall), February 2023 (winter), May and June
(spring), and August (summer). As a result, although no finless porpoises were visually observed in the fall
and winter, eDNA was detected at 55 sites in the fall and 54 sites during in the fall. In the spring, they
were observed at three sites and eDNA was detected at 41 sites, and they were also observed at two sites
in the summer. Based on these results, we will discuss the effectiveness of eDNA analysis in elucidating
the distribution of finless porpoise.
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