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Abstract

The Japanese archipelago, spanning over 3,000 km from subarctic to subtropical zones
(approximately 24°N to 45°N), hosts a diverse array of coastal fish communities shaped
by pronounced latitudinal gradients. Here, we present a high-frequency environmental
DNA (eDNA) metabarcoding dataset of coastal fishes collected across the archipelago.
Using the MiFish primer set targeting a hypervariable region of the mitochondrial 128
rRNA gene, we conducted surveys at 195 sites, yielding 690 samples collected through
one-time (annual), monthly, and biweekly sampling schemes. The inclusion of high-
frequency sampling enabled the detection of fine-scale temporal variations in fish
community composition. From January 2018 to March 2019, eDNA samples were
collected along with metadata on geographic and environmental variables, including
coastal structure, wave height, tide, currents, and water temperature. The resulting dataset
comprises fish eDNA records for 1,477 species across 171 families. This dataset offers a
valuable resource for investigating fish community structure, temporal dynamics, and
biodiversity in the coastal ecosystems of the Japanese archipelago, supporting a range of

applications in ecology, conservation, and eDNA-based research.



Background & Summary

The Japanese archipelago, stretching over 3,000 km along the northeastern edge of the
Eurasia continent, encompasses a wide range of marine ecosystems, ranging from the
subarctic waters of the Sea of Okhotsk to the subtropical regions of the East China Sea
and the Pacific Ocean. This extensive latitudinal range, spanning from 45.5°N to 24.2°N,
positions Japan as a critical region for investigating the ecological dynamics of coastal
fish communities under varying climatic conditions. Japan is recognized as a global
hotspot for marine biodiversity, particularly for fish species, with over 4,300 marine fish
species recorded, accounting for approximately 25% of the world’s total marine fish
diversity [1][2]. This exceptional richness is attributed to the convergence of major ocean
currents, such as the warm Kuroshio and cold Oyashio currents, which create diverse
habitats ranging from coral reefs in the south to kelp forests in the north [3]. In addition,
the archipelago also harbors unique assemblages of endemic and migratory species,

further enhancing its significance as a biodiversity hotspot [1] [2].

Understanding the temporal and spatial dynamics of coastal fish communities is essential
for effective marine conservation, particularly in the face of climate change and
anthropogenic pressures such as overfishing and habitat degradation [4]. Traditional
survey methods, such as net sampling and visual censuses, are often labor-intensive and
limited in their ability to capture the full spectrum of biodiversity, especially for cryptic
or rare species [5]. Environmental DNA (eDNA) metabarcoding has emerged as a
transformative tool for biodiversity monitoring, enabling non-invasive detection of
species from water samples, which is particularly effective for assessing fish communities
in marine environments (e.g., [6][7]). eDNA-based methods allow for the simultaneous
detection of multiple species, including those that are elusive or present in low abundance,
thereby providing a more comprehensive view of community composition compared to

traditional methods [8].

Our dataset is the result of an eDNA metabarcoding survey conducted across 195 sites

from January 2018 to March 2019 (Fig. 1). The dataset includes 690 samples and



represents 1,496 species in 171 families of fishes, identified through eDNA
metabarcoding using the MiFish primer set targeting the mitochondrial 12S rRNA gene
[9]. All samples were collected using bucket sampling followed by on-site filtration, with
environmental metadata recorded alongside the eDNA data (see Methods). Species
identifications were verified through taxonomic, genotypic, and expert validation by
ichthyologists. The families Gobiidae (180 species), Labridae (80 species), Blenniidae
(58 species), Serranidae (48 species), and Muraenidae (46 species) exhibit the greatest
species diversity (Fig. 2). This dataset captures approximately 30% of the estimated
coastal fish diversity in the Japanese archipelago [1] and serves as foundational
community data to enhance knowledge of species diversity, distributions, and community
dynamics, supporting conservation efforts and ecological studies in this global
biodiversity hotspot. The dataset also includes detailed metadata for each sample, such as
the location, sampling date and time, coastal structure, wave height, tide, current, and

water temperature, alongside sequence and metabarcoding data for coastal fish species.

The survey generated 690 samples through one-time (annual), monthly, and biweekly
sampling schemes. In particular, the monthly and biweekly samplings captured fine-scale
temporal variations in fish community composition. High-frequency sampling offers
significant advantages for community analysis, especially in a region as geographically
and climatically diverse as Japan. Monthly and biweekly datasets allow researchers to
detect short-term ecological changes, such as seasonal migrations, spawning events, and
responses to environmental fluctuations [10]. This temporal resolution is critical for
understanding community turnover and stability, as it captures dynamic processes that
annual or sporadic surveys may overlook [11]. Furthermore, the broad spatial coverage
of 195 sites ensures that the dataset can be used to investigate biodiversity patterns and

ecological drivers across subarctic, temperate and subtropical zones.

Methods

Sampling sites

Sampling was conducted at 195 sites across the Japanese archipelago (Fig.1). Sites were



selected based on four criteria: (1) accessibility from inland areas, (2) suitability for
bucket sampling, (3) minimal anthropogenic impact (e.g., avoiding sites near sewage
discharge from fish markets), and (4) a minimum straight-line distance of 10 km between

sites to reduce spatial autocorrelation in fish community data.

Water sampling and on-site filtration

Water sampling was conducted between January 2018 and March 2019 using a 7.8-L
polypropylene bucket (Soft Bucket 8, ISETO, Osaka, Japan) attached to a 15-m nylon
rope. At each site, two seawater samples were collected using ten bucket casts per sample
to minimize bias. On-site filtration was performed using Sterivex filter cartridges (0.45
um pore size; Merck Millipore, MA, USA) and 50-mL syringes (TERUMO, Tokyo,
Japan), targeting a filtration volume of 1,000 mL per sample (range: 200900 mL in
turbid waters, in the metadata). Filters were preserved with 1.6 mL of RNAlater (Thermo
Fisher Scientific, DE, USA), sealed, and stored at —20°C. A daily filtration blank

consisting of 500 mL of purified water was processed to monitor contamination.

Environmental data

Environmental conditions were recorded at the time of sampling to provide contextual
information for the eDNA data. Weather conditions (sunny, cloudy, or rainy) were
visually observed and noted during each sampling event. Wave height was visually
estimated in meters (e.g., 0.5 m, 1 m). The coastal environment at each site was classified
into one of four types based on visual inspection: rock, sand, concrete revetment, or rock
revetment. Tidal conditions were recorded as lowest, low, high, or highest, based on tide
tables and on-site observations. Current speed was estimated by observing surface water
movement and categorized as either <1 m/s or >1 m/s. Surface water temperature was
measured using a water temperature meter, such as the YSI Pro30 (YSI Inc., Yellow

Springs, OH, USA).

DNA Extraction



eDNA was extracted from Sterivex filter cartridges using a DNeasy Blood & Tissue Kit
(Qiagen, Hilden, Germany) following Miya et al. [12]. After enclosed RNAlater was
removed, the filter cartridge was subjected to lysis using Proteinase K. Prior to lysis, a
mixture of phosphate-buffered saline (PBS; 220 pL), Proteinase K (20 pL), and buffer
AL (200 pL) was prepared and gently pipetted into the cartridge through the inlet port.
The port was then sealed, and the cartridge was placed in a preheated incubator at 56°C
for 20 minutes with an oscillation mode using a rotator (RotoFlex Plus, Argos
Technologies, Chicago, USA). After incubation, the seal was removed from the inlet port,
which was then connected to a 2.0 mL DNA LoBind tube (Eppendorf Corporate,
Hamburg, Germany) for DNA collection. The cartridge-tube assembly was placed inside
a 50-mL conical tube and centrifuged at 6,000x g for 1 minute to recover the DNA extract.
The resulting DNA extract (approximately 400 uL) was then purified using the DNeasy
Blood & Tissue Kit according to the manufacturer's protocol, with a final elution volume

set at 200 pL.

Library preparation and sequencing

A two-step PCR approach was employed for library preparation on the MiSeq platform
(Ilumina, CA, USA). For the first-round PCR (1st PCR), a mixture of four MiFish
primers was used to co-amplify a hypervariable region of the fish mitochondrial 12S
rRNA gene [9]. The primers were: MiFish-U-forward (5'-ACA CTC TTT CCC TAC
ACG ACG CTC TTC CGA TCT NNN NNN GTC GGT AAA ACT CGT GCC AGC-
37), MiFish-U-reverse (5'-GTG ACT GGA GTT CAG ACG TGT GCT CTT CCG ATC
TNN NNN NCA TAG TGG GGT ATC TAA TCC CAG TTT G-3"), MiFish-E-forward-
v2 (5'-ACA CTC TTT CCC TAC ACG ACG CTC TTC CGA TCT NNN NNN RGT
TGG TAA ATC TCG TGC CAG C-3"), and MiFish-E-reverse-v2 (5'-GTG ACT GGA
GTT CAG ACG TGT GCT CTT CCG ATC TNN NNN NGC ATA GTG GGG TAT
CTA ATC CTA GTT TG-3"). Each primer included sequencing primer-binding sites at
the 5" end (before the six Ns) and six random bases (Ns) to improve cluster separation on

the MiSeq flow cell during initial base call calibrations.

The 1st PCR for the samples and blanks was conducted with 35 cycles in a 12-uL reaction



volume containing 6.0 uL of 2x KAPA HiFi HotStart ReadyMix (KAPA Biosystems,
MA, USA), 2.8 uL of an equimolar mixture of the four MiFish primers in equal volumes
(U/E forward and reverse primers at 5 uM), 1.2 uL of sterile distilled water, and 2.0 uL
of eDNA template (a mixture of duplicated eDNA extracts in equal volumes). To
minimize PCR dropout, eight replicate reactions were performed for each eDNA template
using an eight-tube strip (0.2 puL per tube). The thermal cycling conditions consisted of
an initial denaturation at 95°C for 2 minutes, followed by 35 cycles of denaturation at
98°C for 20 seconds, annealing at 65°C for 15 seconds, and extension at 72°C for 15
seconds, with a final extension at 72°C for 5 minutes. A 1st PCR blank (1B) was included
alongside the filtration blank (FB) and extraction blank (EB) to monitor contamination.
However, to reduce experimental costs, only a single tube was used for each of the three
blanks (FB, EB, 1B) rather than performing eight replicates. After the 1st PCR, equal
volumes of PCR products from the eight replicates were pooled into a single 1.5-mL tube
and purified using a GeneRead Size Selection Kit (Qiagen, Hilden, Germany) following
the manufacturer’s protocol. The purified target products (~300 bp) were quantified using
a TapeStation 2200 (Agilent Technologies, Tokyo, Japan), diluted to 0.1 ng/uL with
Milli-Q water, and used as templates for the second-round PCR (2nd PCR).

The 2nd PCR was performed to append dual-index sequences (8 nucleotides, represented
as Xs) and flow cell-binding sites for the MiSeq platform. The primers used were 2nd-
PCR-forward (5'-AAT GAT ACG GCG ACC ACC GAG ATC TAC ACX XXX XXX
XACACT CTTTCC CTA CAC GACGCT CTT CCG ATC T-3") and 2nd-PCR-reverse
(5'-CAA GCA GAA GAC GGC ATA CGA GAT XXX XXX XXG TGA CTG GAG
TTC AGA CGT GTG CTC TTC CGA TCT-3"). The reaction was carried out in a 12-uLL
volume containing 6 puL of 2x KAPA HiFi HotStart ReadyMix, 0.35 pL of each primer
(10 uM), 3.8 uL of sterile distilled water, and 1.5 pL of the diluted 1st PCR product (0.1
ng/uL, except for the three blanks). The thermal cycling conditions included an initial
denaturation at 95°C for 2 minutes, followed by 10 cycles of denaturation at 98°C for 20
seconds and a combined annealing and extension step at 72°C for 15 seconds, with a final
extension at 72°C for 5 minutes. Prepared libraries were pooled, size-selected, and
sequenced on the MiSeq platform using a MiSeq v2 Reagent Kit for 2 x 150 bp paired-

end sequencing, with a 5% PhiX control spike-in to improve sequencing quality.
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Data Preprocessing and Taxonomic Assignment

MiSeq raw reads were processed using USEARCH v10.0.240 [13]. The processing
pipeline included the following steps: (1) merging paired-end reads, (2) trimming primer
sequences, (3) quality filtering (removal of reads with >1% error rate or length <120 bp),
(4) dereplication (excluding singletons, doubletons, tripletons), (5) denoising to generate
amplicon sequence variants (ASVs) [14], and (6) taxonomic assignment using a custom
reference database of 5,691 fish species. ASVs with >98.5% sequence identity to
references were assigned species names (MOTUs); ASVs with identity between 80% and
98.5% were clustered as U98.5 MOTUs. Non-fish sequences (<80% identity) and deep-

sea, oceanic, or freshwater species, were excluded from the dataset.

Data Records

The dataset comprises 690 eDNA samples collected from 195 coastal sites across the
Japanese archipelago. It includes two main components: (1) metadata on sampling
conditions and environmental variables (file name: CREST2018 data_site.csv), and (2)

eDNA metabarcoding data (file name: CREST2018 data eDNA.csv).

Metadata

Metadata for each sample is provided in the file CREST2018 data_site.csv, detailing
sampling conditions and environmental variables. Two eDNA samples were collected per
sampling event, each assigned a unique sample code (Sample Code 1 and
Sample Code 2) representing the replicate samples for that event. Filtration blanks were
also processed to monitor potential contamination, with associated blank codes
(Blank Code) and volumes (Blank volume mL). As summarized in Table 1, the
metadata includes the following fields; Sample Num, Sample ID Japanese,
Sample Type, Sampling Date, Sampling Time, Sampling Weather, Site Num,
Site Name Japanese, Latitude, Longitude, Environment, Wave Height (m), Tide,

Current, Water Temperature, Water Temperature meter, BAC _addition,
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Sample 1 volume mL, Sample 2 volume mL, Blank volume mL, Sample Code 1,

Sample Code 2, and Blank Code.

Metabarcoding Data

The eDNA sequence data derived from metabarcoding of the 12S rRNA gene are
provided in a separate file, CREST2018 eDNA data.csv, which contains taxonomic
assignments and sequence read counts for fish species detected across samples. As
summarized in Table 2, the file includes fields such as Family, Scientific Name,
Common_Name Japanese, Ave Identity, Ave LOD, and the columns containing read
counts corresponding to each sample code (e.g., C2018-HUA-0039). Raw sequence data
are available in FASTA format and have been deposited in the DDBJ/EMBL/GenBank
databases under accession number DRA**** | linked to the corresponding taxonomic

assignments.

Technical Validation

To ensure the accuracy of taxonomic assignments in this eDNA metabarcoding dataset,
sequences were validated using molecular characteristics regarding the MitoFish database
[17], a comprehensive repository of fish mitochondrial sequences. MitoFish was selected
for validation due to its extensive collection of fish mitochondrial genomes, including
12S rRNA gene sequences, which provides a robust reference for marine fish species
inhabiting the Japanese archipelago. Each taxon-specific alignment was manually
inspected to confirm that it represented a single taxon and to identify any divergent
sequences. Sequences were considered to belong to the same taxon if their sequence
identity was >97.5%. Sequences with identity <97.4% were realigned with additional
reference sequences from MitoFish, and taxonomic assignments were re-evaluated to
ensure accuracy. Low-quality reads (expected error rate >1% or read length <120 bp), as
well as sequences with read counts <10, were excluded to minimize false positives and

ensure high-quality sequence data for downstream analyses.

Once each multiple-sequence alignment was confirmed to represent a single taxon based
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on our criteria, a representative sequence from each taxon was queried against the
MitoFish database to verify its identity. Phylogenetic validation was performed by
constructing Neighbor-Joining (NJ) trees in MEGA7, based on aligned sequences and
MitoFish references, ensuring that sequences formed monophyletic groups with their
assigned taxa. To minimize amplification and sequencing bias, duplicate samples and

eight PCR replicates per sample were used throughout the workflow.

Usage Notes

This dataset can be used to support eDNA-based biodiversity monitoring and ecological
analyses. The eDNA data (CREST2018 data_ eDNA.csv) can be merged with metadata
(CREST2018_data site.csv) using the Sample Code 1 and Sample Code 2 fields to
correlate species presence with environmental variables. Users may also re-analyze
sequence data using the raw FASTQ files available from the DRA repository, particularly

as reference databases and bioinformatic tools are updated.

Code Availability

No custom code was used for data set construction.
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Table 1 Specimen metadata associated with each sample in the dataset

Field

Description

Sample Num
Sample ID Japanese
Sample Type
Sampling Date
Sampling Time
Sampling Weather
Site Num

Site Name Japanese
Latitude

Longitude

Environment

Wave Height (m)
Tide
Current

Water Temperature

Water Temperature met

er

BAC addition

Sample 1 volume mL

Sample 2 volume mL

Blank volume mL
Sample Code 1
Sample Code 2
Blank Code

Unique identifier for the sampling event

Japanese identifier for the sampling event

Type of sample (Sample or Blank)

Date of sample collection (YYYY/MM/DD)

Time of sample collection (HH:MM)

Weather condition during sampling (Sunny, Cloudy, or Rainy)
Unique identifier for the sampling site

Name of the sampling site in Japanese

Latitude of the sampling site (degrees)

Longitude of the sampling site (degrees)

Visually estimated coastal environment type (Rock, Sand, Concrete revetment, or Rock
revetment)

Visually estimated wave height at the time of sampling (meters)
Visually estimated tidal condition (Lowest, Low, High, Highest)
Visually estimated water current speed (<1 m/s or > 1 m/s)

Surface water temperature at the sampling site (°C)
Instrument used for temperature measurement (e.g., YSI Pro30)

benzalkonium chloride (BAC) was added for the samples or not
Volume of the first sample filtered (mL)

Volume of the second sample filtered (mL)

Volume of the blank sample filtered (mL)

Unique code for the first eDNA sample (e.g., C2018-HUA-0039)
Unique code for the second eDNA sample (e.g. C2018-HUA-0040)
Unique code for the blank sample (e.g. C2018-HUA-0041)
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Table 2 Structure of the eDNA sequence data

Field Description
Family Taxonomic family of the detected fish species
Scientific Name Scientific name of the detected fish species

Common_Name Japanese Common name of the species in Japanese
Ave Identity Average sequence identity (%) to the reference database

C2018-HUA-0039 Read count of the species in sample C2018-HUA-0039
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Figure 1. Map of the sampling sites across the Japanese archipelago.
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Figure 2. Species diversity (number of taxa, genus or species) across fish families in the

dataset, showing the number of species per family for the 84 families with more than 3

species in 147 families.
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