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ABSTRACT

Environmental DNA (eDNA) metabarcoding is a powerful tool for monitoring aquatic biodiversity in extreme environments
like the Qinghai-Tibet Plateau (QTP), where traditional methods face significant challenges. However, key knowledge gaps
remain, particularly in selecting optimal sampling substrates for target taxonomic groups and understanding substrate-specific
detection differences. Here, using eDNA metabarcoding with five primer sets (targeting mitochondrial, nuclear, and nucleoid
sequences), we systematically compared biodiversity detection between sediment and water samples collected from five sites in
the Dongjicuona Lake across the tree of life (encompassing archaea, bacteria, algae, fungi, plants, protozoa, invertebrates, fishes,
birds, and mammals). The results showed that sediment eDNA exhibited significantly higher amplicon sequence variant (ASV)
richness compared to water eDNA for most taxonomic groups. In contrast, the opposite pattern was observed for fishes, while
no significant differences were observed for fungi and birds. Community composition differs significantly between sediment
and water samples for most taxonomic groups, except for mammals. Across all taxonomic groups, 18.0% of ASVs were shared
between sediments and water, with fishes showing the highest overlap (42.6%) and archaea the lowest (4.5%). Additionally, the
percentages of ASVs contributing to major community dissimilarity (cumulatively accounting for 80%) ranged from 6.4% (inver-
tebrates) to 17.4% (protozoa), with most taxa exhibiting distinct habitat preferences. These findings support water sampling as
an effective method for monitoring fish diversity, while emphasizing the need for a multi-substrate approach to comprehensively
monitor other taxonomic groups in plateau lakes.

1 | Introduction emerged as a promising alternative approach that has the po-

tential to overcome these limitations of conventional meth-

Biodiversity in freshwater ecosystems has been profoundly
impacted by human activities and climate change, attracting
widespread attention in recent decades (Butchart et al. 2010;
Reid et al. 2019). Biodiversity conservation and manage-
ment relies on comprehensive monitoring data of biological
communities. Conventional methods for monitoring aquatic
organisms (e.g., netting, trapping and electrofishing) are
time-consuming, labor-intensive, environmentally disruptive,
and require specialized taxonomic knowledge (Jia et al. 2024).
In recent years, environmental DNA (eDNA) techniques have

ods (Rees et al. 2014; Thomsen and Willerslev 2015; Wang
et al. 2021). Environmental DNA is a mixture of genomic
DNA derived from organisms present in environmental sam-
ples, thus it can be applied for species-specific detection via
polymerase chain reaction (PCR) methods (e.g., quantitative
PCR and digital droplet PCR) and for community survey using
metabarcoding (Taberlet et al. 2018). Though PCR amplifi-
cation of DNA barcode regions for multiple taxa of interest,
coupled with high-throughput sequencing and bioinformatic
processing, eDNA metabarcoding can identify community
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composition in environmental samples (Thomsen et al. 2012).
This approach has demonstrated high efficacy in biodiversity
monitoring across prokaryotic, protistan, and metazoan com-
munities in both freshwater and marine ecosystems (Feng, Li,
et al. 2023; Jensen et al. 2021; Li et al. 2023; Stat et al. 2017).

Effective eDNA metabarcoding for monitoring aquatic biodiver-
sity critically depends on selecting appropriate sampling substrates
that must adequately represent the local taxonomic communities
(Koziol et al. 2019). The primary sampling substrate used for
aquatic eDNA metabarcoding is water, because it allows for a sim-
ple and noninvasive sampling process and easy adjustment of filtra-
tion volume (Tagliabue et al. 2023). However, sediment eDNA has
an increasingly important role in aquatic eDNA metabarcoding,
as it has a lower decay rate and higher DNA concentration of or-
ganisms (e.g., microbes and fishes) than water eDNA (Corinaldesi
et al. 2011; Sakata et al. 2020; Turner et al. 2015). Some studies
compared results of eDNA metabarcoding between water and
sediment samples in marine ecosystems and found higher OTUs
(operational taxonomic units) richness in sediments and signifi-
cant differences in community composition (Antich et al. 2021;
Brandt et al. 2021; Holman et al. 2019; Tagliabue et al. 2023; Zhu
et al. 2023). However, knowledge on similar comparisons remains
very limited in freshwater ecosystems, although a few studies col-
lected samples of water and sediment simultaneously (Holman
et al. 2019; Sakata et al. 2021). These studies primarily focused on
single taxonomic groups (e.g., fishes) and were conducted in river
environments. Significant differences in community composition
were also observed in rivers, but no significant differences in alpha
diversity were found, contrasting with results from marine envi-
ronments. Although lakes are also freshwater ecosystems, their
flow rates are markedly lower than those of rivers, resembling ma-
rine systems more closely. However, there remains a critical lack of
systematic research directly comparing water and sediment eDNA
metabarcoding across different taxonomic groups in lakes.

The Qinghai-Tibet Plateau (QTP), known as the “Asian water
tower”, has the world's largest and highest lake group and
serves as the headwater region for multiple major Asian riv-
ers (Feng et al. 2019). Aquatic biodiversity and ecosystems on
the QTP are profoundly impacted by human activities (e.g.,
hydropower development and biological invasion) and climate
change, and they exhibit particular vulnerability and sensi-
tivity to such perturbations due to their unique evolutionary
history and extreme environmental conditions (Feng, Liu,
et al. 2023; Fu et al. 2021; Jia et al. 2025; Yao et al. 2022).
However, the monitoring data of aquatic organisms on the
QTP remain extremely limited, posing challenges to conser-
vation efforts. Given the extreme conditions (e.g., cold climate,
hypoxia and limited resources) on the QTP, eDNA metabar-
coding, as an effective alternative to traditional survey
methods, is crucial for aquatic biodiversity monitoring and
conservation in this region. Although a few studies have in-
vestigated water eDNA metabarcoding in rivers in this region
(Feng, Li, et al. 2023; Gao et al. 2023; Lu et al. 2023), research
on lake water and sediment eDNA metabarcoding, as well as
their differences, remains completely lacking.

In this study, using eDNA metabarcoding with five primer
sets (targeting ribosomal DNA and mitochondrial sequences)

for sediment and water samples collected from five sites in the
Dongjicuona Lake, we investigated differences in biodiversity
monitoring between the two sample types across the tree of life,
encompassing archaea, bacteria, algae, fungi, plants, protozoa,
invertebrates, fishes, birds, and mammals. Differences in taxo-
nomic diversity and community composition for each taxonomic
group were evaluated between the sediment and water samples.
Furthermore, taxa primarily contributing to community dissimi-
larity between the two substrates were identified within each tax-
onomic group. Based on the characteristics of eDNA in sediments
and water, along with the low mobility of lake water, we hypoth-
esized that: (i) taxonomic diversity would be higher in sediments
than in water; (ii) there would be significant differences in com-
munity composition between the two substrates; and (iii) for most
taxonomic groups (except birds and mammals), these differences
should be driven by taxa with distinct habitat preferences.

2 | Materials and Methods
2.1 | eDNA Sampling and Extraction

Sediment and water samples were manually collected from
five sites of Donggicona Lake in July 2023 (35°10'-35°30" N,
98°20'-98°50’ E; Figure 1), with three replicates at each site.
Among these sites, two (G1 and G3) were densely vegetated
with aquatic plants and had muddy substrates, while the
other three (G2, G4, and G5) lacked aquatic vegetation and
featured sandy/rocky substrates. Additionally, site G4 was po-
sitioned at the outflow channel with a lotic condition, while
other sites (lakeshore zone) were typical lentic systems. Water
samples were collected using an organic glass hydrophore
and stored in sterile 1.0 L plastic bottles, combining equal vol-
umes from surface (10 cm depth), mid-depth, and near-bottom
(10cm above sediment) layers. Within 6h of collection, water
samples were filtered through 0.45um mixed cellulose ester
(MCE) membranes, which were then immediately transferred
to sterile 2mL microcentrifuge tubes and stored in liquid ni-
trogen until transferred to an ultracold freezer in the labora-
tory. Two blanks were collected by filtering 500 mL of bottled
mineral water. Surface sediment samples (0-2 cm depth, about
10 g aliquots) were collected using sterile disposable spatulas,
placed in sterile 15mL centrifuge tubes and stored in liquid
nitrogen. All reused equipment was sterilized by soaking in
commercial 10% bleach solution and rinsed with sterile water
and the water from the sampling site.

DNA extraction and library preparation were conducted in
dedicated laboratories, with all workspaces decontaminated
via UV irradiation and DNA-off reagents before use. Sediment
DNA was extracted from 5 g of each sediment sample using the
DNeasy PowerMax Soil Kit (Qiagen, Hilden, Germany) follow-
ing the manufacturer's protocol. Water DNA extraction was
performed using the DNeasy Blood and Tissue Kit (Qiagen,
Hilden, Germany) applying four times more ATL buffer and
proteinase K compared with the manufacturer's protocol and
two rounds of elution with 100 uL sterilized ddH,0 (Jensen
et al. 2023; Sigsgaard et al. 2017). An extraction blank was in-
cluded for both water and sediment DNA extractions by add-
ing no sample.
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FIGURE1 | Map of sampling sites in the Dongjicuona Lake. Each sampling site was represented by a distinct color, with accompanying photo-
graphs depicting typical environments. A pie chart for each site illustrated the proportion of ASVs detected exclusively in sediments, water, or both

sample types.
2.2 | Library Preparation and Sequencing

Five primer pairs were used to amplify mitochondrial, nuclear,
and nucleoid gene sequences for all eDNA samples and blanks.
Among them, Bact02 was used to target the 16S ribosomal
RNA (rRNA) gene region of prokaryotes (Taberlet et al. 2018).
Euka02, targeting the eukaryotic nuclear 18S rRNA gene region,
was used to amplify algae and fungi (Guardiola et al. 2015). For
plants, protozoa, and invertebrates, the modified mlCOIintF/
jgHCO2198 (Feng et al. 2025; Leray et al. 2013) was used to am-
plify the mitochondrial cytochrome c oxidase I (COI) gene re-
gion. For fishes and mammals, Tele02 was used to amplify the
mitochondrial 12S rRNA gene region (Taberlet et al. 2018). The
primers 12Sa/12Sh were used to amplify birds' mitochondrial
12S rRNA gene region (Saenz-Agudelo et al. 2022). Unique tags
(i.e., 2-3N bases and a unique eight-nucleotide sequence) were
added to the 5" ends of both forward and reverse primers for
each sample, enabling the identification of individual PCRs and
avoiding tag jumps (Coissac 2012; Jensen et al. 2021).

PCR amplifications for each primer set were carried out in qua-
druplicate, with each replicate containing PCR reactions for 30
samples and four filter and extraction blanks, and two blank
PCR reactions (36 uniquely tagged reactions total). Each PCR
reaction was conducted in 25uL volumes containing 12.5uL
AceTaq Master Mix (Vazyme, Nanjing, China), 0.5uL of each

forward and reverse primer (10 uM), 2.0 uL DNA template, 1 uL
bovine serum albumin (BSA) (20mg/mL) and 8.5uL ddH,O.
Thermocycling parameters were: 95°C for 3min, 35 or 40 cycles
(35cycles for Bact02 and 40cycles for others) of 95°C for 30s,
54 or 52°C (54°C for Tele02 and 12Sa/12Sh and 52°C for others)
for 30s, 72°C for 1 min, and a final extension of 72°C for 8 min.
Fragment sizes were verified on 1.0% agarose gel stained with
ethidium bromide. The 36 PCR products from each replicate
were pooled in equal volumes, generating a total of 20 pools (four
PCR replicates per primer set), which were then individually pu-
rified using the TaKaRa MiniBEST DNA Fragment Purification
Kit Ver.4.0. Twenty libraries were constructed using the Hieff
NGS MaxUp II DNA Library Prep Kit for Illumina (Yeasen,
Shanghai, China) and sequenced on an Illumina NovaSeq 6000
platform with paired-end reads (2x250bp for Bact02 and ml-
COIintF/jgHCO02198, and 2x150bp for Euka02, Tele02 and
12Sa/12Sh).

2.3 | Bioinformatic Processing and Taxonomic
Assignment

The raw paired-end sequencing data were filtered using fastp
v0.20.0 to remove low-quality reads and correct mismatched
base pairs in overlapping regions (Chen et al. 2018). High-quality
reads were demultiplexed and primer-trimmed using cutadapt
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v4.6 (Martin 2011), yielding sequencing data for each individual
PCR product. The DADA?2 pipeline v1.28.0 was used to generate
amplicon sequence variant (ASV) tables for each primer set, re-
cording the abundance of each ASV in individual PCR products
(Callahan et al. 2016).

The SILVA (Quast et al. 2013) and MIDORI2 (Leray et al. 2022)
reference databases were widely used for taxonomic classifica-
tion of ASVs, since they provide comprehensive and regularly
updated datasets of aligned rRNA (16S/18S/23S/28S) sequences
and mitochondrial sequences, respectively. The IDTAXA algo-
rithm in the R package DECIPHER (Murali et al. 2018), a novel
approach for accurate taxonomic classification of microbiome
sequences (e.g., 16S/18S rRNA genes), employs a machine learn-
ing model trained on curated databases (e.g., SILVA) to reduce
overclassification errors. Given that mitochondrial genes have a
higher evolutionary rate than nuclear or nucleoid rRNA genes,
BLAST is often the practical choice for their taxonomic classifi-
cation. Therefore, this study employed these two reference data-
bases and their respective tools for the taxonomic classification
of ASVs. Specificly, ASVs derived from the 16S rRNA (Bact02)
and 18S rRNA (Euka02) amplicon datasets were taxonomically
assigned using the IDTAXA algorithm (default confidence
threshold of 60), against the SILVA (release 138) reference data-
base. Such analysis provides a statistical confidence score at each
taxonomic level, allows it to stop classifying at the level where
certainty drops, preventing overclassification of novel organ-
isms. For ASVs derived from the COI (mICOIintF/jgHC02198)
and 12S rRNA (Tele02 and 12Sa/12Sh) amplicon datasets, tax-
onomic assignment was performed using BLASTn against the
MIDORI2 (GenBank265 version) unique nucleic acid sequence
of eukaryotic mitochondrial COI and srRNA databases, and the
best hits were extracted from the outfile. Only alignment results
with query coverage more than 90% and sequence similarity
more than 80% remained. Different taxonomic ranks were as-
signed based on the following similarity thresholds: >97% for
species, >94% for genus, >85% for family, and >80% for order
(Yarza et al. 2014). Any taxonomic rank that could not be as-
signed was labeled as “NA.” After taxonomic assignment, ASVs
were firstly filtered to remove those with fewer than 10 total
reads or no phylum-level assignment.

All ASVs were classified into ten taxonomic groups following
the seven-kingdom system (Ruggiero et al. 2015): (1) archaea
and bacteria were assigned according to their kingdom-level
classifications, (2) algae, fungi, protozoa and plants were clas-
sified according to their phylum-level classifications under
Chromista, Fungi, Protozoa and Plantae, respectively, (3) in-
vertebrates were identified based on the phylum-level classifi-
cations (excluding Chordata) under Animalia, (4) fishes, birds
and mammals were assigned according to their class-level clas-
sifications of Actinopteri, Aves and Mammalia, respectively, (5)
taxonomic assignments were also verified using the web tools
AlgaeBase (https://www.algaebase.org/) and World Register of
Marine Species (https://www.marinespecies.org/). Thus, ten
independent ASV tables were generated and further filtered to
(1) exclude ASVs with total relative abundances below 0.001%
in each table, and (2) remove ASVs showing higher read counts
in blank controls than in any samples. To ensure detection reli-
ability, an ASV was considered valid only when it occurred in
at least two out of four PCR replicates per sample; otherwise,

it was regarded as absent in that sample. To evaluate represen-
tativeness of the sequencing per PCR of each sample, rarefac-
tion curves were generated using the rarecurve function in the
R package vegan (Oksanen et al. 2020), and showed high con-
sistency and sufficient sequencing depth for the PCR replicates
(Figure S1). For each sample, the four PCR replicates were indi-
vidually rarefied to the median read depth of all PCR replicates
(de Carcer et al. 2011), and then aggregated by summing the
read counts.

2.4 | Statistical Analyses

All statistical analyses were performed using R based on ASV
data. Alpha and beta diversity analysis was conducted with
the R package vegan (Oksanen et al. 2020). The relative abun-
dances were obtained by total sum scaling normalization
with the function decostand. Alpha diversity (ASV richness,
Shannon, Simpson and Pielou's indexes) was calculated with
the function diversity. The Wilcoxon signed-rank test (for paired
samples) was used to assess differences in alpha diversity be-
tween sediment and water samples. Community compositional
differences were visualized by principal coordinate analysis
(PCoA) with the function pcoa, based on the Bray-Curtis dis-
similarities calculated with the function vegdist. To assess the
significance of community compositional differences between
sediment and water samples, a permutational multivariate
analysis of variance (PERMANOVA) was performed using the
function adonis2 with 999 permutations. Similarity percentages
(SIMPER) analyses were conducted to identify taxa mainly con-
tributing to dissimilarity between sediment and water samples,
using the simper function in the R package vegan (Clarke 1993).
Such analysis was not applied to birds and mammals because
they do not primarily live in water and were absent at some sites.

3 | Results

3.1 | Sequencing Results and Taxonomic
Annotation

A total of 147.85 million 16S rRNA (Bact02) raw reads, 236.62
million 18S rRNA (Euka02) raw reads, 164.46 million COI
(mlCOIlintF/jgHCO02198) raw reads, 63.27 million 12S rRNA
(Tele02) raw reads, and 241.12 million 12S rRNA (12Sa/12Sh)
raw reads were obtained across 30 samples and six blank con-
trols. After quality filtering, demultiplexing, trimming, and
read merging, the average number of sequences per PCR was:
315,007 for samples and 46,565 for blank controls for Bact02,
360,598 and 4739 for Euka02, 268,354 and 473 for mlCOIintF/
jgHCO02198, 43,779 and 2038 for Tele02, and 201,420 and 16 for
12Sa/12Sh.

A total of 75,152, 10,926, 26,049, 984, 1696 ASVs with taxonomic
assignments were primitively obtained from the libraries for
Bact02, Euka02, mICOIintF/jgHCO02198, Tele02 and 12Sa/12Sh,
respectively. Among them, 25, 20, 3, 6, and 0 ASVs were detected
in blank controls, representing 4.73%, 0.10%, 0.02%, 1.48%, and
0% of total read counts, respectively. These ASVs were dominated
by Sphingomonas, Bacillariophyceae, Onychiuridae and human
sequences, and were removed because they were either exclusive
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to blank controls or more abundant in controls than in samples.
After taxonomic assignment and removal of extremely low abun-
dance ASVs, a total of 298 archaeal, 7174 bacterial, 1228 algal, 160
fungal, 273 plant, 447 protozoan, 828 invertebrate, 31 fish, 435
avian, and 21 mammalian ASVs were retained for downstream
analysis. The dominated taxa (phylum, class or family level) were:
Crenarchaeota in archaea, Proteobacteria in bacteria, Ochrophyta
in algae, Chytridiomycota in fungi, Florideophyceae in plants,
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Discosea in protozoa, Eurotatoria in invertebrates, Nemacheilidae
in fishes, Anatidae in birds, and Bovidae in mammals (Figure 2).

3.2 | Alpha Diversity and Community Structure

The ASV richness significantly differed by the sample type for
most taxonomic groups: with sediment samples exhibiting higher
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FIGURE2 | ASV relative abundances collapsed at the main taxon levels (phylum, class, or family) for ten taxonomic groups (A: archaea, B: bac-

teria, C: algae, D: fungi, E: plants, F: protozoa, G: invertebrates, H: fishes, I: birds, J: mammals) in each sample.
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diversity than water samples for archaea, bacteria, algae, plants,
protozoa, invertebrates, and mammals (Wilcoxon test, V=113-
120, Benjamini-Hochberg (BH) adjusted p<0.01), while water
samples showed higher diversity than sediment samples for fishes
(Wilcoxon test, V=1.5, BH adjusted p <0.01; Figure 3). For fungi
and birds, no significant difference in richness was detected be-
tween sediment and water samples (Wilcoxon test, V=95.5 and
64, BH adjusted p>0.05). Similar patterns were observed for other
alpha diversity indices (e.g., Shannon; Figure S2; Table S1), further
supporting the broader diversity captured in sediment samples for
most taxonomic groups.

The PCoA plots separated the communities between sediment
and water samples for most taxonomic groups, except for mam-
mals (Figure 4). The PERMANOVA indicated significant effects
of the sample type on community composition for most taxo-
nomic groups, including archaea (F1’23:6.45, R?=0.219), bac-
teria (F1,28 =18.74, R?*=0.401), algae (F1,28 =14.79, R?=0.346),
fungi (F, ,,=12.31, R?=0.305), plants (F\,5=12.52, R?=0.309),
protozoa (F1’28=6.65, R?=0.192), invertebrates (F,.,,=6.36,
R?=0.185), fishes (F| ,5=3-46, R?=0.110), and birds (F\ =384,
R?=0.161), with all BH-adjusted p<0.01 except fishes (<0.05).
However, the mammalian community composition showed
no significant differences between sediment and water sam-
ples, with the sample type explaining only 9.4% of the variance
(PERMANOVA F| ;,=1.86, BH adjusted p>0.05).

1,28

Archaeca Bacteria

3.3 | Taxa Mainly Contributing to Dissimilarity

Overall, 18.0% of ASVs were shared between sediment and water
samples. These shared ASVs accounted for 21.9% of detected
ASVs in sediment and 51.1% in water samples, while represent-
ing 42.4% and 70.0% of read counts in sediment and water sam-
ples, respectively. The proportion of shared ASVs varied among
taxonomic groups (Figure 5), with the highest overlap observed
in fishes (42.6%), followed by fungi (32.5%), algae (22.8%), birds
(22.8%), protozoa (22.4%), plants (19.9%), bacteria (16.6%), inver-
tebrates (15.8%), mammals (6.4%), and archaea (4.5%). Shared
ASVs made high contributions to the relative abundance in
fishes (sediment: 95.8%; water: 77.7%) and fungi (87.9% and
78.1%), moderate contributions in algae (51.5% and 63.5%), birds
(37.7% and 55.7%), protozoa (41.2% and 39.0%), plants (47.4% and
17.7%), and bacteria (39.8% and 67.2%), while low contributions
in invertebrates (13.0% and 43.5%), mammals (18.0% and 31.3%),
and archaea (6.7% and 35.1%).

The SIMPER analysis was used to explore taxa that contributed
most to dissimilarity between sediment and water samples.
Ranked by contribution from high to low, in archaea, bacteria,
fungi, algae, plants, protozoa, invertebrates, and fishes, there
were 50 (16.8%), 1110 (15.5%), 86 (7.0%), 25 (15.6%), 22 (8.1%),
78 (17.4%), 53 (6.4%), and 5 (16.1%) ASVs, respectively, cumu-
latively contributing to 80% of the total (Figure S3; Table S2).
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Among them, in archaea, Nitrososphaerales (14 ASVs) and
Woesearchaeales (29 ASVs) were the main contributing taxa,
with contributions of 0.348 and 0.309, respectively, and their
read counts in sediment were significantly higher than those
in water samples (Figure 6). In bacteria, eight orders each
contributed over 0.02, among which five orders showed sig-
nificantly higher read counts in water than sediment samples.

In algae, the six classes that collectively contributed over 0.72
exhibited significant enrichment in divergent sample types,
with Bacillariophyceae and Glissomonadida in sediments, and
Dinophyceae, Intramacronucleata, and Cryptophyceae in water
samples. In fungi, Cryptomycota and Chytridiomycota were the
main contributing taxa, with the former showing no significant
difference in read counts, and the latter showing significantly
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FIGURE6 | Taxa contributing most to community dissimilarity between sediment and water samples based on SIMPER analyses. The taxonomic

levels used for exhibition varied among different taxonomic groups, including phylum (fungi), class (algae), order (archaea, bacteria, plants, protozoa,
and invertebrates), and family (fishes). * and ** indicated significant differences in read counts between sediment and water samples (Wilcoxon test,

Benjamini-Hochberg adjusted p <0.05 and p <0.01, respectively).

higher read counts in sediments. In plants, six orders collec-
tively contributed over 0.67 and exhibited significant enrich-
ment in different sample types, with Ceramiales, Corallinales,
Rhodymeniales, and Bryopsidales in sediment samples, and
Gigartinales and Zygnematales in water samples. In protozoa,
the two ASVs with the greatest contribution, differing by only
two base pairs and likely belonging to the same species, col-
lectively contributed 0.156. They were annotated only to the
Amoebozoa without further taxonomic details, and were ex-
clusively detected in water and absent from sediment samples.
The taxa contributing most to invertebrate dissimilarity was the
rotifer order Ploima (0.326), showing significantly higher read
counts in water samples, while other major contributing taxa,
including Monhysterida (0.057), Crassiclitellata (0.040), and
Coleoptera (0.039), all exhibited inverse distribution patterns
with sediment preference. All ASVs in fishes were classified into
the families Nemacheilidae and Cyprinidae, and exhibited sig-
nificantly higher read counts in water than in sediment samples.

4 | Discussion

The present study investigated the differences in biodiversity
monitoring using sediment and water eDNA metabarcoding
across the tree of life from prokaryotes to vertebrates in a pla-
teau lake. Sediment eDNA demonstrated significantly higher
diversity compared to water eDNA for most taxonomic groups,
including archaea, bacteria, algae, plants, protozoa, inverte-
brates, and mammals, while the opposite pattern was observed
for fishes. In addition, we found significant differences in com-
munity composition for most taxonomic groups, except for
mammals. Finally, this study identified taxa that contributed
most to dissimilarity between sediment and water samples for
each taxonomic group.

The present study revealed significantly higher ASV richness
in sediment eDNA compared to water eDNA across most tax-
onomic groups (e.g., archaea, bacteria, algae, plants, protozoa,
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and invertebrates), consistent with findings from two other
studies in marine environments (Brandt et al. 2021; Holman
et al. 2019). However, these findings differed from those in
riverine studies, where no significant difference in species or
ASYV richness was found between sediment and water samples
(Naro-Maciel et al. 2022; Sakata et al. 2021). This discrepancy
may be attributed to the different hydrological regimes of rivers
and lakes. Previous studies have shown that eDNA concentra-
tions are higher and degradation rates are slower in sediments
compared to water (Corinaldesi et al. 2011; Sakata et al. 2020;
Turner et al. 2015). The accumulation of sedimentary eDNA
may be driven by the precipitation of eDNA-bearing particles
from the water column, including the fecal matter containing vi-
able epithelial cells and abundant mitochondrial DNA (Wotton
and Malmqvist 2001). The slow DNA decay in sediments may
result from the adsorption of both DNases and DNA molecules,
combined with inhibitory effects of low-oxygen environments
(Corinaldesi et al. 2011; Pietramellara et al. 2009). However, in
rivers, the accumulation, spatial distribution, and preservation
time of sedimentary eDNA are significantly altered by hydrody-
namic scouring, differing markedly from conditions in lakes or
deep-sea settings. Moreover, the distinct hydrological regimes of
rivers and lakes may lead to fundamental differences in water
eDNA dynamics: eDNA signals of lake samples tend to be highly
localized, while eDNA samples in rivers may represent a spa-
tially integrated signal from the upstream (Littlefair et al. 2023).

Our results showed significantly higher fish diversity detected
in water samples compared to sediment samples, which aligned
with previous studies (Sakata et al. 2020; Zhu et al. 2023). This
finding appears contradictory to the observation that fish eDNA
is more concentrated in sediments than surface water (Turner
et al. 2015). One possible explanation is that, for fishes, the de-
tection via eDNA metabarcoding is fundamentally governed by
the organisms' activity ranges (e.g., mobility) and physiologi-
cal processes (e.g., excretion). Fishes are mobile and primarily
release eDNA into the water column through mucus, feces, or
gametes. Water is a dynamic medium where eDNA from fishes
is continuously released, transported, and mixed by currents,
tides, and other hydrological processes. This allows eDNA from
a broader spatial and temporal range to be captured in water
samples, reflecting a higher diversity of fishes. In contrast, sedi-
ments act as a sink, accumulating eDNA over time but primarily
reflecting local or historical inputs, which may limit the detec-
tion of transient (e.g., fishes) or less abundant species (Turner
et al. 2015). Such an explanation can also account for the de-
tection patterns observed in birds. In vegetated muddy habitats
(G1 and G3), prolonged avian resting and foraging activities re-
sulted in continuous fecal deposition and eDNA accumulation
in sediments, leading to higher detected taxonomic diversity
than water samples. In contrast, bare sandy/rocky areas without
vegetation (G2, G4, and G5) support only transient bird visits,
explaining the absence of avian eDNA in sediments and mini-
mal detection in water samples.

The proportion of ASVs shared between different sample types
was relatively low (overall 18.0%), but their contribution to read
counts was relatively high (42.4% in sediment samples and 70.0%
in water samples). This revealed a fundamental pattern: although
a small subset of core taxa was widely distributed and abundant
in both substrates, the major biodiversity was unique to each

substrate. This also explained why the community composition
of all aquatic taxonomic groups showed significant differences
between the two substrates. The SIMPER analysis provided
critical insights into the specific taxa responsible for the major
community differences. The strong preference of archaeal orders
Nitrososphaerales and Woesearchaeales for sediments aligned
with their known roles in benthic nitrogen and carbon cycling
(Luoetal. 2024). In algae, the enrichment of Bacillariophyceae (di-
atoms) in sediments was expected due to their siliceous frustules
preserving in benthic environments (Westacott et al. 2021).
In contrast, the predominant detection of Dinophyceae and
Cryptophyceae in water could be attributed to their planktonic
lifestyle (Sas et al. 2022). The contrasting patterns observed in key
invertebrate taxa were particularly illustrative. The order Ploima
(rotifers) was a major contributor associated with the water,
consistent with their planktonic nature (Williamson 1983). In
comparison, the orders such as Monhysterida, Crassiclitellata,
and Coleoptera are typically benthic or substrate-associated
(Snelgrove 1999), explaining their preference for sediments.

Overall, this study provided a comprehensive comparative
assessment of sediment and water eDNA metabarcoding for
monitoring biodiversity across the tree of life in a plateau
lake. First, alpha diversity was significantly higher in sed-
iments than in water for most taxonomic groups, whereas
fish exhibited the opposite pattern. Second, all aquatic taxo-
nomic groups exhibited significant differences in community
composition between substrates. Finally, the ASVs primarily
responsible for community dissimilarity largely exhibited
distinct substrate preferences. These findings justified water
sampling as an adequate method for fish monitoring, while
underscoring the necessity of a multi-substrate approach for
a comprehensive evaluation of other taxonomic groups. A
critical consideration when using sediments for eDNA me-
tabarcoding is that sediment eDNA profiles may not reflect
real-time biodiversity, due to prolonged persistence of eDNA
in sediments (Turner et al. 2015), creating a component of his-
torical biological communities.

Author Contributions

X.F. and Y.C. conceptualized and designed the study. X.F., XW., R.Z.,
Y.J., and X.S. conducted fieldwork and contributed to the acquisition
of environmental samples. X.F., X.W., and Z.Q. conducted the labora-
tory work, analyzed and interpreted the data. X.F., X.W.,R.Z., Y.J., X.S.,
Z.Q., and Y.C. wrote and revised the manuscript.

Acknowledgments

This study was supported by the National Natural Science Foundation
of China (U22A20454 and 32370559), the Second Tibetan Plateau
Scientific Expedition and Research (STEP) program (2019QZKK0304
and 2019QZKK0501), and the Finance Special Fund of the Chinese
Ministry of Agriculture and Rural Affairs of the People's Republic of
China (Fisheries resources and environment survey in the key water
areas of Southwest China).

Funding

This work was supported by National Natural Science Foundation
of China, U22A20454, 32370559. Second Tibetan Plateau Scientific
Expedition and Research (STEP) program, 2019QZKK0304,
2019QZKKO0501.

Environmental DNA, 2026

9o0f12

95U8017 SUOWILWOD SAIE81D) 3l dde ay) Ag pauienoB a1e S991Le YO ‘8SN JO'S3|NJ 40} Akl 8UIUO AS|IA LO (SUONIPUOD-PUE-SWLIS)L0D AS 1M ARRIq 1 )BU|UO//:SANY) SUO NIPUOD PUe SLWUB | 84} 89S *[9202/60/T2] U0 AriqiaulluO AS|IM ‘¥20. €UPS/Z00T OT/I0p/L02 A8 | 1M Akelq1pulUo//:SAny WO} pepeojumoq ‘T ‘9202 ‘Sv6v.E92



Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The raw sequencing data have been deposited in the Genome
Sequence Archive (GSA: http://gsa.big.ac.cn/) under accession num-
ber CRA028973. The ASV tables representing taxonomic information
and the relative read abundance of ASVs for various taxonomic groups
have been deposited at Figshare (https://doi.org/10.6084/m9.figshare.
29908553).

References

Antich, A., C. Palacin, E. Cebrian, R. Golo, O. S. Wangensteen, and X.
Turon. 2021. “Marine Biomonitoring With eDNA: Can Metabarcoding
of Water Samples Cut It as a Tool for Surveying Benthic Communities?”
Molecular Ecology 30, no. 13: 3175-3188. https://doi.org/10.1111/mec.
15641.

Brandt, M. I., F. Pradillon, B. Trouche, et al. 2021. “Evaluating
Sediment and Water Sampling Methods for the Estimation of Deep-Sea
Biodiversity Using Environmental DNA.” Scientific Reports 11, no. 1:
7856. https://doi.org/10.1038/s41598-021-86396-8.

Butchart, S. H. M., M. Walpole, B. Collen, et al. 2010. “Global
Biodiversity: Indicators of Recent Declines.” Science 328, no. 5982:
1164-1168. https://doi.org/10.1126/science.1187512.

Callahan, B.J., P.J. McMurdie, M. J. Rosen, A. W. Han, A.J. A. Johnson,
and S. P. Holmes. 2016. “DADAZ2: High-Resolution Sample Inference
From Illumina Amplicon Data.” Nature Methods 13, no. 7: 581-583.
https://doi.org/10.1038/Nmeth.3869.

Chen, S.,Y. Zhou, Y. Chen, and J. Gu. 2018. “fastp: An Ultra-Fast All-in-
One FASTQ Preprocessor.” Bioinformatics 34, no. 17: 884-890. https://
doi.org/10.1093/bioinformatics/bty560.

Clarke, K. R. 1993. “Non-Parametric Multivariate Analyses of Changes
in Community Structure.” Australian Journal of Ecology 18, no. 1: 117-
143. https://doi.org/10.1111/j.1442-9993.1993.tb00438 x.

Coissac, E. 2012. “OligoTag: A Program for Designing Sets of Tags
for Next-Generation Sequencing of Multiplexed Samples.” In Data
Production and Analysis in Population Genomics: Methods and Protocols,
edited by F. Pompanon and A. Bonin. Humana Press.

Corinaldesi, C., M. Barucca, G. M. Luna, and A. Dell'Anno. 2011.
“Preservation, Origin and Genetic Imprint of Extracellular DNA in
Permanently Anoxic Deep-Sea Sediments.” Molecular Ecology 20, no. 3:
642-654. https://doi.org/10.1111/j.1365-294X.2010.04958.x.

de Carcer, D. A., S. E. Denman, C. McSweeney, and M. Morrison. 2011.
“Evaluation of Subsampling-Based Normalization Strategies for Tagged
High-Throughput Sequencing Data Sets From Gut Microbiomes.”
Applied and Environmental Microbiology 77, no. 24: 8795-8798. https://
doi.org/10.1128/Aem.05491-11.

Feng, X., K. Chen, R. Zhu, et al. 2025. “Biodiversity and Community
Assembly of Endorheic Rivers on Earth's Largest Plateau.” Freshwater
Biology 70, no. 8: €70087. https://doi.org/10.1111/fwb.70087.

Feng, X., Y. T. Jia, R. Zhu, K. Chen, and Y. F. Chen. 2019.
“Characterization and Analysis of the Transcriptome in Gymnocypris
Selincuoensis on the Qinghai-Tibetan Plateau Using Single-Molecule
Long-Read Sequencing and RNA-Seq.” DNA Research 26, no. 4: 353-
363. https://doi.org/10.1093/dnares/dsz014.

Feng, X., B. Li, Y. Chen, R. Zhu, Y. Jia, and X. Sui. 2023. “Species-Level
Monitoring of Rare and Invasive Fishes Using eDNA Metabarcoding in
the Middle and Upper Yarlung Zangbo River, Tibet.” Water Biology and
Security 2, no. 1: 100089. https://doi.org/10.1016/j.watbs.2022.100089.

Feng, X., S. L. Liu, X. Y. Sui, et al. 2023. “Genetic Responses in Sexual
Diploid and Unisexual Triploid Goldfish (Carassius auratus) Introduced

Into a High-Altitude Environment.” Molecular Ecology 32, no. 8: 1955-
1971. https://doi.org/10.1111/mec.16864.

Fu, B., Z. Ouyang, P. Shi, et al. 2021. “Current Condition and Protection
Strategies of Qinghai-Tibet Plateau Ecological Security Barrier.” Bulletin
of Chinese Academy of Sciences (Chinese Version) 36, no. 11: 1298-1306.
https://doi.org/10.16418/j.issn.1000-3045.20210919001.

Gao, H., W. Qu, Z. Ren, B. Zhang, J. Liu, and Z. Duan. 2023. “Fish
Communities and Diversity in River Ecosystems on the Qinghai-Tibet
Plateau Revealed by Environmental DNA (eDNA) Method.” Ecological
Indicators 156: 111185. https://doi.org/10.1016/j.ecolind.2023.111185.

Guardiola, M., M. J. Uriz, P. Taberlet, E. Coissac, O. S. Wangensteen,
and X. Turon. 2015. “Deep-Sea, Deep-Sequencing: Metabarcoding
Extracellular DNA From Sediments of Marine Canyons.” PLoS One 10,
no. 10: e0139633. https://doi.org/10.1371/journal.pone.0139633.

Holman, L. E., M. de Bruyn, S. Creer, G. Carvalho, J. Robidart, and
M. Rius. 2019. “Detection of Introduced and Resident Marine Species
Using Environmental DNA Metabarcoding of Sediment and Water.”
Scientific Reports 9: 11559. https://doi.org/10.1038/s41598-019-47899-7.

Jensen, M. R., S. Hogslund, S. W. Knudsen, et al. 2023. “Distinct
Latitudinal Community Patterns of Arctic Marine Vertebrates Along
the East Greenlandic Coast Detected by Environmental DNA.” Diversity
and Distributions 29, no. 2: 316-334. https://doi.org/10.1111/ddi.13665.

Jensen, M. R., E. E. Sigsgaard, S. Agersnap, et al. 2021. “Seasonal
Turnover in Community Composition of Stream-Associated
Macroinvertebrates Inferred From Freshwater Environmental DNA
Metabarcoding.” Environmental DNA 3, no. 4: 861-876. https://doi.org/
10.1002/edn3.193.

Jia, Y., H. Zhu, T. Xie, et al. 2024. “From Source to Lake: Multi-Taxon
Alpha and Beta Diversity Patterns Along a River Above 4500 m AMSL
on the Qinghai-Tibetan Plateau.” Water Biology and Security 3, no. 4:
100294. https://doi.org/10.1016/j.watbs.2024.100294.

Jia, Y. T., Y. Zhuo, P. Cardoso, et al. 2025. “Loss and Gain: Temporal
Succession in Different Facets of Fish Diversity Over a Half Century
Under Cascade Dam Construction.” Fish and Fisheries 26, no. 3: 356—
371. https://doi.org/10.1111/faf.12885.

Koziol, A., M. Stat, T. Simpson, et al. 2019. “Environmental DNA
Metabarcoding Studies Are Critically Affected by Substrate Selection.”
Molecular Ecology Resources 19, no. 2: 366-376. https://doi.org/10.1111/
1755-0998.12971.

Leray, M., N. Knowlton, and R. J. Machida. 2022. “MIDORI2: A
Collection of Quality Controlled, Preformatted, and Regularly Updated
Reference Databases for Taxonomic Assignment of Eukaryotic
Mitochondrial Sequences.” Environmental DNA 4, no. 4: 894-907.
https://doi.org/10.1002/edn3.303.

Leray, M., J. Y. Yang, C. P. Meyer, et al. 2013. “A New Versatile Primer
Set Targeting a Short Fragment of the Mitochondrial COI Region for
Metabarcoding Metazoan Diversity: Application for Characterizing
Coral Reef Fish Gut Contents.” Frontiers in Zoology 10: 34. https://doi.
0rg/10.1186/1742-9994-10-34.

Li, F. L., S. Qin, Z. Y. Wang, Y. Zhang, and Z. F. Yang. 2023.
“Environmental DNA Metabarcoding Reveals the Impact of Different
Land Use on Multitrophic Biodiversity in Riverine Systems.” Science of
the Total Environment 855: 158958. https://doi.org/10.1016/j.scitotenv.
2022.158958.

Littlefair, J. E., J. S. Hleap, V. Palace, M. D. Rennie, M. J. Paterson, and
M. E. Cristescu. 2023. “Freshwater Connectivity Transforms Spatially
Integrated Signals of Biodiversity.” Proceedings of the Royal Society B:
Biological Sciences 290, no. 2006: 20230841. https://doi.org/10.1098/
rspb.2023.0841.

Lu, Q., S. Y. Zhang, J. Q. Du, et al. 2023. “Multi-Group Biodiversity
Distributions and Drivers of Metacommunity Organization Along a
Glacial-Fluvial-Limnic Pathway on the Tibetan Plateau.” Environmental
Research 220: 115236. https://doi.org/10.1016/j.envres.2023.115236.

10 of 12

Environmental DNA, 2026

85US0 |7 SUOWWOD BAFe81D) 8|qedl|dde au Aq peusenob ke il O ‘SN 0 S8|nJ 10} ArIg1T8UIIUO AB]IM UO (SUOTHPUOD-PUE-SWLBH LD A8 | 1M AReq 1 BU1|UO//SARY) SUOIIPUOD pUe WS | 8U188S *[9202/60/T2] U0 Afiq1T8ullUO ABIIM ‘#1720, €UPS/200T OT/I0p/W0d" A3 | 1M ARe.q 1 Bul|Uo//SaNY WO} papeo|uMoq ‘T ‘9202 ‘Ev6v.E92


http://gsa.big.ac.cn/
https://doi.org/10.6084/m9.figshare.29908553
https://doi.org/10.6084/m9.figshare.29908553
https://doi.org/10.1111/mec.15641
https://doi.org/10.1111/mec.15641
https://doi.org/10.1038/s41598-021-86396-8
https://doi.org/10.1126/science.1187512
https://doi.org/10.1038/Nmeth.3869
https://doi.org/10.1093/bioinformatics/bty560
https://doi.org/10.1093/bioinformatics/bty560
https://doi.org/10.1111/j.1442-9993.1993.tb00438.x
https://doi.org/10.1111/j.1365-294X.2010.04958.x
https://doi.org/10.1128/Aem.05491-11
https://doi.org/10.1128/Aem.05491-11
https://doi.org/10.1111/fwb.70087
https://doi.org/10.1093/dnares/dsz014
https://doi.org/10.1016/j.watbs.2022.100089
https://doi.org/10.1111/mec.16864
https://doi.org/10.16418/j.issn.1000-3045.20210919001
https://doi.org/10.1016/j.ecolind.2023.111185
https://doi.org/10.1371/journal.pone.0139633
https://doi.org/10.1038/s41598-019-47899-7
https://doi.org/10.1111/ddi.13665
https://doi.org/10.1002/edn3.193
https://doi.org/10.1002/edn3.193
https://doi.org/10.1016/j.watbs.2024.100294
https://doi.org/10.1111/faf.12885
https://doi.org/10.1111/1755-0998.12971
https://doi.org/10.1111/1755-0998.12971
https://doi.org/10.1002/edn3.303
https://doi.org/10.1186/1742-9994-10-34
https://doi.org/10.1186/1742-9994-10-34
https://doi.org/10.1016/j.scitotenv.2022.158958
https://doi.org/10.1016/j.scitotenv.2022.158958
https://doi.org/10.1098/rspb.2023.0841
https://doi.org/10.1098/rspb.2023.0841
https://doi.org/10.1016/j.envres.2023.115236

Luo, Z. H., Q. Li, Y. G. Xie, et al. 2024. “Temperature, pH, and Oxygen
Availability Contributed to the Functional Differentiation of Ancient
Nitrososphaeria.” ISME Journal 18, no. 1: wrad031. https://doi.org/10.
1093/ismejo/wrad031.

Martin, M. 2011. “Cutadapt Removes Adapter Sequences From High-
Throughput Sequencing Reads.” EMBnet.Journal 17, no. 1: 10-12.
https://doi.org/10.14806/€j.17.1.200.

Murali, A., A. Bhargava, and E. S. Wright. 2018. “IDTAXA: A Novel
Approach for Accurate Taxonomic Classification of Microbiome
Sequences.” Microbiome 6, no. 1: 140. https://doi.org/10.1186/s4016
8-018-0521-5.

Naro-Maciel, E., M. R. Ingala, I. E. Werner, B. N. Reid, and A. M.
Fitzgerald. 2022. “COI Amplicon Sequence Data of Environmental
DNA Collected From the Bronx River Estuary, New York City.”
Metabarcoding and Metagenomics 6: €80139. https://doi.org/10.3897/
mbmg.6.80139.

Oksanen, J., F. G. Blanchet, and M. Friendly. 2020. “vegan: Community
Ecology Package.” R Package Version 2.5-7. https://CRAN.R-project.
org/package=vegan.

Pietramellara, G., J. Ascher, F. Borgogni, M. T. Ceccherini, G. Guerri,
and P. Nannipieri. 2009. “Extracellular DNA in Soil and Sediment: Fate
and Ecological Relevance.” Biology and Fertility of Soils 45, no. 3: 219-
235. https://doi.org/10.1007/s00374-008-0345-8.

Quast, C., E. Pruesse, P. Yilmaz, et al. 2013. “The SILVA Ribosomal
RNA Gene Database Project: Improved Data Processing and Web-Based
Tools.” Nucleic Acids Research 41, no. D1: D590-D596. https://doi.org/
10.1093/nar/gks1219.

Rees, H. C., B. C. Maddison, D. J. Middleditch, J. R. M. Patmore, and
K. C. Gough. 2014. “The Detection of Aquatic Animal Species Using
Environmental DNA—A Review of eDNA as a Survey Tool in Ecology.”
Journal of Applied Ecology 51, no. 5: 1450-1459. https://doi.org/10.1111/
1365-2664.12306.

Reid, A. J., A. K. Carlson, I. F. Creed, et al. 2019. “Emerging Threats
and Persistent Conservation Challenges for Freshwater Biodiversity.”
Biological Reviews 94, no. 3: 849-873. https://doi.org/10.1111/brv.12480.

Ruggiero, M. A., D. P. Gordon, T. M. Orrell, et al. 2015. “A Higher Level
Classification of All Living Organisms.” PLoS One 10, no. 4: €0119248.
https://doi.org/10.1371/journal.pone.0119248.

Saenz-Agudelo, P., E. Delrieu-Trottin, J. D. DiBattista, et al. 2022.
“Monitoring Vertebrate Biodiversity of a Protected Coastal Wetland
Using eDNA Metabarcoding.” Environmental DNA 4, no. 1: 77-92.
https://doi.org/10.1002/edn3.200.

Sakata, M. K., T. Watanabe, N. Maki, et al. 2021. “Determining an
Effective Sampling Method for eDNA Metabarcoding: A Case Study for
Fish Biodiversity Monitoring in a Small, Natural River.” Limnology 22,
no. 2: 221-235. https://doi.org/10.1007/s10201-020-00645-9.

Sakata, M. K., S. Yamamoto, R. O. Gotoh, M. Miya, H. Yamanaka, and T.
Minamoto. 2020. “Sedimentary eDNA Provides Different Information
on Timescale and Fish Species Composition Compared With Aqueous
eDNA.” Environmental DNA 2, no. 4: 505-518. https://doi.org/10.1002/
edn3.75.

Sas, A. A., S. N. P. Suriyanti, S. K. Das, and Z. C. Cob. 2022. “Effect of
Seawater and Surface-Sediment Variables on Epipelic Diatom Diversity
and Abundance in the Coastal Area of Negeri Sembilan, Malaysia.”
Water 14, no. 19: 3187. https://doi.org/10.3390/w14193187.

Sigsgaard, E. E., I. B. Nielsen, S. S. Bach, et al. 2017. “Population
Characteristics of a Large Whale Shark Aggregation Inferred From
Seawater Environmental DNA.” Nature Ecology & Evolution 1: 4.
https://doi.org/10.1038/s41559-016-0004.

Snelgrove, P. V. R. 1999. “Getting to the Bottom of Marine Biodiversity:
Sedimentary Habitats: Ocean Bottoms Are the Most Widespread Habitat

on Earth and Support High Biodiversity and Key Ecosystem Services.”
Bioscience 49, no. 2: 129-138. https://doi.org/10.2307/1313538.

Stat, M., M. J. Huggett, R. Bernasconi, et al. 2017. “Ecosystem
Biomonitoring With eDNA: Metabarcoding Across the Tree of Life in a
Tropical Marine Environment.” Scientific Reports 7: 12240. https://doi.
0rg/10.1038/s41598-017-12501-5.

Taberlet, P., A. Bonin, L. Zinger, et al. 2018. Environmental DNA: For
Biodiversity Research and Monitoring. Oxford University Press.

Tagliabue, A., K. O. Matterson, M. Ponti, E. Turicchia, M. Abbiati, and
F. Costantini. 2023. “Sediment and Bottom Water eDNA Metabarcoding
to Support Coastal Management.” Ocean and Coastal Management 244:
106785. https://doi.org/10.1016/j.ocecoaman.2023.106785.

Thomsen, P. F., J. Kielgast, L. L. Iversen, et al. 2012. “Monitoring
Endangered Freshwater Biodiversity Using Environmental DNA.”
Molecular Ecology 21, no. 11: 2565-2573. https://doi.org/10.1111/j.1365-
294X.2011.05418.x.

Thomsen, P. F., and E. Willerslev. 2015. “Environmental DNA-An
Emerging Tool in Conservation for Monitoring Past and Present
Biodiversity.” Biological Conservation 183: 4-18. https://doi.org/10.
1016/j.biocon.2014.11.019.

Turner, C. R, K. L. Uy, and R. C. Everhart. 2015. “Fish Environmental
DNA Is More Concentrated in Aquatic Sediments Than Surface Water.”
Biological Conservation 183: 93-102. https://doi.org/10.1016/j.biocon.
2014.11.017.

Wang, S. P., Z. G. Yan, B. Hinfling, et al. 2021. “Methodology of Fish
eDNA and Its Applications in Ecology and Environment.” Science of the
Total Environment 755: 142622. https://doi.org/10.1016/j.scitotenv.2020.
142622.

Westacott, S., N. J. Planavsky, M. Y. Zhao, and P. M. Hull. 2021.
“Revisiting the Sedimentary Record of the Rise of Diatoms.” Proceedings
of the National Academy of Sciences of the United States of America 118,
no. 27: €2103517118. https://doi.org/10.1073/pnas.2103517118.

Williamson, C. E. 1983. “Invertebrate Predation on Planktonic Rotifers.”
Hydrobiologia 104: 385-396. https://doi.org/10.1007/BF00045996.

Wotton, R. S., and B. Malmgqvist. 2001. “Feces in Aquatic Ecosystems.”
Bioscience 51, no. 7: 537-544. https://doi.org/10.1641/0006-3568(2001)
051[0537:Fiae]2.0.Co;2.

Yao, T. D., T. Bolch, D. L. Chen, et al. 2022. “The Imbalance of the Asian
‘Water Tower.” Nature Reviews Earth & Environment 3, no. 10: 618-632.
https://doi.org/10.1038/s43017-022-00299-4.

Yarza, P., P. Yilmaz, E. Pruesse, et al. 2014. “Uniting the Classification of
Cultured and Uncultured Bacteria and Archaea Using 16S rRNA Gene
Sequences.” Nature Reviews Microbiology 12, no. 9: 635-645. https://doi.
org/10.1038/nrmicro3330.

Zhu, M. Y., M. Kuroki, T. Kobayashi, et al. 2023. “Comparison of Fish
Fauna Evaluated Using Aqueous eDNA, Sedimentary eDNA, and Catch
Surveys in Tokyo Bay, Central Japan.” Journal of Marine Systems 240:
103886. https://doi.org/10.1016/j.jmarsys.2023.103886.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Figure S1: ASV rarefaction curves
on individual PCR reactions per sample. Each sampling site was repre-
sented by a different color. Sediment samples are represented by solid
lines, while water samples are shown with dashed lines. Figure S2: Box
plots of Shannon index of different taxonomic groups (A: archaea, B:
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S3: Cumulative contribution curve of ASVs to community dissimilarity
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between sediment and water samples. Table S1: Alpha diversity (ASV
richness, Shannon, Simpson and Pielou's indexes) of ten taxonomic
groups in each sample. Table S2: Results of simper analysis on ASV
contribution to dissimilarity between sediment and water samples.
ASVs were included in a surrogate set in order of decreasing percentage
contribution to the average similarity until the cumulative contribution
was 80%. ava, average abundances in the sediment group; avb, average
abundances in the water group; average, ASV contribution to average
between group dissimilarity; cusum, ordered cumulative contribution;
ratio, average to sd ratio; sd, standard deviation of contribution.
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