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Development and evaluation of PCR primers for environmental DNA metabarcoding of
Amphibia
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*Masayuki K. SAKATA, Mone U. KAWATA (Kobe Univ.), Atsushi KURABAYASHI (Nagahama
Institute of Bio-Science and Technology, Hiroshima Univ.), Takaki KURITA (Natural History Museum
and Institute Chiba), Masatoshi NAKAMURA, Tomoyasu SHIRAKO (IDEA Consultants Inc.),
Ryosuke KAKEHASHI (Nagahama Institute of Bio-Science and Technology), Kanto NISHIKAWA
(Kyoto Univ.), Mohamad Yazid Hossman (Forest Department Sarawak), Takashi NISHIJIMA, Junichi
KABAMOTO (Ministry of Agriculture Forestry and Fisheries), Masaki MIYA (Natural History
Museum and Institute Chiba), Toshifumi MINAMOTO (Kobe Univ.)
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In this study, original PCR primer sets for eDNA metabarcoding were developed and those usability
was explored. Firstly, PCR amplification tests of the primer sets were conducted using DNAs extracted
from the amphibian. The primer sets successfully amplified all 16 taxa tested consisting of all three
living amphibian orders. Next, the taxonomic resolutions were investigated, and the primer set, named
Amph16S, had the highest resolution. Finally, the field survey across Japan (160 sites of 10 areas)
was conducted and detectability of eDNA metabarcoding with Amph16S was evaluated by comparing
the detected species between eDNA metabarcoding and traditional survey. As the result, the eDNA
metabarcoding with Amph16S detected more than the traditional surveys, indicating the effectiveness
of eDNA metabarcoding with Amph16S.
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Fish eDNA analysis of seawater and sediment at offshore Nobeoka City, Miyazaki
Prefecture
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*Toshikazu TATEMATSU, Etsujiro KATAYAMA, Tomoyuki KOHAMA, Nobutaka MAKI (Pacific
Consultants Co.LTD.), Takeshi KANBASHIRA, Ichiro TORIDAMARI (Miyazaki Prefecture),
Toshifumi MINAMOTO (Kobe Univ.)
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We evaluated the effect of sample type (water and sediment) on eDNA metabarcoding of marine fishes
at offshore area of Nobeoka city in Miyazaki Prefecture. In addition, we conducted visual survey with
ROV at points 0.5-1km away from eDNA sampling sites, and then compared the observation results
with eDNA surveys. As a result, 7, 11 and 14 fish species were detected from seawater and sediment
eDNA, and ROV observation, respectively. Fish species compositions detected by water eDNA,
sediment eDNA, and ROV survey showed little agreement. Our results suggested that combination
of eDNA surveys with different sample types, and furthermore ROV surveillance can improve the

accuracy of marine fish community assessment.
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Temporal changes in concentration and particle size distribution of eDNA specific to the
spawning season
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* Naoki SHIBATA (ER&S.), Satsuki TSUJI (Grad. Sch. Sci. Kyoto Univ.)
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In the spawning season of fishes, released sperm rapidly increase the concentration of their eDNA in
water. As the sperm-derived DNA is released in water only during the spawning season, the dynamics
of eDNA is expected to differ between the spawning and non-spawning seasons. Thus, understanding
the state and dynamics of eDNA specific to the spawning season will provide important information
for detecting the spawning events and for interpreting results in long-term monitoring. In this study, to
understand the dynamics of eDNA in spawning season, we investigated the diurnal changes in eDNA
concentration in the spawning season of Ayu and the difference in the particle size distribution of Ayu

eDNA before and after their spawning events.




PP004#

THAAORELEZWIICBIZBRBEDNA XX N—2—F 4 ¥ 7 DikH

Attempt of fish eDNA metabarcoding in a lake with algal blooms
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*Qianqian WU, Masayuki K. SAKATA (Kobe Univ.), Deyi Wu (Jiao Tong Univ.), Hiroki
YAMANAKA (Ryukoku Univ.), Toshifumi MINAMOTO (Kobe Univ.)
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Environmental DNA (eDNA) metabarcoding techniques have been applied to biodiversity
investigations in aquatic ecosystems. However, no study has yet tested whether this technique is
effective for water bodies with extensive algal blooms. In this study, fish eDNA metabarcoding was
conducted in Lake Taihu where frequent and extensive algal blooms occur. Twenty-seven freshwater
fish species were detected in total. Under algal blooms, the water volume processed by filtration was
reduced that likely caused the reduced number of species detected, while the species compositions
were not significantly different between the sites with/without algal blooms. The results suggest that
future eDNA metabarcoding studies under similar water environments should increase the amount of
filtration to maximize number of species detected.
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Degradation of environmental DNA in anoxic freshwater
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* Tatsuya SAITO (Grad. Sch. Sim Stu. Univ. Hyogo.), Hideyuki DOI (Grad. Sch. Inf Sci. Univ.
Hyogo.)
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Environmental DNA (eDNA) degradation is critical phenomenon for eDNA evaluation, but the



dynamics and mechanisms of eDNA degradation are largely unknown. The studies of sedimentary
DNA showed that the oxygen concentration in the water affect the eDNA degradation. In this
study, we conducted an experiment to test the change in eDNA degradation due to lower oxygen
concentration. We added sodium sulfite to the pond water for making it anoxic, and then, after 0-21
days-incubation, quantified the eDNA copies of common carp inhabiting the pond. Anoxic conditions
are thought to suppress the activity of microorganisms in the freshwater and consequently suppress the
eDNA degradation in the water. With preliminary results, we discuss the eDNA degradation in anoxic

freshwater.
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Fish environmental RNA enables precise ecological surveys in rivers with negligible false
positives
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*Kaede MIYATA, Hiroshi HONDA, Yasuaki INOUE, Yuto AMANO, Tohru NISHIOKA, Masayuki
YAMANE (Kao Corp.), Takamitsu KAWAGUCHI (Bioindicator Co., Ltd.), Osamu MORITA (Kao

Corp.)
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Ecological surveys play an important role in conserving biodiversity and solving environmental
problems. Although environmental DNA (eDNA) has been attracting attention, false detection of
organisms that do not already exist in the environment is an issue to be cleared, because eDNA is stable
and can persist for a long period. Use of environmental RNA (eRNA), which is easier to degradable,
is considered as the solution; however, those amount in rivers and the usefulness for ecological survey
has not fully elucidated. The comparative eDNA/eRNA metabarcoding analysis revealed that eRNA
enabled precise ecological survey with high sensitivity and extremely low false positive rate compared
to eDNA in Naka-river. Therefore, eERNA might provide a more precise ecological survey than eDNA.
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Fish fauna of the Chikugo River: Clarifying the recovery process of fish communities
after heavy rains
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Yoshihisa AKAMATSU, Ryohei NAKAO (Yamaguchi University), Ryota YOKOYAMA, Munehiro



OOTA (Civil Engineering & Eco-Technology Consultants Co.Ltd.), * Ryutei INUI (Fukuoka Institute
of Technology)
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The Chikugo River was severely damaged by the torrential rains in northern Kyushu in July 2017. In
this study, we attempted to clarify the impact of the floods on the fish fauna and the recovery process
of the fish community after the heavy rainfall by conducting annual monitoring using environmental
DNA analysis. In this study, 1 L of surface water was collected at 54 sites and analyzed by quantitative
metabarcoding. As a result of the analysis, 52 species of fishes were detected, 39 of which were native
species and 13 were alien species. In the tributaries affected by heavy rainfall, the number of both

native and alien species was low.
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Use of quantitative environmental DNA metabarcoding for basin-wide fish diversity
evaluation
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* Fumiko IMAMURA (NIPPON KOEI CO., LTD), Yoshihisa AKAMATSU, Seiji MIYAZONO,
Ryohei NAKAO, Takaya HIRAKAWA (Yamaguchi University), Yasuhiro KATO (NIPPON KOEI
CO., LTD)
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The efficient basin-wide evaluation method for riverine fish biodiversity is needed because the basin-
wide evaluation is usually time consuming and labor intensive. In this study, we evaluated various fish
diversity (o, B, and y diversity) in the river basins of the Chugoku district in Japan using quantitative
environmental DNA metabarcoding. We quantified the species diversity of each site for the a diversity,
the spatial variation of fish assemblage compositions for the B diversity, and the basin-wide diversity
for y diversity in the study system. In addition, we compared the fish diversity indexes based on eDNA



metabarcoding with the benthic animal diversity indexes based on the captured benthic animal data to
evaluate the usefulness of the eDNA-based fish diversity indexes.
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Distribution and seasonal migration of Japanese temperate bass Lateolabrax japonicus
in Yura River detected by environmental DNA
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* Hiroaki MURAKAMI, Sachia SASANO, Reiji MASUDA (Kyoto Univ.), Akihide KASAI (Hokkaido
Univ.), Yoh YAMASHITA (Kyoto Univ.)
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We aimed to elucidate the seasonal distribution of Japanese temperate bass Lateolabrax japonicus
in Yura River, Kyoto, using environmental DNA (eDNA). The survey for eDNA was conducted
nine times from March 2020 to March 2021, at 18 points from the coast to ~62 km upstream. eDNA
concentration gradually increased from March to September, during which it was detected more in
the upstream, then decreased significantly from November to January. This trend may represent the
ecology of this species, i.e., ascends a river from summer to autumn and goes down to the sea in the
spawning season. eDNA concentration was correlated with temperature. Collectively, eDNA is a useful

tool to detect seasonal changes of a target species’ distribution in a river.
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Investigation of long-term storage method of environmental DNA glass filter samples at
low and room temperature
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* Hiroki HASHIZUME (Sch. Trop. Med. Glo. Hea. Nagasaki Univ), Toshifumi MINAMOTO (Sch.
Hum. Dev. Env. Kobe Univ), Shin-ya OHBA (Fac. Edu. Nagasaki Univ), Kazuhiko MOJI (Sch. Glo.
Hum. Soc. Sci. Nagasaki Univ), Tomonori HOSHI (Inst. Trop. Med. Nagasaki Univ)
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In environmental DNA (eDNA) surveys, it is recommended to immediately freeze the samples after
collection and filtration to prevent DNA degradation. However, it is not easy to secure the logistics
to keep the filter frozen, for example, at overseas research sites. Therefore, a method to store filters at
room or low temperature for a long period was investigated. We used a glass fiber filter and conducted
storage tests for two months at temperatures of 35°C and 4°C, with three storage methods. The results
showed that the eDNA was maintained for one month at both temperatures with the storage using
DNA extraction solution. We expect that this study will accelerate eDNA research by simplifying the
preparation in tropical regions.
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Biodiversity of the surrounding habitats identified by eDNA from the excrement of
benthic invertebrates

* Kang-Hui KIM (Department of Integrated Biological Science, Pusan National University), Hyunbin
JO (Institute for Environment and Energy, Pusan National University)

Environmental DNA (eDNA) obtained from the excrement of aquatic organisms provides an important
information not only in identifying the food source of the species, but also in identifying the biodiversity
(a-diversity) of its surrounding habitats. The purpose of this study is to confirm the potential of identifying
a- diversity of surrounding habitats through the analysis of excrement of freshwater benthic invertebrates
such as Semisulcospira libertina and Radix auricularia coreana. A field sampling was conducted in
Danjangcheon, Miryang, on August 7, 2021. Each sample (S. libertina, n=18; R. auricularia coreana, n=5;
Corbicula fluminea, n=1) was put in a tube and the excrement accumulated in it was filtered. Subsequently,
extracted gDNA was amplified COI and 18S V9 regions and sequenced by capillary electrophoresis
sequencing (CES) and Next Generation Sequencing (NGS). The unique OTUs were identified through
BLASTn analysis. As a result, it was confirmed that the excrement of the samples included the nucleotide
sequence of various chrysanthemum plants such as Chrysanthhem boreale, Opisthopappus taihangensis,
and Ajania pacifica. Our results suggest that the biodiversity of the surrounding habitats can be identified
through eDNA analysis that was extracted from the excrement of benthic invertebrates, especially S.

libertina and R. auricularia coreana.
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Improved accuracy of environmental DNA metabarcoding analysis using thresholds
obtained from the defined copy number of DNA
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* Yusuke OSAKI, Kazuki WATANABE, Yuki YONEKAWA, Satoshi NAKAZAWA, Hirotaka UNNO
(RICOH Company Ltd.), Eri NISHIYAMA, Hiroaki MURAKAMI, Takahiro MATSUDAIRA (Fasmac
Co. Ltd.), Masayuki K. SAKATA, Toshifumi MINAMOTO (Kobe University)
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In the analysis of environmental DNA (eDNA) using NGS, it has been difficult to determine the
optimal read count threshold for indicating the existence of target species. We previously developed
a method to accurately control the number of target DNA using inkjet-based bioprinting. Here, we
applied this method to prepare for the standard material to set threshold. We designed some standard
sequences that resembles the analysis region of MiFish and dispensed one copy of the DNA into each
tube. We analyzed nine samples of freshwater and seawater. The presence of fish species above the
number of reads from one copy was confirmed by qPCR. Our approach is useful for setting optimal

threshold and removing false positives to support data analysis.

PP013#

BitBE DNA $iiiic X 2 o B & HBLMA I X 2 JE 5 L O Tt 2 teike
Preliminary comparison between detection of cetaceans by environmental DNA
technology and visual cetacean vessel survey
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The purpose of this study was to evaluate whether environmental DNA technology is an effective
method for monitoring the distribution of cetaceans. We used 84 water samples collected during the
visual survey in offshore sea to compare the number and location of cetaceans, and the results of
species-specific detection of humpback whales. As a result, 7 species were detected, mainly dolphins,
and 4 of them had the detection position and the sighting position adjacent to each other. Most of the
large cetaceans were not detected. Even in the species-specific detection, and the amount of DNA did
not tend to be density-dependent. Further surveys are required in areas where a large amount of DNA
is expected such as their feeding areas.
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Optimization of sampling effort for detecting fish eDNA in the open ocean
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Hokkaido Univ.)
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To estimate the optimal sampling effort for detecting fish eDNA in the open ocean, eDNA samples
with seven or eight replicates were collected in various regions using Sterivex HV (0.45 pm pore)
and analyzed by metabarcoding. A total of 837 species was detected, corresponding to 80-92% of
Chao2 estimator. Species accumulation curve indicated that over 80% of species were covered by
filtration of 12—15L in the subtropical and frigid zone in the North Pacific and the Chukchi Sea, but it
required 25L in the Canada Basin. The same examination conducted using Sterivex GV (0.22 um pore)
demonstrated that the filter with a smaller pore size was more efficient for fish species detection in the

open occan.
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Proposal for a simple extraction and detection method for environmental DNA
PR R, IR AR, KB BT (FERERBD

* Ryoji SUZUKI, Kunio KAWAMURA, Yuuko MIZUKAMI (Aichi Agric. Res. Cent.)

e Hedic, mikoGBEZ T CREKEZ 58U, fli%F v + CERIE DNA Z it 3 2 fiff 7
TERRET S5, Zhick b, —HOBFICHRZ 2 R b, KA, 950 % KigIcKRA[RETH 5,
Lambda DNA Of#KIC & 2 ENGERCIE, FHER )7 & TR TR 7.8 (5% < DNA %
MR TZ 72, 72, Zoffigikic X 24 DNA X, PCRiEZ T TR, © LA LAMPIAETO
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We propose a simple method of filtering environmental water without power using commercially
available equipment and extracting eDNA using a simple kit. This will greatly reduce the cost, time,
and labor involved in the whole process. In a laboratory test using simulated lambda DNA water, on
average approximately 7.8 times more DNA was recovered compared with the standard method. In
addition, the DNA extracted using this simple method was suitable for analysis not by the PCR method
but rather by the LAMP method. As a result, this method was considered particularly effective for on-
site detection.
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Spatio-temporal changes of environmental DNA concentration due to fish spawning
activity
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Fish spawning activities cause a sharp increase in the environmental DNA concentration and the
nuclear DNA/mitochondrial DNA ratio in the surrounding environment. Previous studies have
attempted to use this phenomenon to estimate fish spawning activities. However, the changes of eDNA
concentration and the ratio over time and distance caused by spawning activities are still unknown. We
induced artificial spawning to the carp in an experimental pool, and collected water samples according
to a certain time and distance. The results showed the eDNA concentration decreased significantly with
increasing time and distance. When the eDNA concentration reaches the peak, it showed rapid decrease

within 24 hours, and the nuclear DNA/mitochondrial DNA ratio also showed the same tendency.
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Estimation of habitat use of 4 migratory fish in8inflow/outflow rivers around Lakes
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Many migratory fish can use the Lakes Shinji-Nakaumi and their inflow/outflow rivers, but the



habitats and distribution of their fish species are clarified hardly. Moreover, the effects of water
environment and geographical factor such as weir in the rivers are poorly understood. Here, using
environmental DNA (eDNA) analysis, we evaluated the distribution of four migratory fish (sweetfish,
Japanese eel, pond smelt, and Japanese icefish) and effects of weir in eight inflow/outflow rivers
around Lakes Shinji-Nakaumi. We found that each fish could use different rivers depending on their
ecological characteristics and life histories. In addition, fish with low swimming ability (i.e., icefish

and smelt) were inhibited their migration behavior by the weirs in the rivers.
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Testing detectability of pollinators' eDNA from flowers
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We investigated eDNA from floral organs of Momordica charantia of which pollinator species are
known, and assessed whether DNA of pollinators is detected from anthers and stigmas. In September
2020, we collected the flowers that were recorded on video, and performed eDNA metabarcoding of
each floral organ, using a primer set targeting COI region. Twenty orders of Metazoa were detected,
and the number of reads was high in petals, and low in anthers. Among known pollinators of M.
charantia, Halictidae was the only detected taxon from anthers and stigmas, whereas other pollinators
(e.g., Apidae and Scoliidae) were not detected. By compared with the video data, we will discuss
which ecological traits of flower visitors influence detectability as eDNA from flowers.
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Use of eDNA analysis for grasping the abundance and habitat use of hatchery-raised fish
in river tributaries before and after a massive flood event
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We used the environmental DNA (¢eDNA) analysis to examine differences in the abundance and
habitat use of hatchery-raised fish in the river tributaries before and after the massive flood event. Our
results indicated that the fish eDNA concentrations were negatively related to the revetment rate and
positively related to the discharge in the study sites before the flood event. In contrast, after the flood
event, the discharge was not significantly related to the eDNA concentrations. This was largely because
the eDNA concentrations in the large tributary sites have significantly decreased due to the flood event.
These results suggest that the effects of the flood event on the target fish could vary with the stream
size of the study sites.
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Evaluation of genetic diversity of an endangered fish Gnathopogon caerulescens using
environmental DNA
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Environmental DNA (eDNA) metabarcoding has recently been applied in monitoring intra-specific
variations. Accurate denoising of erroneous sequences that arise during sequencing library preparation
and sequencing run is mandatory for detailed evaluation of genetic diversity of populations. In this
study, we focused on an endangered fish species Grathopogon caerulescens and developed a method
for estimating the haplotype frequencies in their populations. By analyzing eDNA samples collected
around Lake Biwa, the genetic diversity among the local populations of the species was evaluated.
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The investigation of fish fauna in urban and agricultural floodplain streams and
channels in Kofu basin

* /Nt —I1E (YRCE-Breh) , JNEME mer- R MERH (UAL KB - #e&0H90) VAL AR (LA -



WEHE). Pk EE (YRCE - Hi3)
* Kazumasa KOIKE (YRCE), Sakiko YAEGASHI, Kazuaki OTSUKI, Kouta TOMARU (Univ
Yamanashi), Masahiro ITOU (YRCE)

KN DLEIRE z2 i 2/ - FPEKES L, AR feith, TSR & ok~ 72 UEREG T %
MFT5, 2Dk, K& L TABMIREEZEPRE W LB FRIND D, ZOMMH
O FESE XKV, Z & TR P FEt o /NI B X CRPEKE 2R, Bi5E DNA
DARN—T—F 4 VIR K B RBEHOTEZIT o 72, 2020 4 10 AICHR XKD 8 Himi TBR
BiKZ$K L, MiFish Z2 v CHEERENT 2 M L 72, £ Of5E, ENOLE Rl <R
51 B LR R KA S R IC 22 C O Ptk ©% < it d vz, —J5, WEH o Bk
TR Z T, ARTh AL MBI I N, £, WRXKIEE L) TR T T
W B HRAE - EIPSRERIEIZIEN Iz L A R I e b o 7o T /NI O F R IC R 2 BRE
LRNE, NN HRAA T & OEGEME R NGB 7 2P E L Tw 2 2 eI N5,

The ecosystem in floodplain rivers and channels flowing urban and agricultural areas is expected to
have larger and various anthropogenic impacts. However, their fish fauna is surveyed less frequently.
This study investigated the fish fauna of small-scale streams flowing through urban and agricultural
areas in the Kofu Basin using the environmental DNA meta-barcoding method. Stream water samples
were collected from 8 sites in Kamata River and Kiyokawa River in October 2020. MiFish method
was employed for DNA barcoding. As a result, some specialists for floodplain (i.e., carps, loaches)
were found in the downstream area. On the other hand, we also found some common species in the

mainstream (i.e., Kamanashi River) close to the study area in upstream sites.
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Identification of Ayu spawning events using environmental DNA-examinations using
nuclear and mitochondrial DNA-
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Recent studies showed that fish spawning and its intensity could be evaluated by comparing pre-
and post- spawning eDNA concentrations or nuclear to mitochondrial DNA ratio (RAG1/Cyt b ratio).
We evaluated whether spawning of the Ayu Plecoglossus altivelis altivelis could be identified using
RAGTI in comparison to Cyt b. Surveys were done biweekly at three sites in the lower Takatsu River,



between early October and early December in 2020. During the spawning season, RAG1 and Cyt
b concentrations rose after sunset. The trend was more profound for RAGI. In contrast, the RAG1/
Cyt b ratio did not increase daytime to nighttime in some of the samples. The results indicated the
applicability of both primer regions for identifying spawning of the Ayu.
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Environmental DNA approach complements citizen science to detect an endangered
freshwater stingray species in the wild
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We explore the use of a low-cost eDNA barcoding approach for detection of an endangered freshwater
stingray species (Fluvitrygon kittipongi) in a tropical river system in Peninsular Malaysia. We designed
species specific primer for a fragment of F. kittipongi cytochrome oxidase subunit I mtDNA (244 bp). The
effectiveness of this primer was evaluated using water samples from the Pahang River that had records of F.
kittipongi based on citizen science reports. Five out of 14 water samples taken along the upper and middle
reaches of the Pahang River showed positive amplification. This represents the first successful application
of eDNA to detect freshwater stingrays in Malaysia. Using a combination of freshly obtained samples,
photographic evidences from citizen scientists and eDNA application, this study provides formal records
of F. kittipongi in Malaysia, specifically in the three major river systems of Perak River, Pahang River and

Kelantan River.

PP024#

X OBBE DNA phiiciliL 2= 7 =4 > 7Y v 7o B

Study on air sampling method suitable for environmental DNA analysis in the air
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Environmental DNA analysis has been mainly applied to organisms in water. However, there is a high
possibility that trace amounts of DNA from birds and mammals are suspended in the air, and there is a
potential for monitoring of organisms over a wide area using environmental DNA analysis as well as
in water. In this study, we investigated the optimal air sampling method to determine the presence or
absence of birds and mammals from environmental DNA in the air by conducting indoor and outdoor
experiments using three different air sampling methods.
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Environmental DNA is rapidly growing as a powerful tool for biodiversity observation. ANEMONE
is an eDNA observation network launched in 2019 in Japan. In cooperation with the Japan Fisheries
Research and Education Agency, The eDNA Society, JaALTER, JAMBIO, and other organizations,
researchers, government agencies, and citizen volunteers from across Japan are collaborating to
conduct multi-site eDNA observations in coastal areas, lakes, and rivers using a unified method. In
2020, 45 coastal sites, 23 river/lake sites, and 40 groups of citizen volunteers participated. ANEMONE
is operated in the spirit of open data science and the observation data will be made freely available
within six months after observation, which is expected to contribute to biodiversity conservation and

sustainable use of ecosystems.
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Metabarcoding and real-time PCR for cyanobacteria
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Phytoplankton often proliferate in still waters and can produce harmful secondary metabolites.
Cyanobacteria that produce geosmin and 2-methylisoborneol (2-MIB), which cause foul odors, can
cause water supply failures when they occur in source dam lakes. Although cyanobacteria of the genera
Dolichospermum and Psudanabaena mainly produce geosmin and 2-MIB, not all species (or strains)
of the same genus produce them, and it is not possible to determine whether they are harmful algal
strains by morphological observation alone. As a method for monitoring the occurrence of harmful

algal strains, we tried a detection method using metabarcoding of the 16STRNA gene region and real-



time PCR of genes related to odor production using environmental DNA extracted from water filters as
samples, and verified its effectiveness in terms of the ability to identify and detect algal strains.
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In environmental DNA metabarcoding, index sequences are added to identify the origin of the sample,
and then sequenced by Illumina's high-throughput sequencer. However, the index sequences are often
interchanged and then, the origin of the sample can be incorrectly determined. This is known as index-
hopping. For solving this problem, Esling et al. (2015) suggested to use dual-indexing and unused
index combinations for estimating distribution of the number of sequences caused by index-hopping.
In this poster, I will describe their original implementation overestimate the distribution of the number
of sequences caused by index-hopping, and suggest a solution of this problem.
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Development of the environmental DNA chip for the detection of non-native fishes and
its application in dam reservoirs
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In this study, we developed the environmental DNA (eDNA) chip as a simple method for the detection
of three non-native fishes (largemouth bass, smallmouth bass, and bluegill sunfish). Developed an
eDNA chip accurately detected three non-native fishes from the water samples collected in five dam
reservoirs. The results of the eDNA chip well corresponded with those of the real-time quantitative
PCR (qPCR). However, the detection rate on the eDNA chip was slightly lower than the gPCR. For
the establishment of the eDNA chip as a detection tool of non-native species, further improvement and

simplification of the eDNA chip should be needed (e.g., increase of detection rate and target species).
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How introduce environmental DNA into riverside census?
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(Public Works Research Institute)
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Information on the habitat of creatures in rivers is the most basic and important information for
restoring river to ecological vibrancies. Since 1990, the Ministry of Land, Infrastructure, Transport and
Tourism of Japan has been grasping this information through the national census on river environment.
In 2019, a national survey was started to incorporate the eDNA for grasping fish information in river.
70% of species of fish was matched between direct sampling and eDNA census result, while selection
of water sampling points and water sampling-analysis were varied. eDNA will be introduce into river
national census on river environment after optimizing based on eDNA analyzing result on more than

2000 points of river and dams.
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Feasibility of environmental DNA analysis in habitat surveys of fish species as indicators
of environmental quality standards
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Manabu KASHIWABARA, Toyokazu KOGA, Taeko ISHIMA, Yohei KANEKO (Fukuoka Institute of
Health and Environmental Sciences (FIHES)), Takashi MIYAWAKI (The University of Kitakyushu),
Nobuhiro SHIMIZU, Gensei MATSUMOTO, Yuko ISHIBASHI (FIHES)
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Environmental quality standards for conservation of aquatic life are classified according to the

Wik

adaptability of aquatic organisms with water temperature as a factor. In this study, we compared
the detection of fish species by eDNA analysis with collection surveys conducted in seven rivers
of the Chikugo River system to investigate whether eDNA metabarcoding can identify fish species
serving as indicators for typological evaluation. As a result, both cold-water indicator species such as
Oncorhynchus masou masou and Cottus pollux, and warm-water indicator species such as Cyprinus
carpio, Zacco platypus, Pseudaspius hakonensis, and Silurus asotus were detected by eDNA analysis
in all rivers where these species were identified in collection surveys, indicating the high detection
power of eDNA.
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MiDeca as an effective tool to study Crustacean diversity in Mangrove Ecosystem

* Tadashi KAJITA, Maria Daniela ARTIGAS RAMIREZ, Shinnosuke KAGIYA (TBRC Univ.
Ryukyus), Yukuto SATO (Faculty of Medicine Univ. Ryukyus), Hiroto NAGAI (Faculty of Science
Univ. Ryukyus), Ayano MUKAI (Harvard Univ.), Tomoyuki KOMAI (Natural History Museum and
Institute Chiba), Hideyuki IMAI (Faculty of Science Univ. Ryukyus)

We explored the potential use of MiDeca DNA metabarcoding as an effective biomonitoring tool for the
biological diversity in the mangrove ecosystem. Using the water samples collected from some mangrove
rivers on a subtropical island, Iriomote, Japan, we compared the species diversity data detected by MiDeca
metabarcoding. The result suggested the influence of tidal time for detection by water sample, which
would be associated with species' behavior. Among the 19 families of Decapoda, the top common family
was Palaemonidae, Callianassidae, and Upogebiidae; and for 30 genera, the top common genus was
Lepidophthalmus, Upogebia, Palaemon, and Macrobrachium. Among about 50 Decapoda species, the
most common species were Lepidophthalmus tridentatus, Upogebia yokoyai, Palaemon debilis, and Scylla

serrata.
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Detection of signal crayfish in Lake Inawashiro by environmental DNA analysis
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Lake Akimoto is on the north side of Lake Inawashiro, and lake water flows into Lake Inawashiro
through the Nagase River. The invasive alien species, the signal crayfish, inhabits Lake Akimoto,
and there is concern that the flow will invade Lake Inawashiro. In this study, we conducted a survey
of signal crayfish in the streams and Nagase rivers in the northern part of Lake Inawashiro by
environmental DNA analysis. As a result, although no positives were detected in Lake Inawashiro,
positives were detected in both rivers in the northern part of Lake Inawashiro. In other words, it is
considered that the distribution of signal crayfish could be grasped at an early stage by environmental
DNA technology.
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A simplified method for the detection of geosmin-producing cyanobacteria in reservoirs
using ultrarapid qPCR
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Dept. Public Construction Projects Bur. City of Kobe), Taketoshi SHIMIZU, Takuya ODA (Water
Quality Lab. of Kobe Waterworks Bur.), Takahiro KUBO (Grad. Sch. Simul. Stud. Univ. of Hyogo),
Hideyuki DOI (Grad. Sch. Inf. Sci. University of Hyogo)
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We validated a simplified qPCR method which target the geosmin synthase gene (geoA) for
the detection of geosmin-producing cyanobacteria in reservoirs. We measured cell numbers by
microscope, analyzed the copy numbers of geosmin synthesis gene by qPCR, and determined geosmin
concentration by PT-GC/MS. We analyze the relationship between three elements of the above,
and found good correlation between cell density and gene copy numbers. Results strongly suggest
that the qPCR-based method is applicable for accurate detecting and tracking geosmin-producing

cyanobacteria in drinking water reservoirs.
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Compensation of water quality influence to e-DNA analysis
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The e-DNA Society has published ‘Environmental DNA Sampling and Experiment Manual’.
Although it is widely recognized as giving relatively high yield, we realized the yield sometimes varies
more than one order of magnitude depending on water quality and extraction method. This interference
makes quantitative discussion of e-DNA complicate. Last year, we proposed to add “Unique DNA”
as “Internal Control” into water sample before filtration for direct comparison of experimental results.
This year, we made a series of experiments that include the water sample from different locations
and the different timings to confirm the effectiveness of “Internal control”. In this experiment, we
identified, ATL can be good candidate rather than AL to have stable result.
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Accounting for species detection errors in environmental DNA metabarcoding:
hierarchical modeling and its practice
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Although eDNA metabarcoding is a non-invasive and cost-efficient method for species detection,
false negatives occur due to various factors in the inherent multistage workflow. Accounting for false
negatives is therefore important to achieve reliable ecological monitoring via eDNA metabarcoding.
Here, we introduce a novel analytical framework using a multispecies site occupancy model to remedy

this problem (Fukaya et al., Methods Ecol. Evol., in press). It allows the analysis of the sources of



variation in the detectability of species throughout the different stages of the workflow and the design
of surveys that optimizes the effectiveness of species detection with a limited budget. This framework
will be implemented in an R package. We show the flow of data analysis using this package.
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Is it possible to replace capture surveys? -Impact of primers and DNA databases on
macroinvertebrate detection-
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* Yuta HASEBE (Kanagawa Environmental Research Center), Toshifumi MINAMOTO (Kobe Univ),
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SEKI (Plant Bio. Co. Ltd.), Tomoyasu SIRAKO (IDEA Consultants Inc.)
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For macroinvertebrates, there are many target species and taxonomic groups, and it is difficult to
detect all species with a single primer. It is also difficult to detect all species with a single primer
because of the insufficient DNA database in some regions targeted by the primers. In this study, we
developed a database of mitochondrial DNA of macroinvertebrates in Kanagawa, focusing on aquatic
insects such as Ephemeroptera, Plecoptera, Trichoptera, and Odonata, and conducted a comprehensive
analysis using multiple universal primers targeting the mitochondrial region. In addition, we conducted
a comprehensive analysis of the mitochondrial region using multiple universal primers. As a result, it

is possible to detect various taxa, but it is important to maintain the DNA database.
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The Effect of Static Electricity on Contamination in Environmental DNA Analysis
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One of the most annoying problems in performing highly accurate environmental DNA analysis is
contamination. Although countermeasures are described in the survey and experiment manuals of the
eDNA society, it is not only very difficult to completely eliminate contamination, but in most cases
the cause of contamination is not clear. In the semiconductor and pharmaceutical industries, where
contamination is a major concern, static electricity has been cited as a major factor, and various
countermeasures have been implemented. Contamination in environmental DNA analysis is similar
in terms of "contamination of trace substances", and static electricity from laboratory equipment
and supplies is considered to be one of the factors. Therefore, the effect of static electricity on

contamination in environmental DNA analysis was examined.
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Environmental DNA Meta-barcoding Analysis by Long Reads using the PacBio Sequel
IIe system

* Yoshihiro HANDA, Keiko TSUCHIKANE, Satsuki TSURUTA, Nobuyuki MOROHASHI, Koichiro
NAKANO (Bioengineering Lab. Co. Ltd.)

Environmental DNA technology has developed rapidly in biological surveys of water environments and
evaluation of biodiversity. Especially, estimation of fish communities using fish universal primer MiFish
are widespread worldwide. However, MiFish has problems that cannot be distinguished from species
and subspecies in some groups such as carp and gobies. Therefore, we newly designed two types of fish
universal primer gFish (amplification length: about 1,100 and 1,700 bp) to increase the resolution. In this
study, the amplified libraries using three primers including MiFish were sequenced using the MiSeq and
PacBio Sequel Ile (HiFi mode). In this presentation, we would like to discuss the advantages and limitations

of decoding long DNA regions.
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Marine fish survey using environmental DNA metabarcoding during water quality
monitoring
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Monitoring of public waters is an essential program for environmental administration. This report
presents the results of a fish survey using eDNA metabarcoding on water samples collected during
the monitoring of public waters in Kobe City. Water samples were collected and analyzed six times
a year, at 22 sites which are the same as those for the water quality monitoring. The number of fishes
detected in the survey was 167 species in 79 families. eDNA metabarcoding is a very effective method
to understand seasonal and spatial variations of fish fauna in a highly efficient manner. The addition of
biological indicators to chemical indicators, such as phosphorus and nitrogen, is expected to make the

evaluation method easier for citizens to understand.
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Detection of water birds using environmental DNA of sediment and water and water
residure in Isahaya Flood Regulation Pond.
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Although some reports have demonstrated the potential of the avian eDNA metabarcoding using a
universal primer set “MiBird” for assessing bird community, there are few studies conducted in wild
environment. In this study, we validated the ability of the DNA metabarcoding analysis to assess bird
community at Isahaya Flood Regulation Pond. We collected different type of environmental samples
(water and sediment), and also water samples by plankton net. As a result, a total of 18 species of
birds were detected. The number of species detected in water and sediment from the same sampling
point was almost equal, though including different species. In addition, all the bird species detected by
eDNA analysis was confirmed by visual survey. Though the number of species detected from eDNA

was small, our results demonstrate that eDNA metabarcoding can detect birds in natural environment.

PP041

I B BGR B iRt 30 2 W S&AE, BokEL BRAOKEN OB DNA 2 X % fi
HRER I

Comparison of fish detection results by environmental DNA according to tidal
conditions, water sampling volume, and water sampling depth in the coastal waters of

Suooshima, Yamaguchi Prefecture
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We analyzed water sample using eDNA metabarcoding with MiFish primer to survey fish community
in coastal habitats of Suo-Oshima Island. In this survey, we compared the results of eDNA analysis
according to three sampling conditions: tidal conditions (rising tide and high tide), the volume of
sample water (5L and 10L), and the depth of water samples (surface [0.5m] and Im above the sea
bottom). As a result, more fish species were detected from 10L water sample than 5L, whereas tidal
conditions and the depth of water samples did not affect the number of detected fish species. Our
results suggested that the detection efficiency by eDNA can be improved by increasing the volume of

sampling water in sea area, although standard of required sample water volume is 1L in freshwater.
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Fundamental study for the development of a passive sampling method on the
environmental DNA surveys
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In the environmental DNA (eDNA) surveys, a sampling location and time are important issue
to reduce the lack of species diversity and abundance. However, the standardization of sampling
methods is very difficult due to the differences in the best sampling timing and location at each
survey site. In this study, to develop an effective sampling method for eDNA surveys, we evaluated
the species detection capability of natural sponges as a passive eDNA sampling tool using fish eDNA
metabarcoding. We compared the difference in species detection capability of fish eDNA between
water samples collected from submerged sponges with 24 hours and water samples collected at each

time point.
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Development of eDNA detection system for evaluating abundance and reproduction of
freshwater mussels in the Ishikari River Floodplain

* Junyi WU (Graduate School of Env.Science Hokkaido Univ.), Takashi KANBE (Research Faculty of
Agriculture Hokkaido Univ.), Hiroki MIZUMOTO (Japan Fisheries Research and Education Agency),
Hokuto IZUMI (Graduate School of Env.Science Hokkaido Univ.), Itsuro KOIZUMI (Faculty of Env.
Earth Science Hokkaido Univ.), Hitoshi ARAKI (Research Faculty of Agriculture Hokkaido Univ.),
Junjiro NEGISHI (Faculty of Env.Earth Science Hokkaido Univ.)

Unionoida provides important ecological functions in freshwater ecosystems but is recognized as one of the
most imperiled groups worldwide. Buldowskia iwakawai, which breeds in winter when lakes are frozen,
suffers from population decline in Ishikari oxbow lakes. We aimed to develop an eDNA method to monitor
B. iwakawai more efficiently throughout the year. We designed a species-specific primer set based on COI
gene combined with optimal qPCR protocol to identify B. iwakawai by differentiating the target species
from five coexisting closely-related species. This primer set will be applied to environmental water as well
as water in the experimental tanks. The forthcoming results include the relationships between eDNA copy

number and hand-collection CPUE, and between eDNA copy number and gravidity levels.
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Examination of the Egeria densa abundances in the tributaries in the downstream
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O DGR O FI/KEE D T3 Z= i 28 L CYI M DGR IC 72 o T 3[RV S 7z,
The overgrowth of Egeria densa in the downstream segment of the Haji Dam is one of concerns in
the Gonokawa River. We estimated the abundances of E. densa in the mainstem and tributaries in the
downstream segment of the Haji Dam and examined the environmental conditions that could be related
to the abundance. Our results indicated that the E. densa abundances of some tributary sites could be
higher than those of mainstem sites. In addition, the seasonal changes of the E. densa abundances in
the artificial tributaries could be lower than those of the natural tributaries. These results suggest that
the artificial tributaries could be the constant sources of E. densa to the mainstem in the study system.
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Development of eDNA metabarcoding assay targeting nuclear DNA as a marker for fish
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Recently, the use of eDNA metabarcoding methods has been developed as a monitoring tool for fishes.
The most common universal primers use the mitochondrial 12S rRNA region as a marker, but there are
some closely related species that cannot be distinguished by this region. On the other hand, the nuclear
rRNA gene has more variable regions, referred as ITS regions, and the use of ITS region as a marker
may provide better taxonomic resolution. In this study, we designed a new eDNA metabarcoding assay

using the nuclear ITS2 region as a marker and tested its applicability.
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eDNA survey on distribution of domestic alien freshwater shrimp, Paratya compressa, in
Hokkaido
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In this study, we aimed to clarify distribution of Paratya compressa which is a domestic alien
freshwater shrimp in Hokkaido. We developed P. compressa specific eDNA detection system, and
applied it to water samples collected from 45 rivers in Hokkaido. As a result, we found P. compressa
eDNA in 14 rivers that are widely distributed along the Sea of Japan. In addition, the results of
statistical analysis using geographic information suggested that distribution of the species is related to

a few environmental factors including stream gradient.
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Establishment of Acheilognathus tabira tabira specific environmental DNA detection
system, and habitat survey in Lake Biwa
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N DEK R T fifiD % 7 2D DNA 288 & L 72fidhr b AF L 72 7 74 ~w— & 7'a— 723,
EEEWIACGRICO W TIIAHR R 2 M8 [ RECH 2 & 2l 0D 7z,

Acheilognathus tabira tabira is one of the bitterling species endemic to Japan and distributed in Tokai and
Kinki regions. The A. tabira tabira population has been declined rapidly, and this species is designated as
an endangered species (IB) in the Red List of the Ministry of the Environment. In this study, to survey the
habitat of 4. tabira tabira in Lake Biwa using eDNA procedure, we attempted to construct a quantitative
PCR system. As the result, using a set of species-specific amplification primers and detection probe newly
designed here, we succeeded in establishing a high sensitive qPCR system that can detect as few as five
copies of the target DNA.
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Establishment of extraction method of virus nucleotides from snakes and metagenomic
analysis of snake viruses
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We have discovered a horizontal transfer phenomenon of BovB LINE having a unique transfer
direction from snakes to frogs. With a final goal of investigation if the virus that mediated this
horizontal transmission, in this study, we involved the purification of virus-derived nucleic acids from
snakes, which has not been reported so far. We obtained viral fractions from the intestinal contents of
Dinodon semicarinatum and extracted the nucleic acids, based on the method of Baker et al. (2013).
After random amplification the nucleic acids from the viral fractions were sequenced using DNBSEQ.
The resultant NGS reads (Approximately 5 million reads) were analyzed by KRAKEN2 software and
only 0.03% reads corresponded to the virus sequence. We are reconstructing the virus fractionation

procedure.
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Use of environmental DNA analysis for grasping the abundance patterns of Egeria densa
in multiple river basins
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NI E N B O I ote, T, HEUKRICBF 244D F X2 EKICHE LGB
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It was reported that the distribution of an invasive aquatic plant Egeria densa had been spreading in
aquatic systems in Japan, causing various issues. In this study, we examined the spatial distribution
patterns of E. densa in the five first-class rivers (Saba, Gonokawa, Takatsu, Takahashi, and Ota rivers)
using the environmental DNA (eDNA) method. Our results indicated that the eDNA concentrations of E.
densa of the three rivers (Saba, Gonokawa, and Takatsu rivers) were higher than those of other rivers.
We also examined the relationships between the eDNA concentrations of E. densa and environmental
factors (e.g., riverbed slope, water temperature, etc.) in the study sites to elucidate the factors that

could cause the overgrowth in multiple rivers.
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Towards the implementation of environmental DNA metabarcoding for fish surveys in
dam reservoirs.
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A cost-effective survey strategy for the implementation of fish eDNA metabarcoding in dam reservoirs



was investigated. Thirty water samples were collected in each of six domestic dam reservoirs in spring
and autumn for fish species detection by eDNA metabarcoding using MiFish primers. In this study,
we will investigate the optimal survey strategy considering false negatives by using multispecies site
occupancy model. Specifically, the survey design (sampling season, number of samples and sequence
depth, etc.) will be examined to maximize the expected number of detected species under a budget
limitation. The appropriate survey design may differ for each dam reservoirs. Therefore, we will also

report on what characteristics of the dam reservoirs might depend on.
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Development of eDNA metabarcoding assays for Anthozoa
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Sea temperatures rise and ocean acidification due to human activities cause change of the distribution
areas of Anthozoa. In addition, there have been many reports of changes in the biota, such as a
community shift from hard corals to soft corals. However, studies on soft corals and other cnidarians
are scarce compared to hard corals, and research on biota change is insufficient. To monitor changes in
ecosystem structure and function, monitoring a wide range of taxa is necessary, and we focused on the
environmental DNA (eDNA) metabarcoding. In this study, we developed eDNA metabarcoding assays
for Anthozoa with four sets of primers, all on the mitochondrial 16STRNA gene. Using these primers,
PCR was performed with tissue DNA extracts of the target organisms. To confirm the effectiveness of

the assays, experiments were conducted using aquarium water.
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Reconstruction of 100-year dynamics in zooplankton spawning activity revealed by
sedimentary DNA
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Environmental DNA continues to develop as a powerful tool for assessing species dynamics, but its sources
remain under debate. This study applied a quantitative PCR analysis of Daphnia environmental DNA in
sediment core (sedimentary DNA) collected from Lake Biwa, Japan. Their sedimentary DNA and the
remains and ephippia, reflecting their abundance and resting egg production, respectively, were analyzed
and compared. The sedimentary DNA concentrations for 100 years were inconsistent with their population
abundance; however, they provided a good representation of the resting egg production. Our results provide
evidence that substrates released during spawning activities are significant sources of sedimentary DNA,

which provides critical insights for using sedimentary DNA as a monitoring tool for egg production dating
back 100 years.
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Estimating fish distributions in rivers using eDNA: a hierarchical Bayesian modeling
approach that takes the eDNA dynamics into account
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W7 — 2 L O IEBER) 2P T — & 5> & LW A & IR 2 FIRFICHEE 32 7 7'e — F & i
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Environmental DNA is an effective tool to estimate the distribution of organisms. For its application
to a river environment, it is essential to consider the eDNA dynamics (release, flow and decay of
eDNA). However, evaluation of those parameters is effort-demanding and can be a limiting factor
for the realization of wide-area surveys using eDNA. Here, we present a hierarchical Bayesian model
that considers the release, flow and decay of eDNA, which enables simultaneously estimating the
organism’s distribution and eDNA decay rate from multipoint eDNA data and physical environmental
data. The model is applied to the multi-site eDNA metabarcoding data in three water systems to

estimate fish distribution and DNA decay rate in those systems. Some future issues will be discussed.
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Seasonally differentiated distributions of the two smelt species in Hokkaido
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ROZER, Lo EROERPEE V) 2O TR EC e FEZXbNS,

In Hokkaido, there are two species of smelt called Japanese smelt (Hypomesus nipponensis) and the
Pond smelt (H. olidus). These two species are known to be often sympatric but genetically differentiated.
However, factors that cause reproductive isolation between the two species are unknown. In this study,
we tried to evaluate a potential barrier of the reproductive isolation between the two species using
environmental DNA. We found that in both breeding season and up-migrating season, their distributions
in Barato river, near to the mouth of Ishikari river system in Hokkaido, are different. These results suggest
reproductive isolation between the two species is presumably caused by differences in seasonal habitat use
and reproductive migratory behaviors.
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eDNA x Phylogeography: Revealing phylogeographic information of multiple species
from water samples
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The recent development of eDNA analysis technology allows us to evaluate not only species diversity
but also genetic diversity without capturing individuals by simply collecting and sequencing eDNA
in water. Furthermore, the applicability of environmental DNA analysis continues to expand by the

development of techniques for the quantitative evaluation of genetic diversity (i.e., estimating the



number of DNA copies of each haplotype rather than the number of reads), which previously been
considered difficult. In this study, as the next step of eDNA analysis, we challenged phylogeography
based on eDNA analysis. In addition, as the samples contained DNA of multiple species, we tried to
evaluate phylogeographic information of multiple species (five fishes) simultaneously by using two

primer sets.
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An attempt to estimate the biomass of the brackish-water clam using environmental
DNA
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The density (clam m™) and biomass (g m™) of the brackish-water clam Corbicula japonica have
estimated using commercial fishing implements called Jollen (sampling area 1.8 m®) or a Smith-
Mclntyre grab (0.05 m®) during June in Lake Abashiri. In this study, we investigated a correlation with
the eDNA concentration and density/biomass to consider whether the clam biomass could estimate
using an eDNA method. We found that the eDNA concentration was significantly correlated with
density/biomass (P<0.01) at 1.5-3 m depth, but there was no correlation at 4 m depth or more using
Jollen and at 5 m depth or less using the grab. These results suggest that eDNA concentrations could
estimate density/biomass of clam at 3 m depth or less using Jollen.
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Diet analysis of masu salmon (Oncorhynchus masou) using DNA metabarcoding at the
Ota River, Fukushima
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Agency), Seiji HAYASHI (National Institute for Environmental Studies)
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After the Fukushima Dai-ichi Nuclear Power Plant accident, masu salmon continues to be
contaminated because they take up radiocesium from their diet, terrestrial and aquatic insects.
Investigating the relationship between the composition of prey and the activity concentration of
radiocesium in each individual fish possibly identify the important prey resources for radiocesium
uptake. In this study, we analyzed the diet of masu salmon by DNA metabarcoding. After microscopic
observation of the contents of the digestive tract, they were subjected to DNA-based diet analysis. As a
result, many prey items that were not identified by microscopic observation were detected in the DNA-
based diet analysis. Differences in the results of the diet analysis depending on the season will also be
discussed.
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Environmental DNA detection trends in annual surveys of salamander habitats
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General habitat surveys of salamanders are often limited to visual surveys of egg distribution during
the spawning season, as it is difficult to survey adults moving on land. Therefore, we considered using
environmental DNA for habitat surveys of larva (underwater) and adults (terrestrial) after spawning.
This poster reports the results of a one-year eDNA survey of salamanders up to the spawning season,
a year following the migration of salamander egg masses. eDNA amplification during the spawning
and larva stage was confirmed, confirming low possibility of eDNA amplification during the terrestrial
period after summer. This result suggests that it is possible to investigate the habitat of salamanders
using eDNA during the period from the spawning season to the larval stage.
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Proposal of simple filtration and extraction method with Micro Channel Technology for
e-DNA analysis
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The e-DNA Society has published ‘Environmental DNA Sampling and Experiment Manual’ (e-DNA
Manual). Although it is widely recognized, the processes were designed to use it in the laboratory and
requires many steps and equipment, and it takes long time as a result. Because many steps are required,
contamination risk is getting higher. Also, the processes require “skilled operator” to have accurate and
uniform results. When we consider the usage of e-DNA widely, these processes maybe negative factor. We
propose a novel method of filtration and extraction with ‘Micro Channel’ technology. We got almost the
same qPCR results compared with ‘e-DNA Manual’ within 3 minutes.
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Evaluation of indigenous and introduced Carassius auratus populations in two isolated
islands in the Ryukyu Archipelago by Multiplex PCR methods
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Unique domestic Carassius auratus populations are confirmed in the Ryukyu Archipelago. However,
recently, habitat of artificially introduced C. auratus populations has been rapidly spreading and invading
to habitat of the indigenous species. Therefore, decreasing and extinction of the domestic species are
concerned in the Ryukyu Archipelago, especially in small island areas. The objective of this study is to
confirm existence of domestic populations in two isolated islands in the Ryukyu Archipelago, since there



were confirmed only the domestic C. auratus populations by previous studies in both islands. Because
difficulties of distinguishing the populations in morphological methods, we conducted multiplex PCR
methods. Technically, we extracted DNA from the collected fins of fishes from the rivers, ponds and
waterways, and conducted PCR to detect specific sequences.
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Investigation of aquatic insect community using eDNA meta-barcoding based on three
DNA regions
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We investigated the aquatic insect community using eDNA meta-barcoding. Water samples were
collected in Shiokawa River and Kamanashi River in 2018 November. DNA meta-barcodings were
conducted by three regions (i.e., 16S RNA, Histon 3, Cytochrome Oxidase I (COI)). Ephemeroptera
tended to be easily detected in all regions, while the order Trichoptera families were difficult to be
detected in any region. Plecoptera families were well detected in the Histon 3 region. In all regions, the
number of families obtained from environmental DNA was lower than the number obtained from field
sampling. It may be due to the uneven distribution of the DNA database and PCR bias.
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Gravity filtration for eDNA: A simple and fast filtration system without electric power
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Filtration represents an essential step to concentrate environmental DNA. The mainstream methods
have been on-site filtration using a combination of filter cartridge and syringe or suction filtration in the



lab using aspirator. The former requires time and workforce, while the latter requires a larger system
with electric power. We developed a simple gravity filtration system only hanging, connecting the filter
cartridge to 1-L sample bag via an attachment and connecting silicon hoses to the outlet. When the
filtration speed of the system was measured, longer outlet hose (the higher the suspension height) was
faster. This filtration system is practical and cost-effective; with a 2 m hose, filtration took 10 minutes
for clear seawater and 17 minutes for turbid brackish water.

PP063

Fish Diversity of Mangrove Rivers in Iriomote Island, Japan.
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The degradation of the mangrove ecosystem, including the loss of biological diversity, is a global issue. We
used MiFish DNA metabarcoding for the water samples collected in mangrove rivers in Iriomote Island to
fill the knowledge gaps on fish diversity in the mangrove ecosystem. We studied rivers of different sizes and
collected samples in several tidal times from a river. The metabarcoding data suggested more fish species
diversity in mangrove areas in larger rivers. Some sampling sites suggested patterns of fish species diversity
associated with tidal times. In total, 39 families, 63 genera, about 80 species were found in the mangrove

area of the Urauchi River bridge. The top representatives genera were Planiliza, Gerres and Favonigobius.
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Development of environmental DNA-based method for detecting small Indian mongoose
Urva auropunctata
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Small Indian mongoose Urva auropunctata, an invasive alien species in Amami-Oshima Island,
is mostly eradicated by control programs of the Ministry of the Environment. In the present study,
we established an environmental DNA (eDNA)-based method for detecting U. auropunctata as
a component of the biosecurity system to address its re-invasion into Amami-Oshima Island. We

developed a primer/probe set which is specific to U. auropunctata by comparing with mitochondrial



DNA sequences of terrestrial mammals inhabiting Amami-Oshima Island. With this set, we detected
eDNA of U. auropunctata from their drinking water pots in captive facilities in Amami-Oshima Island
and Okinawa Island. It suggests that our eDNA-based method in the biosecurity system would be

effective to detect U. auropunctata.
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Application of compact PCR system to environmental DNA analysis
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In this study, we compared the detection limit and quantification accuracy of a benchtop PCR system
(StepOne Plus) and a small PCR system (CronoSTAR), and examined the availability of the latter to
eDNA analysis. Dilution series of artificially synthesized DNA samples of Plecoglossus altivelis and
Micropterus dolomieu, and a field sample collected in the Yasu River where both species inhabit, were
analyzed under the PCR conditions of standard mode (2 hours) and fast mode (40 minutes) preset
for the benchtop PCR system. Although further investigation of the PCR conditions is necessary for
quantification in the Fast mode on the compact PCR system, the measurement results were comparable

to those of the existing benchtop PCR system under many analytical conditions.
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The three fishways at the Miyanaka Intake Dam were renovated in 2012 and are being monitored. In
order to reduce the load on the caught fish and the survey effort, we examined the use of environmental
DNA (eDNA). By using the catch survey and the MiFish method in combination, a step-by-step study
was conducted from 2017 to 2020, and a basic survey method in the fishway was established. In 2021,
the MiSeq method was also utilized for further study. As a result, it was possible to detect the fauna of
fish and the preference status of major fish species in the fishway, and it was found that the utilization
of eDNA is an effective alternative method for fishway catching surveys.
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Environmental DNA analysis to investigate Channel catfish survival
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Channel catfish (Ictalurus punctatus) is an adventive species native to North America. In Shiga, the
habitat of this species was confirmed in Lake Biwa and Seta River in 2001, and extermination activities
have been carried out since 2018. In order to use information from environmental DNA analysis for
habitat surveys, we conducted fishing surveys from September 2019 in Southern part of Lake Biwa
and Seta River and collected water for eDNA analysis. In the survey, although this species has not
been captured at all since October, the DNA of this species was still confirmed by eDNA analysis. The
result infers that though the population is very small, it has not been completely eradicated.
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A perspective on global-scale paleoenvironmental DNA analysis in marine sediment and
its applicability in Earth system science
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Over millions of years, eukaryotic planktons such as diatoms and radiolarians in surface seawaters
have submerged to the deep sea and then buried into marine sediment. Analysis of their microfossils
has played essential roles in understanding Earth system dynamics through diagnostic dating and
reconstructing paleoenvironments. Although trace paleoenvironmental DNA derived from eukaryotic
planktons has been detected in marine sediments, systematic studies have only begun. This study
extracted eDNA from deep-frozen sediment samples collected from global oceanographic settings.
We performed iTag amplicon sequencing of eukaryotic DNA and then compared sequence data with
paleoceanographic meta-data, including distribution of diagnostic fossils, biomarker proxies, etc.
Based on these results, the perspective on analytical possibilities of paleoenvironmental DNA in

marine sediment will be extensively discussed.
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It is needed to estimate the future distribution changes of riverine fishes along water temperature
increases caused by global climate changes. In this study, we used environmental DNA (eDNA)
analysis to examine the spatial distribution changes of a native fish (Ayu Plecoglossus altivelis
altivelis) along future water temperature increases in the Gonokawa and Ota rivers in the Chugoku
district in Japan. Our results indicated that the eDNA concentrations of Ayu would decrease with the
water temperature increases in the upstream river segments of the Gonokawa River and in the middle-
downstream of the Ota River, suggesting that the distribution range of Ayu in certain areas would
decrease with the global climate change.
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Development and Implementation of an Environmental DNA Research Program to
Deepen Citizens' Understanding of Ecosystems
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To promote the conservation and management of ecosystems, it is important for citizens to understand
their local ecosystems. However, it is difficult for non-specialists to research ecosystems due to the
complexity of the usual methods. Environmental DNA technology has a potential to reduce that
difficulty. Therefore, we have developed and implemented a program for non-specialists with two
focused objectives: 1) to understand local fish species using environmental DNA technology, and 2)
to reconsider ecosystems. Through this program, participants are able to deepen their understanding
and raise their awareness of the local fishes and their habitat. By advancing this event, we expect that
citizens themselves will be able to research their local ecosystem and promote conservation and eco-

friendly management.
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Detection of an endangered bitterling fish Rhodeus atremius suigensis using
environmental DNA in an agricultural channel
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* Kanoko OTSUKI, Mayuko HAMADA (Okayama Univ.), Noriyuki KOIZUMI (NARO), Tatsuya
SAKAMOTO, Kazuyoshi NAKATA (Okayama Univ.)
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Rhodeus atremius suigensis is an endangered bitterling fish designated as a Nationally Endangered
Species of Wild Fauna and Flora by the Ministry of Environment of Japan. We previously developed
the semi-quantification of environmental DNA (eDNA) of R. atremius suigensis with the species-
specific primers and probe set. Here, to validate this further, we sampled the water and subsequently
set fish traps at 48 points in an agricultural channel where R. atremius suigensis inhabits. The eDNA
concentration was highest at the nearest point downstream where R. atremius suigensis was captured,
suggesting the eDNA concentration actually reflected distribution of R. atremius suigensis. These
results indicate that our eDNA method is effective in estimating the distribution of R. atremius

suigensis in the field.
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Identifying habitats of critically endangered species, Acheilognathus tabira erythropterus
using quantitative PCR
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* Kayoko FUKUMORI, Natsuko I. KONDO (NIES), Tomiji HAGIWARA (GEF), Mirai WATANABE
(NIES), Kazuhiro KOMATSU (Shinshu Univ.), Haruyo YAMAGUCHI, Megumi NAKAGAWA, Shin-
ichiro S. MATSUZAKI (NIES)
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Acheilognathus tabira erythropterus is a freshwater fish of the family Cyprinidae. Habitats of
this species have been rapidly reduced due to increase of alien bitterling species and deteriorated
environments, resulting in difficulty in identifying individuals in natural habitats. We developed
the species-specific primer sets of this species and sampled environmental DNA (eDNA) in Lake
Kasumigaura basin. The eDNA was detected only three out of 41 sites, while it was not detected at
sites where this species has been previously recorded. These results suggested that their abundance
decreased rapidly in the study stream. Our findings can guide future studies to investigate the
habitats of other bitterling species and freshwater mussels as a spawning substrate, and highlight the

importance of conservation efforts to prevent the extinction of this endangered species.
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Finding the origin of bioaerosol in the Arctic Sea using eDNA approach
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* Jun UETAKE (Hokkaido Univ.), Jessie CREAMEAN (Colorado State Univ.)
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Biological airborne particles (bioaerosol) promote the formation of icy clouds in the upper atmosphere
or the polar region. This phenomenon is caused by the membrane protein of microorganisms or
the organic substance in the environment. However, there are very limited studies about icy cloud
formation in the arctic and information about the origin of airborne particles, which can be nuclei of
ice crystals. Therefore, we took bioaerosol samples taken every 24 hours during the cruise from the
Bering Sea to the Chukchi Sea and analyzed the spatial changes of 16S, 18S, and ITS metabarcoding
sequences. The results show the high relative abundance of moss spores chloroplast 16S in the Bering
Sea, where is relatively closer to the terrestrial area. On the other hand, fewer terrestrial bioaerosol in
the Chukchi Sea shows the spatial difference of origin of bioaerosol.
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Population decline of an endangered unionid in streams is revealed by eDNA and
conventional monitoring approaches
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* Hiroki HATA (Grad. Sch. Sci. Eng. Ehime Univ.), Kota OGASAWARA, Naoki YAMASHITA (Dep.
Sci. Biol. Ehime Univ.)
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The environmental DNA (eDNA) approach is useful to detect the presence of aquatic organisms
from water samples, especially for rare and cryptic species. Two freshwater unionid mussel species

have rapidly declined within the last three decades and are now threatened with extinction on the



Matsuyama Plain, southwestern Japan. We designed a species-specific eDNA marker targeting the
COI region of Pronodularia japanensis. We show that the distribution area of P. japanensis did not
change between 2013-2014 and 2020, but their density decreased by 99%. eDNA of P. japanensis was
detected, with 100% success, from sites where this species was collected by hand. Furthermore, eDNA
was detected at five sites where P. japanensis was not collected but was expected to occur. This study
has established a species-specific eDNA marker for P. japanensis and this eDNA marker has been
validated as effective for surveying the distribution of this rare and cryptic species.
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Estimating the amount of larval Ayu descent on the Nagara River by environmental
DNA quantitative analysis
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Takeshi MORI, Toshinari OZAWA (Gifu High School)
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~ Detection of unknown rare species in Himi City, Toyama Prefecture ~ Survey of biota (fish
species) in the Busshoji and Moo river systems using environmental DNA analysis ~
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* Takeki IWATA, * Miyu ITOU, Ichigo KAJI, Tomoya KOTAKE, Aika NISHIMURA, Tadaharu
OHNO, Takumu NODA, Naoki WADA (Osaka High School Science Research Club), Teppei
TANIWAKI (Osaka High School), Yuji YAMAZAKI (University of Toyama)
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Vegetation characteristics in eel habitat
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* Airi OGAWA, Midori KAKU, Kensuke MATSUDA, Syunsuke KOUSAKA, Soichiro MINAMI
(Tennoji High)
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It was hypothesized that the habitat of Japanese eels has peculiar vegetation and may have some
influence on the growth of Japanese eels. We believe that finding a relationship with vegetation can
contribute to the conservation of Japanese eels. 1 L of water was collected at 10 ponds in Hyogo and
Nara prefectures and analyzed. The vegetation survey was saved as image data and later identified at
the Osaka Museum of Natural History.
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Relationship between COD and phosphate concentration in eel habitat
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* Nana SAKURALI, Sinobu KASE, Megumi YOSHIHARA, Korin YAMAMOTO (Tennoji High)
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By measuring the COD and phosphate concentrations in the Japanese eel habitat, we considered
comparing the levels of water pollution in that habitat. 1 L of water was collected and analyzed at
10 ponds in Hyogo and Nara prefectures. The water quality survey was conducted locally using an

inspection kit.
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Aiming to identify the habitat of the rare species Libellula angelina :Designing Primers
with Specificity
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Haruto SHIMBA, Ren MORISHITA, Seiya MATSUMURA (Kakegawanishi High School, Nature and
Science club)
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Okegayanuma wetland in Iwata city, Shizuoka Prefecture is known as the only place in the Prefecture
where Libellula angelia is distributed. Local people have conserved the wetland for a long time.
We have participated in Libellula angelia conservation such as doing maintenance of an artificial
lake, preparing for Libellula angelia’s birth and dredging emergent plants to give them places to lay
eggs, since March 2021. A previous research group in our school created a machine for collecting
environmental DNA from air. We are updating that machine so that it can collect DNA from Libellula
angelia. We programed the machine to get it available in the condition of the temperature range and
the humidity range of only Libellula angelia’s life, using Arduino Uno, Solid State Relay (SSR),
ACMI1602A and HIH6130. HIH6130 perceives temperature and humidity. SSR turns the machine on/
off, depending on the information from HIH6130. ACM1602A makes it possible to show whether the
machine is on/off. Arduino Uno is the circuit board which has on/off ports and sketches. It can be used
widely, depending on how we set electronic components and circuits. Also, we are designing a primer
in order to collect its environmental DNA and identify the area where endangered dragonflies live. We
are setting conditions such as Tm value and PCR annealing temperature as we design the primer. We
have succeeded in showing that the primer is effective by PCR, using DNA derived from Libellula

angelia individual.
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Detection of environmental DNA in the water in Fukui, where native rare species,
Gasterosteus aculeatus, live
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Sota OKI, Konomi SHIMANO, Keisuke MAKARA, Masaichi YAMAZAKI (Fujishima High School)
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Towards the conservation of Rosy bitterling Rhodeus ocellatus kurumeus : Development
of detection system for environmental DNA
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Honoka TSUDA, Soraki YAMAGUCHI, Takato HIRAYASU, Tatsuya HUKUI, Tsukino TAKEMOTO,
Yuichiro KASATANI (Kozu HS. Sci. Club), Yu KARATANI, Ken KAWANO, Naoya FUJIMURA
(Kozu HS.), Naoki SHIBATA (ER&S.), Satsuki TSUJI (Grad. Sch. Sci. Kyoto Univ.), Ryohei NAKAO
(Grad. Sch. Sci. Tech. Innov. Yamaguchi Univ.), Seigo KAWASE (LBM.)
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Pure populations of Rosy bitterling Rhodeus ocellatus kurumeus (ROK) are decreased by the
invasion and hybridization of the exotic subspecies, Rhodeus ocellatus ocellatus (ROO). Currently,
some populations are conserved by conservancies; however, unknown habitats are occasionally
discovered with persistent investigations. The problem in the conservation of ROK is that it is difficult
to distinguish from ROO because of the similarities of morphological characteristics between two
subspecies. Therefore, it is difficult to notice the unintentional introduction of ROO and/or hybrids.
When an unknown population of ROK are found, sequencing of tissue DNA of all individuals is
necessary to confirm their genetic purity. The purpose of this study is to develop a detection system
that can easily distinguish two subspecies through environmental DNA analysis and to contribute
to the conservation of ROK. We designed the subspecies-specific primer sets for each subspecies.
The specificity test of the designed two primer sets was performed by PCR using tissue DNA of
ROK, ROO, and some other related species, which sympatrically inhabit Osaka, Hyogo, and Nara
prefectures, Japan. In the future, we hope to work on the assessment of the genetic purity of ROK in
conservation ROK populations and the searching for unknown remaining habitats.
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Understanding the distribution of freshwater bivalves using environmental DNA analysis



in Hyogo Prefecture
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* Aika NISHIMURA (Osaka High School Science Research Club), Teppei TANIWAKI (Osaka High
School), Hideyuki DOI (Graduate School of Information Science University of Hyogo)
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Examining the Distribution of Bluegill in Takano River by Using eDNA
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Kai NAKANO, Keisuke ADACHI, Natsu YOSHIDA (Rakuhoku High School)
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Life cycle of Mahoroba salamander (Hynobius guttatus) in Ogaki City, Gifu Il
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Kosei ASANO, Ryujo SHIKANO, Chihaya YAMADA, Eisuke TANASE (Ogaki-Kita Senior High
School Nature Science Club Mahoroba Salamander Team)
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Study on the habitat of Japanese Giant Salamander (Andrias japonicus). ~ Why are
there no giant salamanders in the Ibi River ? ~
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Yugo OTA, Takuto SUGIMOTO, Rikiya ITO, Aiko KANAMORI (Ogaki-Kita Senior High School
Nature Science Club Giant Salamander Team)
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