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Effect of eDNA metabarcoding
temporal sampling strategies on
detection of coastal biodiversity
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and Kimberly Lynn Howland1

1Arctic and Aquatic Research Division, Freshwater Institute, Fisheries and Oceans Canada, Winnipeg,
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Université Laval, Québec, QC, Canada
Introduction: Environmental DNA (eDNA)metabarcoding of water is increasingly

being used to monitor coastal biodiversity shifts. However, we have limited

knowledge of whether samples collected during discreet temporal periods

depict holistic ecosystem changes over longer time spans.

Methods:Here, we show how eDNA community structure varies across repeated

sampling events at different temporal scales ranging from years to months to

days at an Arctic coastal site, Churchill (Canada), using metabarcoding analyses

of water eDNA samples with four universal primer pairs (two primers in COI and

two in the 18S rRNA).

Results:Daily variations were highly dynamic and less structured, likely due to the

stochastic nature of estuarine ecosystems, but there was a clear annual

consistency in eDNA communities with a high proportion of shared taxa

between years. However, monthly sampling was the most efficient for

capturing holistic biodiversity.

Discussion: We provide recommendations for optimal eDNA metabarcoding

sampling design based on our observations. The study underscores the

importance of understanding biological and physical factors altering eDNA

detection to improve the efficiency of detecting and interpreting long-term

eDNA changes.
KEYWORDS

Arctic, eDNA metabarcoding, temporal sampling strategies, eDNA annual recurrence,
eDNA monthly biodiversity, eDNA daily variation, estuarine ecosystem
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1 Introduction

Biological time-series observations are essential to better

understanding ecological processes and determine human impacts

on oceans (Ducklow et al., 2009; Bálint et al., 2018; Takahashi et al.,

2023). Effective marine monitoring programs have been successfully

conducted, sometimes using time series collected over decades

(Fontaine and Rynearson, 2023). Environmental DNA (eDNA)

metabarcoding from water samples is increasingly being utilized

to monitor coastal biodiversity and detect changes in biological

communities over time (Deiner et al., 2017; Mathieu et al., 2020).

Programs such as the Ocean Biomolecular Observing Network

(OBON) are now established to enhance ocean biomonitoring

through global-scale collaborations and long-term investigations

by using eDNA metabarcoding or other biomolecular techniques

(https://obon-ocean.org/about/).

In order to determine if there are stable, recurrent eDNA

detections across different time scales and environmental conditions,

a better understanding of how eDNA in the environment changes with

species phenology (e.g., life stage, reproduction, and metabolism) and

physical processes (e.g., hydrodynamics, temperature, UV) (Seymour,

2019; de Souza et al., 2016; Rourke et al., 2022) is essential. This

knowledge is also crucial for meaningful interpretation of long-term

eDNA data trends. An increasing number of studies have reported

eDNA detection peaks within a short seasonal window and attributed

this pattern to biological factors (Laramie et al., 2015; Sigsgaard et al.,

2017; Stoeckle et al., 2017; Handley et al., 2019; Troth et al., 2021;

Sevellec et al., 2021; Collins et al., 2022). While several studies have

reported significant interannual variation in communities detected

with eDNA (Closek et al., 2019; Laporte et al., 2021; Di Capua et al.,

2021; Carvalho et al., 2024), few have documented short-term variation

(Kelly et al., 2018; Jensen et al., 2022; Ely et al., 2021; Dowell et al., 2024)

and how natural short-term variability can affect our capacity to

interpret coastal eDNA data to evaluate holistic changes in

community structure over time.

Time series of water eDNA metabarcoding offer significant

potential for coastal Arctic biomonitoring. The Arctic Ocean is

undergoing profound climate and associated biological change driven

by physical transformations, including sea ice melting, rising sea

temperatures, and increased shipping activities (Garcia-Soto et al.,

2021; Murray et al., 2024). Despite the logistical challenges of

surveying Arctic biota, many of which are endemic, rapid changes in

marine communities have been documented (Post et al., 2009;

Koenigstein, 2020). The ability of eDNA metabarcoding to detect

organisms across multiple trophic levels makes it a valuable tool in

this vast and remote region (Lacoursière-Roussel et al., 2018; Leduc

et al., 2019; Sevellec et al., 2021; Geraldi et al., 2024). This non-invasive

method is also among the most ethical approaches for biomonitoring

marine communities, making it particularly valuable in sensitive Arctic

regions. In order to adequately characterize long-term fluctuations in

biodiversity, however, we still need to appreciate how seasonal and

intra-seasonal patterns of oceanic biodiversity behave in the

Arctic region.

Here, we compared different temporal sampling strategies for

monitoring eDNA metazoan communities using the Canadian

Arctic port of Churchill as a case study, with the goal of
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contributing advice on conducting efficient and scientifically

tenable eDNA-based coastal surveillance and monitoring

programs. We contrasted eDNA metazoan communities detected

for three different temporal sampling strategies, including (i)

interannual, (ii) monthly, and (iii) daily sampling efforts to help

inform best practices for monitoring and interpreting eDNA

time series.
2 Materials and methods

2.1 Study site, sample collection,
and filtering

This study builds on previous spatial comparisons of Arctic

coastal metazoan communities in a Churchill port using both

eDNA metabarcoding and conventional species collections

(Lacoursière-Roussel et al., 2018; Leduc et al., 2019). Churchill is

a key Arctic port in Canada and is situated on a large estuary,

creating dynamic eDNA assemblages from marine water and

freshwater communities (Lacoursière-Roussel et al., 2018; Sevellec

et al., 2021). The estuary is located at the mouth of the Churchill

River on Hudson Bay (Manitoba, Canada, 58°46′N, 94°11′W). We

compared three different sampling approaches at different temporal

scales each representing similar time commitments, which could be

realistically implemented in long-term monitoring (i.e., sampling

for 3–4 days distributed across consecutive days, consecutive

months, consecutive years). The three temporal sampling

strategies correspond to years (interannual: August 2015 and

2016; N=80), months (August 2015/2016, September 2017,

October 2017, November 2017 and December 2017; N=158), and

days (August 10th, 11th, 12th 2016; N=18). There were 20 samples

also collected in August 2017, as planned in our original design, but

were compromised during the extraction process. All the samples

were collected in the same geographic area, within 0.67 km of each

other (Supplementary Table S1). Although spatial distance

influenced the eDNA community composition in this study, the

relatively close proximity of the samples resulted in a much greater

proportion of explained variance being attributed to temporal

variation (PERMANOVA Temporal COI, R2 = 21.128, P < 0.001,

PERMANOVA Spatial COI, R2 = 4.683, P < 0.001, PERMANOVA

Temporal 18S, R2 = 35.158, P < 0.001, PERMANOVA Spatial 18S,

R2 = 6.137, P < 0.001). All samples from the different temporal

strategies were collected and processed following protocols detailed

in Lacoursière-Roussel et al. (2018). In brief, we collected 250 mL of

surface water (at ~1 m–2 m depth) which was filtered (0.7 mm, 25

mm diameter GFF) using a syringe. Filters were preserved in

longmire buffer, placed on ice during field transport, and frozen

at −20°C until DNA extraction.
2.2 DNA extraction, library preparation,
and sequencing

DNA was extracted from filters using a QIAshredder and

phenol/chloroform protocol as described in Lacoursière-Roussel
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et al. (2018). Technical variability of primer biases from high-

throughput sequencing was reduced by using four different

universal primer pairs (Goldberg et al., 2016; Kelly et al., 2019).

Thus, eDNA was amplified by two pairs of mitochondrial

cytochrome c oxidase subunit I (COI) primers (mlCOIintF/

jgHCO2198 and LCO1490/ill_C_R) (Folmer et al., 1994; Geller

et al., 2013; Leray et al., 2013; Shokralla et al., 2015) and two pairs of

ribosomal gene 18S primers (F-574/R-952 and TAReuk454FWD1/

TAReukREV3) (Hadziavdic et al., 2014; Stoeck et al., 2010). A one-

step dual-indexed PCR approach with Illumina barcoded adapters

was performed using 6 µl Qiagen Multiplex Mastermix, 4 µl diH20,

1 µl of each primer (10µM), and 3 µl of DNA. The PCR program

consisted of an initial denaturation step at 95°C for 15 min, followed

by 35 cycles at 94°C for 30 s, 54°C for 90 s (except for primer

LCO1490/ill_C_R which was at 52°C for 90 s), and 72°C for 60 s,

and a final elongation at 72°C for 10 min. Three PCR replicates were

done for each sample and primer pair combination. After

purification using Ultra AMPure beads and quantification by

PicoGreen, the aliquots were pooled together in equal molar

concentrations. Sequencing was carried out on three different flow

cells (one per year) using an Illumina MiSeq at the Plateforme

d’Analyses Génomiques (IBIS, Université Laval, Québec,

Canada, www.ibis.ulaval.ca).
2.3 Contamination control

Meticulous care was taken and good practices implemented to

avoid contamination risks. In the field, the sampling kits, composed

of sterilized bottles, filters, gloves, syringes, and tweezers, were

bagged and sealed and then exposed to UV for 30 min following

assembly. Multiple field negative controls were performed for each

sampling event, with 250 ml of sterilized distilled water, (three in

2015, four in 2016, and four in 2017), which were all treated as

regular samples for the remaining manipulations until sequencing.

In the laboratory, (i) eDNA extraction, PCR preparation, and post-

PCR steps were performed in three separate rooms; (ii) all PCR

manipulations were performed in a UV hood; (iii) all laboratory

bench space and tools were treated with a 10% bleach solution and

exposed to UV for 30 min before performing any manipulations. At

the extraction step, additional negative controls were performed,

with 950 µl of distilled sterile water (four in 2015, five in 2016, and

eight in 2017), and were also integrated in the amplification and

sequencing processes. At the amplification step, a negative PCR

control was done for each sample and primer pair (i.e., 3 µl of

sterilized distilled water) because barcodes were different for each

sample. No positive amplification was visualized in the PCR

negative control via 1.5% agarose gel electrophoresis. Finally,

sequences from taxa deemed to be associated with sample

contamination were removed (Supplementary Table S2) following

a decision process based on their relative abundance detected in the

negative controls as detailed in Leduc et al. (2019) and Sevellec et al.

(2021). In brief, contaminant taxa were removed if the total number

of sequences detected in negative controls (field and extraction;

N=28) was greater than 2% of the total number of sequences

detected across all samples for a given genus or species. This
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contamination protocol aims to limit potential result bias by

retaining dominant Arctic taxa that would be expected to

contribute low levels of contamination (Drake et al., 2022).
2.4 Bioinformatics

Cleaning and classification of the sequences were performed

with the MiSeq Control software v2.3 then with Barque version

v1.5.2 (www.github.com/enormandeau/barque). In brief, raw

forward and reverse reads were trimmed, merged, cleaned of

chimeras, and denoised, and then clustered as operational

taxonomic units (OTUs) with a threshold of 97% similarity.

Finally, the COI sequences were annotated using BOLD (http://

www.boldsystems.org) and the 18S sequences were annotated using

SILVA (https://www.arb-silva.de/). Sequences from non-marine

species (insects and most mammals), as well as those that could

not be taxonomically assigned, were removed from our dataset.

Because of the different filtration steps, and based on our

contamination protocol, nine (COI) and seven (18S) samples

collected in September and October 2017 were removed from the

data set. For the year, month, and day sampling designs, we

successfully blasted a per sample average of 587.4, 565.5, and

411.6 sequences for COI1, 386.6, 547.3, and 253.6 sequences for

COI2, 1,575.1, 1,043.9, and 239.6 sequences for 18S1, and 632.0,

517.0, and 135.8 sequences for 18S2, respectively. Because the

results obtained between the gene primers COI1 and COI2 data

as well as 18S1 and 18S2 data were highly similar (Supplementary

Figure S1), reads were summed for each gene. For results below,

COI includes both COI1 and COI2 and 18S includes both 18S1

and 18S2.
2.5 Statistical analysis

Coastal marine eDNA communities in Churchill Port were

compared across the three temporal sampling strategies hereafter

refer to as years (interannual: August 2015 and 2016), months

(August 2015/2016, September 2017, October 2017, November

2017, and December 2017) and days (August 10th, 11th, and 12th,

2016). To determine the effect of sampling effort, genus-level

rarefaction curves were created with BiodiversityR and ggplot2

packages using R (R Core Team, 2013) using relative abundance

without prior transformation for the three temporal communities.

Since samples were available from two different years in the August

period for the monthly sampling strategy, this analysis was done

using two subgroups to avoid overestimating biodiversity: (i)

August 2015 with the months of September, October, November,

and December in 2017, (ii) August 2016 with the months of

September, October, November, and December in 2017.

To investigate the differences among eDNA communities from

the various temporal sampling strategies, two analyses were

performed using a genus matrix after Hellinger transformation

with the R vegan package: PERMANOVA analyses (number of

permutations = 10,000) and principal coordinate analyses (PCoA)

were performed on a Bray–Curtis distance matrix representing (dis)
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similarity among eDNA communities. Furthermore, to confirm

that the significant results of the PERMANOVA and PCoA analyses

were not driven by variations in group dispersions, multivariate

homogeneity was evaluated using the betadisper function (R vegan

package). No significant differences in dispersion homogeneity were

observed across temporal strategy groups (betadisper P>0.01). To

examine the taxonomic composition of each temporal sampling

strategy, three tree maps were generated to represent yearly,

monthly, and daily strategies at the genus level, using Hellinger-

transformed data and the R treemap package.

To visualize similarities among eDNA communities, Venn

diagrams were created using InteractiVenn (Heberle et al., 2015).

These were complemented by Similarity Percentage (SIMPER)

analyses performed with PAleontological STatistics software (PAST

4) ((Hammer et al., 2005) to evaluate dissimilarities of temporal

sampling strategies on overall average dissimilarity index (OAD

index). This index ranged from 0 (samples have identical taxa

composition) to 100 (the samples do not share any taxa). The

SIMPER analysis also identified the taxa that explain similarity

(similarity percent) or dissimilarity (contribution percent) within

the temporal strategies group. In this study, the SIMPER analyses

were based on Hellinger transformed data. Finally, to determine the

differences between taxonomy levels, temporal variation was

contrasted for each phyla using time-series analysis (R vegan

package) on the most abundant representative genus within each

(i.e., annelida - Nais, chordata - Halocynthia, cnidaria - Aurelia,

mollusca - Mytilus, porifera - Spongilla). More precisely, the

distribution of Hellinger transformed data for each representative

genus was plotted separately for each temporal sampling strategy. To

compare if the relative abundance of shared genera varied among

temporal sampling strategies, a non-parametric Kruskal–Wallis test

was performed using Hellinger transformed data.
Frontiers in Marine Science 04
3 Results

3.1 Sequencing quality and sampling effort

A total of 206,492 (COI) and 151,433 (18S) aquatic metazoan

sequences were obtained after trimming the raw dataset composed

of 148 (COI) and 150 (18S) eDNA samples from the Churchill port

(for more details, see Supplementary Table S3). For both the genes,

the accumulation curves for the year and month sampling strategies

reached a plateau, whereas the eDNA community based on daily

samples were at the end of the semi-logarithmic curves for each

primer (Figure 1). At the same given level of sampling effort, the

monthly strategy yielded the highest number of taxa, followed

closely by the yearly strategy, whereas daily sampling resulted in

the lowest number of taxa.
3.2 Comparison of eDNA communities
across three temporal sampling strategies

The PCoA results were significantly different between years (i.e.,

between August 2015 and 2016; PERMANOVA year, P < 0.001 for

both primers), but the samples from 2015 and 2016 clustered side

by side, especially with the COI primers (Figure 2). The monthly

eDNA communities formed distinct clusters (PERMANOVA

month, P < 0.001) that showed a gradual seasonal change

(Table 1; Figure 2). In the opposite way, no distinct communities

were observed among the three consecutive days (Table 1). The

PCoA revealed scattered sample data points along axis-2 for the

COI primers and along axis-1 for the 18S primers, suggesting high

stochasticity and a lack of clear community structure at the daily

temporal scale (Figure 2).
FIGURE 1

Genera accumulation curves of eDNA coastal communities for different temporal strategies. Genera accumulation curves were computed for COI
(COI1: mlCOIintF/jgHCO2198 and COI2: LCO1490/ill_C_R) and 18S (18S1: F-574-R-952, and 18S2: TAReuk454FWD1-TAReukREV3). Days: Aug 2016
from 10th to 12th; Months 15&17: Aug 2015, Sept 2017, Oct 2017, Nov 2017 and Dec 2017; Months 16&17: Aug 2016, Sept 2017, Oct 2017, Nov 2017
and Dec 2017; Years: Aug 2015 and Aug 2016.
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Despite differences in the temporal sampling design, the eDNA

communities shared similar dominant (most abundant) genera

(Figure 3 for COI and Supplementary Figure S3 for 18S). Using

the COI gene, the annelida Pectinaria, Nais, Chaetogaster, and
Frontiers in Marine Science 05
Harmothoe were highly represented in the three temporal

communities. Other commonly and highly detected taxa were the

arthropods Acartia and Pseudocalanus, the mollusks Mytilus and

Macoma, the cnidarians Aurelia and Hydra, and the chordate
FIGURE 2

Principal coordinate analyses (PCoA) of Arctic coastal eDNA communities across different temporal sampling strategies, using COI and 18S gene
primers. The analyses were conducted using Bray–Curtis dissimilarity distances after a Hellinger transformation in R. Axes represent the two
dimensions explaining the highest proportion of variance in community composition. Each dot represents an individual eDNA sample, positioned
according to its taxonomic composition. Dots in close proximity indicate greater similarity, whereas those farther apart indicate greater dissimilarity.
All graphs display the full dataset, with gray dots representing samples not included in the specific analyses of years, months, and days, respectively.
TABLE 1 Summary of PERMANOVA test statistics of Arctic eDNA communities for 18S and COI (see legend Figure 1).

Primer Source of variation
PERMANOVA

F-value R2 Pr(>F)

COI

Year 0.131 11.722 < 0.001

Month 0.292 14.838 < 0.001

Day 0.143 1.257 0.250

18S

Year 0.175 16.535 < 0.001

Month 0.389 23.273 < 0.001

Day 0.164 1.473 0.136
This analysis was performed with a Hellinger transformation on the relative abundance matrix. Three temporal strategies were used in this analysis: (i) years (August 2015 and 2016), (ii) months
(August to December from different years), and (iii) days (three consecutive days).
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Delphinapterus. Similar patterns were observed with the 18S gene,

where dominant genera included the mollusks Macoma and

Mytilus, the cnidarian Laomedea, and the bryozoan Alcyonidium,

all consistently present across the eDNA communities.

Consistent with the above previous results, the highest

proportion of genera were shared between the yearly eDNA

communities (COI: 63.9%; 18S: 55.1%). In contrast, a much lower

proportion of shared genera were detected among the 5 months

(COI: 25.1%; 18S: 16.7%) and the three consecutive days (COI:

48.3%; 18S: 38.7%) with both genes (Figure 4). Results from

SIMPER were generally consistent with the Venn results. For

COI, the overall average dissimilarity index was lower based on
Frontiers in Marine Science 06
the yearly sampling strategy (63.49%) than for monthly (67.05%)

and daily (64.71%) eDNA sampling strategies, indicating greater

community similarity across years compared with months and days

(Table 2). For the 18S gene, the overall average dissimilarity index

was lower for the daily communities (61.41%) compared with the

yearly (74.24%) or monthly communities (75.24%). For both COI

and 18S, the overall average dissimilarity index decreased from

September 2017 to December 2017, indicating that winter months

presented a more stable eDNA community than summer or fall

eDNA communities.

For the COI primers, the three most dissimilar genera between

years included the molluskMytilus (90.48% similarity), the copepod
FIGURE 3

Tree map representations of eDNA community composition at the genus level for the three temporal sampling strategies using the COI primer. Each
tree map is organized by phyla: the most abundant genera within a given phylum are labeled by name, whereas the less abundant ones are grouped
under “other genera”. A corresponding figure displaying taxa identified with the 18S primer is provided in the Supplementary Materials
(Supplementary Figure S3).
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Pseudocalanus (93.17%), and the annelid Pectinaria (93.52%)

(Supplementary Table S4). Across months, the most dissimilar

genera for COI were the annelid Nais (94.56%), the bivalve

Mytilus (94.78%), and the annelid Chaetogaster (95.19%)

(Supplementary Table S5). For the daily sampling strategy, the
Frontiers in Marine Science 07
percentage of similarity for the three most dissimilar taxa was 95%

for the annelid Pectinaria, 95.84% for the copepod Acartia, and

96.14% for the annelid Galathowenia (Supplementary Table S6).

The most dissimilar genera detected with the 18S primers are

presented in the Supplementary Tables S7–S9.
FIGURE 4

Venn diagram of Arctic eDNA communities at the genus level for different temporal sampling strategies. These figures were performed with the
gene primers COI and 18S. Each color of the Venn diagram was unique and represented a given period of time within each temporal sampling
strategy. Overlapping colors and numbers within indicate the shared genera shared (community stability) among time periods within the different
temporal strategies.
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3.3 eDNA variation across temporal
sampling strategies

For five highly detected genera representing different phyla, the

relative abundance varied within and among the different temporal

sampling strategies (Figure 5). All the genera had significant

variation in abundance between months (Kruskal–Wallis test, P <

0.01, Table 3). Three genera, Nais, Aurelia, and Mytilus, displayed

variation in abundance among years for the both gene primers

(Table 3). Although no genera showed significant variation in

abundance between days with the 18S primers, differences were

observed for the genera Aurelia and Mytilus with the COI primers

(Table 3; Figure 5). Interestingly, the temporal variation in relative

abundance of these five genera was similar with the COI and 18S

combined gene primers (Figure 5). For example, the cnidarian

Aurelia was detected in August 2015 and 2016 as well as from

September to November 2017, but not detected in December for

either of the genes. Other genera with patterns of note included the

tunicateHalocynthia which was characterized by detection in only a

few samples forming a succession of eDNA peaks in August 2015

and 2016. The relative abundance of the freshwater sponge,

Spongilla, tended to increase from August to December.

Interestingly, the 1-week difference between the sampling of year

temporal strategy (6 August 2016) and the daily strategy (10–12

August 2016) resulted in a rapid increase of annelid Nais

relative abundance.
4 Discussion

In recent years, eDNA metabarcoding has transformed how we

survey ocean biodiversity (Deiner et al., 2017; Thompson and
Frontiers in Marine Science 08
Thielen, 2023). DNA detection rates vary temporally due to

biological and physical factors such as eDNA shedding, gametes/

larval release/hatching, DNA degradation, and dispersal rates

(Lacoursière-Roussel et al., 2016; Buxton et al., 2017; Salter, 2018;

Wacker et al., 2019). In this study, we compared eDNA

metabarcoding data from three temporal sampling strategies to

inform how eDNA metabarcoding sampling strategies can reliably

inform us about long-term biodiversity trends. Our findings

contribute to improved knowledge of short- and long-term

variability of eDNA in coastal ecosystems to help design eDNA

research and monitoring programs and interpretation of eDNA

changes over time. Comparison of community structure for the

interannual temporal sampling strategy revealed a high proportion

of shared taxa despite the fact that daily eDNA communities had

high variability in this dynamic estuarine ecosystem. However,

monthly collections captured the greatest overall taxa richness

among temporal sampling strategies. This improved sampling

efficiency translates into reduced lab work and costs.
4.1 eDNA community variation and
temporal design strategies

4.1.1 Interannual design strategy
A clear interannual recurrence in eDNA taxa composition was

observed during the summer period covered by our dataset,

consistent with what is known from long-term studies in other

estuarine habitats (Flint, 1985). Indeed, diversity and abundance of

estuarine taxa have been shown to change over an annual cycle in a

generally recurring year-to-year pattern controlled by the

phenology of species and abiotic environmental parameters such

as temperature and light availability (Boero, 1994) with

demonstrated stability in biological communities over the long

term (Schrandt and MacDonald, 2020). The annual recurrence of

marine communities is well known thanks to long-term series

observations, such as those at the Western Channel Observatory

in the English Channel or the Boknis Eck Time Series Station in the

Baltic Sea (Southward et al., 2004; Lennartz et al., 2014). To date,

only a handful of studies have used eDNA metabarcoding to

monitor marine eDNA communities over a long time series (Ip

et al., 2023; Sildever et al., 2023; Chrismas et al., 2023). For example,

Ip et al. (2023) demonstrated that eDNA metabarcoding is an

effective tool for detecting annual coral spawning events in

Singapore’s tropical reefs. Over a 3-year period, they identified

recurring spawning events for 38 coral and 133 fish species, showing

that eDNA metabarcoding can quickly provide valuable ecological

insights, particularly on previously overlooked spawning-related

activities, helping to solve knowledge gaps.

4.1.2 Monthly design strategy
Monthly trends from a variety of studies support that eDNA

detection rates vary with marine biota life cycle activities such as

species distributions, phenology, metabolic rate, migration timing,

and reproduction (e.g., Djurhuus et al., 2020). Previous studies have

also highlighted similar eDNA variations and potential
TABLE 2 The overall average dissimilarity (OAD) index from SIMPER
analysis for eDNA communities for the year, month, and day temporal
sampling strategies performed for both COI and 18S (see
legend Figure 1).

Temporal strategies
OAD

COI 18S

Year All 63.49 74.24

Month

All 67.05 75.24

Aug–Sept 71.75 81.06

Sept–Oct 62.32 66.38

Oct–Nov 50.35 55.06

Nov–Dec 45.33 55.21

Day

All 64.71 61.41

D1–D2 58.93 55.44

D2–D3 67.6 62.09

D1–D3 67.61 65.90
These indices were calculated at the genus level with a Hellinger transformation on the relative
abundance matrix. The index ranges from 0 (samples have identical species composition) to
100 (the samples do not share any species).
frontiersin.org

https://doi.org/10.3389/fmars.2025.1522677
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Sevellec et al. 10.3389/fmars.2025.1522677
relationships linked to the life cycle of organisms in marine

communities (Dunn et al., 2017; Djurhuus et al., 2020; Sevellec

et al., 2021). The observed transition in eDNA taxa composition

from summer to fall across different years likely reflects the life cycle

of organisms in the estuarine community as well as their adaptation

to seasonal changes in abiotic and biotic factors (Carvalho et al.,

2024). For example, the high relative abundance of the taxon
Frontiers in Marine Science 09
Mytilus observed during our study in August 2016 could

potentially correspond to a spawning event (Storhaug et al.,

2019). Similarly, for the genus Aurelia, a high relative abundance

was observed in August 2016, suggesting an eDNA peak that could

be associated with a bloom (e.g., Peng et al., 2023) or larval

recruitment (Giussani et al., 2016). Likewise, large blooms of

Aurelia medusae, which have been increasing in frequency
FIGURE 5

eDNA timeline distribution of representative Arctic genera from key phyla for both COI and 18S. These figures represent five highly detected genera
which came from different phyla based on a relative abundance matrix after a Hellinger transformation.
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worldwide, are associated with warming and increased zooplankton

densities (Goldstein and Steiner, 2020) characteristic of late

summer conditions in the Churchill estuary.

Among all the temporal strategies we examined, a high number

of shared taxa were observed, indicating that a large number of taxa

release their DNA in a temporally stable manner into the water

column (Supplementary Table S10). Moreover, our results indicate

a more stable eDNA community in winter compared with summer

(Table 2). Although eDNA production, influenced by biological

factors such as metabolic rate and reproduction, slows down during

winter, degradation rates are also lower in the Arctic waters due to

colder temperatures and ice cover reducing UV-B levels and

diminishing microbial activity (Caza-Allard et al., 2022; Strickler

et al., 2015). As a result, winter eDNA ecology, from production to

degradation, is more stable than that of summer or fall.

Although the monthly temporal design is an efficient sampling

strategy to capture seasonal patterns and maximize representation of

biodiversity, a higher-frequency sampling design, such as a bi-monthly

sampling, could provide more reliable data for detecting long-term

shifts, as expected in the Arctic (Rademaker et al., 2024). For example,

in our study, the relative abundance of the genera Aurelia and

Halocynthia was highly variable, even within a 1-week period.

4.1.3 Daily design strategy
With the daily sampling strategy, biological communities varied

highly among consecutive dates, which is likely reflective of the

natural change in the estuarine community due to biological factors

such as behavior, mobility, migratory, or reproduction cycles (Bluhm

and Gradinger, 2008; Dowell et al., 2024) but also daily variation in

physical factors such as freshwater inputs, wind, and temperature

(Stewart, 2019; Rourke et al., 2022). Like all biomonitoring methods,

eDNA metabarcoding allows observation of a fraction of the total

marine or estuarine communities at a given moment. Given that

rarefaction curves seemed to have remained further from saturation

for daily sampling, sample collection at multiple time points within a
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day or over several days should provide a more comprehensive

picture of surveyed communities, improving the probability of

detecting rare taxa. Furthermore, knowledge on how gaps in

reference sequence databases and primer bias can alter detection

patterns among different sampling periods will improve abilities to

interpret eDNA changes over time (Van der Loos and Nijland, 2021).
4.2 Optimizing temporal sampling design

Identifying optimal eDNA sampling frequencies and time periods

for a given systemwill increase the detection rates of local communities.

Annual recurrence in eDNA communities combined with monthly

sampling indicates potential for optimizing sampling during peak

periods of marine life activity. For well-studied taxa, sampling at an

annual scale during optimal periods could substantially increase

knowledge of phenology and track how life history events and

populations of individual taxa and/or biological communities may

change over longer time scales with, for example, changing climatic

conditions or increased industrial development. In order to gauge such

optimal periods, monthly or even weekly eDNA surveys over potential

periods of interest during the year would be recommended.

Efficient sampling strategies are essential to acquiring eDNA

datasets that are as robust and informative as possible. Here, we

observed that sampling at multiple time points provides a more

holistic view of Arctic estuarine communities. This study suggests

that, when using eDNAmetabarcoding, monthly sampling is likely the

most optimal strategy to effectively capture a comprehensive portrait of

estuarine communities. Ideally, such a sampling strategy can be studied

over multiple years to follow annual patterns of eDNA communities.

However, if time and resources are limited, repeat sampling at a

consistent time of year could offer a viable alternative to monitoring

for long-term changes in coastal communities, based on our

observations of annual stability in a large component of the eDNA

community. A better understanding of the biological and physical
TABLE 3 Kruskal–Wallis test results performed on five representative genera from key phyla shared by all the samples for different temporal
strategies for the combined 18S and COI primers (see legend Figure 1).

Primers Phyla Genera
Year Month Day

Chi-squared P-value Chi-squared P-value Chi-squared P-value

COI

annelida Nais 32.812 <0.001 37.711 < 0.001 0.442 0.802

chordata Halocynthia 0.015 0.902 13.795 0.008 0.981 0.612

cnidaria Aurelia 5.211 0.022 58.457 < 0.001 9.940 0.007

mollusca Mytilus 36.332 <0.001 74.317 < 0.001 7.102 0.029

porifera Spongilla 10.375 0.001 92.007 < 0.001 3.540 0.170

18S

annelida Nais 31.061 <0.001 100.460 < 0.001 2.469 0.291

chordata Halocynthia 6.193 0.013 23.084 < 0.001 0.427 0.808

cnidaria Aurelia 37.592 <0.001 41.855 < 0.001 4.215 0.121

mollusca Mytilus 31.466 <0.001 47.200 < 0.001 1.794 0.408

porifera Spongilla 1.049 0.306 101.780 < 0.001 0.675 0.713
This test was performed with a Hellinger transformation on the relative abundance matrix for the three strategies:(i) years (August 2015 and 2016), (ii) months (August to December from
different years), and (iii) days (three consecutive days in August 2016).
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factors affecting eDNA presence for taxa of interest is fundamental for

optimizing eDNA sampling and resources, achieving more accurate

predictions of eDNA communities.
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