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A B S T R A C T

Non-extractive techniques such as video analysis are increasingly used by scientists to study marine communities
instead of extractive methods such as trawling. Currently, environmental DNA (eDNA) analysis is seen as a
revolutionary tool to study taxonomic diversity. We aimed to determine which method is the most appropriate to
describe fish and commercial invertebrate diversity comparing bottom trawl hauls, video transects and seawater
eDNA. Our results reveal that video detected the lowest number of taxa and trawling the highest. eDNA analysis
is powerful to describe marine bony fish communities, but some taxa of importance for the ecosystem such as
elasmobranchs, crustaceans or molluscs are poorly detected. This may be due to several factors such as marker
specificity, incomplete reference gene databases or low DNA release in the environment. For now, the various
methods provide different information and none is exhaustive enough to be used alone for biodiversity
characterisation.

1. Introduction

In light of the mounting anthropogenic pressures and the concomi-
tant loss of biodiversity (Cardinale et al., 2012; Díaz and Malhi, 2022;
Lawlor et al., 2024), it is more imperative than ever to characterize
biodiversity, evaluate, manage and protect populations of species and
communities. Standardised biodiversity monitoring is already underway
(Costello et al., 2017; Gotelli and Colwell, 2001), particularly in areas of
commercial and conservation importance, such as coastal environments.
Due to their multifunctionality (e.g. fishing and recreational activities,
marine energies, transport) and their ecological role (e.g. nurseries,
spawning grounds), coastal environments are likely to change rapidly
(O’Hara et al., 2021).
In soft-bottom habitats, sampling methods are usually extractive,

negatively affecting organisms and their habitats. Scientific trawling has
been traditionally used to collect data on bentho-demersal biodiversity.
It allows an accurate identification of the sampled species and provides
abundance estimates. Its major bias is that it samples a specific body size
range based on the mesh size and net opening (Costello et al., 2017). The
scale of seafloor destruction by scientific trawling is minor compared to

commercial trawling, however it still raises ethical and conservational
issues (Trenkel et al., 2019). These issues have led scientists to use new
tools. In recent years, less invasive methods have been used. Underwater
video, baited or not, towed or fixed (Mallet and Pelletier, 2014), and
more recently environmental DNA (hereafter eDNA) which has the po-
tential to improve marine biodiversity monitoring (Danovaro et al.,
2016), are among these methods. Underwater video has been quite
recently developed and used to monitor populations and communities,
as well as to collect data on their surrounding environment. However,
video analysis, even with the help of artificial intelligence technologies,
is still time-consuming, as videos need to be analysed or annotated.
Moreover, underwater video usually provides data at a low taxonomic
resolution, with many taxa identified at higher levels than species, due
to poor quality image or bad visibility because of the water turbidity. It
is rather adapted to identify larger and slow or non-elusive taxa. As
underwater videos are often deployed during day-time, nocturnal spe-
cies may be missed. In that context, eDNA is seen as a revolutionary tool
to study species richness in marine environments. eDNA analysis is
non-invasive and very accurate in species determination (Danovaro
et al., 2016), given that targeted genetic markers and furnished
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databases are used. This method consists in collecting sediment or
seawater, from which targeted genetic material is amplified. Sampling is
quick compared to the other two methods and requires filtering of a few
litres of water or a few grams of sediment. However, its efficiency de-
pends on the markers used (Freeland, 2017) and species identification
requires prior sequencing and sharing in databases (Schenekar et al.,
2020; Weigand et al., 2019).
The performance of different sampling methods has been previously

compared two by two, e.g. Underwater visual census (UVC) or baited
remote underwater videos (BRUV) versus eDNA analysis (Boussarie
et al., 2018; Kopp et al., 2023; Mathon et al., 2022; Nguyen et al., 2020;
Polanco Fernández et al., 2020; Stat et al., 2019) or eDNA analysis vs.
trawling (Thomsen et al., 2016; Zhou et al., 2022; Zou et al., 2020) but to
the best of our knowledge, very few studies has compared the perfor-
mance of three methods to determine marine biodiversity on a large
geographical scale (e.g. Aglieri et al. (2021) for fish community). The
Grande Vasière is a wide area of soft-bottom habitats in the Bay of Biscay
that has been monitored annually since 2004, using first scientific
trawling and then underwater video campaigns (ICES, 2015; Mérillet
et al., 2018). These long-term datasets make this area an ideal candidate
to test the effectiveness of well-established sampling methods compared
to eDNA analysis. Implementing effective monitoring tools that are cost-
and time-effective, as well as non-invasive, is an important challenge for
both fishing and conservational objectives. The aim of this study was to
determine which sampling method is the most effective for identifying
fish and commercial invertebrates in soft-bottom habitats. Within this
overarching goal, we further tried to identify the advantages and
drawbacks of each method and to determine whether eDNA analysis
could potentially replace trawling or video in the near future.

2. Methods

2.1. Study area and data collection

The Grande Vasière is located in the north-eastern part of the Bay of
Biscay in the north-east Atlantic (Fig. 1). It is an area of high commercial
importance for the Nephrops fishing industry in Europe and covers
18,360 km2 of soft and muddy substrate. Data were collected using three
different sampling methods and covered the whole area. The three
datasets were sampled at the same time of year, in late spring/beginning
of summer, in order to be sure to collect the same type of communities.
Overall, 37 water samples were collected for eDNA, 141 tows for sci-
entific trawling and 225 underwater video transects were deployed
(Figs. 1 and 2a).

2.2. Environmental DNA surveys

2.2.1. Sampling
In May 2021 and May 2022, water samples were collected with a

Niskin bottle 1 m above the seafloor for eDNA analysis during the
PELGAS campaign (Doray and Duhamel, 2022) at depth ranging from 53
to 139 m. The PELGAS campaign follows a sampling scheme consisting
in systematic line transects perpendicular to the French coast (Doray
et al., 2018). All sampling points located on these transects and located
in the Grande Vasière were selected. For each sample, between 2 and 4 L
of seawater were filtered on 0.45 μmSterivex filters. For each sample, all
the equipment was sterilised and single-use gloves and masks were used
during filtration to avoid contamination. Control samples (filtration of
distilled water on site) were also taken and analysed. The control sam-
ples were taken at the beginning and end of the cruise and at the first and
second thirds of the samples taken for taxonomic richness assessment.
All samples were stored at − 20 ◦C onboard until shipment to the lab and
DNA extraction.

Fig. 1. Sampling of bentho-demersal species of the Grande Vasière (Bay of Biscay) by three sampling methods; scientific trawling (green stars), eDNA analysis (red
triangles) and underwater video (blue diamonds).

A. Le Joncour et al.
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2.2.2. DNA extraction, PCR amplification and high-throughput sequencing
The following steps were performed by ID-Gene Ecodiagnostics, a

laboratory specialised in environmental genomics. In the laboratory,
bottom water eDNA (100 μl) was extracted using the DNeasy Power-
water Sterivex kit (Quiagen), following manufacturer instructions. All
DNA extracts were stored at − 20 ◦C. All samples were then amplified
using three mitochondrial markers: a 280bp long fragment of the 16S
rRNA gene specific to vertebrates and molluscs [16Smix F and R,
degenerated version of primers 16S from Kitano et al. (2007), reference
herein], a 380bp long fragment of the COI gene commonly used as
barcode for animals [forward mlCOIintF from Leray et al. (2013)),
reverse dgHCO-2198 from (Meyer, 2003)], and a 220bp long fragment
of the 16S gene specific to Decapods (MiDeca-F from (Komai et al.,
2019), MiDecaMod-R modified from Komai et al. (2019), reference
herein) (see Online resource 1 for detailed information about the
primers and PCR conditions). For each sample and marker, seven PCR
reactions and one negative control were performed. In the case of
MiDeca marker, a second round of amplifications (reamplification) with
the same set of primers using the first PCR as template was performed in
order to concentrate decapod DNA and facilitate detection. For 16S and
COI markers, 1 μl of DNA extract was used as template, and 2 μl for
MiDeca primers. Tagged primers bearing 8 or 9 nucleotides attached at
each primer’s 5′-extremity were used to enable multiplexing of all PCR
products in a unique sequencing library (Esling et al., 2015). The results
of the 7 PCR reactions were pooled and quantified. These pools were
then quantified with capillary electrophoresis using QIAxcel instrument
(Qiagen). Equimolar concentrations of PCR products were pooled for
each library and purified using High Pure PCR Product Purification kits
(Roche Applied Science). Libraries preparation was performed using
Illumina TruSeq® DNA PCR-Free Library Preparation Kit. The libraries
were then quantified with qPCR using KAPA Library Quantification Kit
and sequenced on a MiSeq instrument using paired-end sequencing for
500 cycles (2 X 251bp) with Standard kit v2 for each marker.

2.2.3. High-throughput sequencing (HTS) data analysis
The data analysis was performed using SLIM pipeline (Dufresne et al.,

2019).The raw sequences were demultiplexed using the DTD software
(https://github.com/yoann-dufresne/DoubleTagDemultiplexer) to
retrieve unique tag-encoded primers combinations associated to each
sample (allowing no mismatches). The further steps including the quality
filtering, were performed using DADA2 v1.12.1 R package (Callahan
et al., 2016). These include the quality filtering with the filterAndTrim
function (maxN = 0, truncQ = 2, rm.phix = TRUE and maxEE = 2), the
trimming of primers using the cutadapt v2.4 software (Martin, 2011), the
filtering of any read that still contain traces of primers, the filtering of any
read below 20 bp, the training of errors models using the learnErrors
function of DADA2 with default settings and the inference of Amplicon

Sequence Variants (ASVs) using the dada function with default settings.
Finally, the overlapping paired-end reads were merged using the merge-
Pairs function with the option ‘trimOverhang’ set to true.
The total reads/sample in original MiSeq output, reads/sample after

bioinformatic processing as well as number of reads/sample for each
taxa by markers are given in Online resource 2. A substantial proportion
of reads were unassigned in some samples with all three markers. A
description of unassigned reads in control samples is available in Online
Resource 3. Taxonomic assignment was then performed using the
function IdTaxa in the decipher R package (Wright, 2016), with the
default parameters and a threshold of 60% following Murali et al.
(2018). We used a curated database (NCBI) comprising all metazoan
species present in the studied area for which sequences were available in
GenBank and for which assignment was verified by phylogenetic trees
(See Online resource 4 for detailed information about the coverage of
reference database).

2.3. Scientific trawl surveys

The bottom trawl surveys occurred in May 2012 and May 2013.
Sampling is defined each year within the Grande Vasière based on a
randomly stratified strategy from a sedimentary map of the area estab-
lished by Bouysse et al. (1986): sampling points are allocated and
randomly placed within each sedimentary strata based on its total sur-
face and the relative activity of fishing boats within them. The fishing
gear used was a bottom twin trawl 15m/21.20m (1.80m height, 8m x 2
width, 80 mm mesh size). Each tow lasted 30 min at 3.5 knots. Depth
ranged between 60 and 133 m. The totality of the catch was sorted and
as the first aim of the survey was species stock evaluation, all the fish,
commercial crustaceans and cephalopods were identified onboard by
the scientific crew. Species identification was done at the lowest possible
taxonomical level based on (Garren et al., 2020) guide, mainly at species
level. Whenever needed, a binocular was used for examination of
morphological features (e.g. cephalopod’s tentacular clubs with
suckers).

2.4. Underwater video surveys

The underwater video surveys occurred in May 2019 and July 2020.
225 stations for video observation were selected randomly using a fixed
isometric grid with a 4.5–4.7 nautical mile interval (Vacherot et al.,
2019). An underwater sledge equipped with lights, a High-Definition
Camera with an oblique angle to the seabed and data loggers
(turbidity, depth, salinity) was deployed at each station. Once stable on
the seabed, the sledge was towed behind the vessel at a low average
speed of 0.85 knots for 10 min, to allow for a detailed examination of the
seabed. Depth ranged between 47 and 173 m. Each video was then read

Fig. 2. a) Sampling size per method. b) Total taxonomic richness per method. c) Mean taxonomic richness per sample for each method. The violin plots show the
distribution of taxonomic richness and the boxplots show the mean, median and interquartile range of the taxonomic richness. Pink = eDNA analysis, green =

scientific trawling, blue = underwater video.
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twice by a qualified scientist and the bentho-demersal species were
identified up to the lowest taxonomic level possible. When it was not
possible to go to species level, higher taxonomic levels were used such as
genus, family or class.

2.5. Data analysis

As the bottom trawl survey identifies and counts only commercial
species within invertebrates captured by bottom trawling, we had to
exclude non-commercial invertebrate species identified with eDNA and
underwater video from the analyses. Conversely, all fish captured during
these campaigns were identified, regardless of their commercial status,
therefore we chose to keep all fish species for a more exhaustive com-
parison of the three. A Kruskal-Wallis test followed by a Dunn’s test was
performed on the list of identified taxa, to test the differences in taxo-
nomic richness per sample between the three methods. A non-
parametric test has been preferred since normality assumptions were
not met for eDNA data (Shapiro tests, p < 0.05).
The relationship between taxa diversity and sampling effort was

assessed through the analysis of rarefaction curves. These curves
represent the number of taxa detected depending on the sampling effort.
The sample-based taxa rarefaction curves were calculated for each
sampling method using the function specaccum from the vegan R package
(Oksanen et al., 2020). In order to predict taxonomic richness detect-
ability and evaluate the number of samples necessary to identify the
maximum number of taxa for each method, five models were fitted on
the rarefaction curves using the nls function in the stats R package;
negative exponential models with 2 and 3 parameters, an exponential
model, a Monod model and a rational function model. The AICc (cor-
rected Akaike Information Criterion) was then calculated to select the
best model for each method (AICcmodavg R package, Mazerolle (2020)).
Data were then pooled at the genus level to keep as much data as

possible, while ensuring a biologically relevant resolution. Especially for
underwater video, restricting the data at species level would have meant
losing nearly 40% of data (Fig. 4). To this end, any taxa identified above
the genus level was excluded and those identified at species level were
grouped into genus. We then drew a Venn diagram on this restricted
dataset (ggvenn R package, Yan (2021)) and a taxonomic tree (ape R
package, Paradis and Schliep (2019)) to represent the number and
identity of taxa detected by each method.
All graphs and statistical analyses were performed in R 4.0.3 and the

map was created in QGIS 3.16.3-Hannover.

3. Results

3.1. Taxonomic resolution varies between methods

Both scientific trawling and eDNA analysis are the most accurate in
terms of taxonomic resolution (Fig. 3). Around 92% of the taxa were
identified to the species level with both methods. On the contrary, it was

more difficult to identify taxa at the species level with underwater video.
Nearly half of the taxa (42%) were identified above species level by this
method, with 4% only being assigned at class level (and corresponding
to Actinopterygii and Cephalopoda).

3.2. Differences in taxonomic richness

A total of 134 taxa were detected across the three methods. Scientific
trawling detected the most taxa (91), while underwater video and eDNA
detected 55 and 61 taxa respectively (Fig. 2b). The mean taxonomic
richness per sample (Fig. 2c) was significantly different between
methods (Kruskal-Wallis test, chi-squared = 279, P < 0.001). In
particular, scientific trawling detected over four times more taxa (SR ±

SD = 30.5 ± 3.6; Dunn’s test, P < 0.001) than both underwater video
(SR ± SD = 6 ± 2.5) and eDNA analysis (SR ± SD = 8.7 ± 4.9) (Fig. 2c).
There was also a significant difference of taxonomic richness between
eDNA analysis and underwater video (P = 0.03).
Half the identified genera (45 out of 91) were only detected by a

single method, mostly by scientific trawling with the detection of 27
different genera, and 17 by eDNA analysis only (Figs. 4a–5). Underwater
video identified just one genus (Echiodon) that has not been detected by
either eDNA analysis or scientific trawling (Online resource 4). 23
different genera were detected by the threemethods. The taxonomic tree
highlights that the taxa identified by the three methods are among the
most occurrent on the Grande Vasière, such as Nephrops, Microchirus,
Merluccius, Trisopterus, Micromesistius, Callionymus (Fig. 5 and Online
Resource 4). eDNA analysis detected taxa from Malacostraca, Elasmo-
branchii and Teleosteii classes (Fig. 4b). It did not detect any molluscs
while scientific trawling and underwater video both detected taxa from
Malacostraca, Teleosteii, Elasmobranchii, Bivalvia and Cephalopoda
classes. Furthermore, scientific trawling was the only method to detect
Petromyzonti (Fig. 4b and Online Resource 6).

3.3. Taxa detectability revealed for each method

The rarefaction curves show that scientific trawling detects the most
taxa for the same number of samples, followed by eDNA analysis, and
then underwater video which detects the lowest number of taxa (Fig. 6a
and b). The asymptotes are different for each method, indicating that the
three methods have different detectability rates. Scientific trawling and
underwater video have both almost reached asymptotes, meaning that
they have detected nearly the maximum number of taxa (corresponding
to their detectability). eDNA analysis though, with 37 samples, does not
reach the asymptote for the rarefaction curve. Out of the five models, the
rational function, an asymptotic model with three parameters, had the
best AICc for all three sampling methods (Table 1). The fitted curves for
this model show that doubling the sampling effort for scientific trawling
and underwater video, would increase taxonomic richness and allow the
detection of only 8 and 5 new taxa respectively, as they have already
nearly reached asymptote (Fig. 6c). Doubling the effort for eDNA would

Fig. 3. Taxonomic resolution identified by eDNA analysis, scientific trawling and underwater video. Proportions show the number of taxa per taxonomic rank for
each method.

A. Le Joncour et al.
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increase richness to 69 taxa (8 more). Asymptotes reached respectively
79, 105 and 62 taxa for eDNA analysis, scientific trawling and under-
water video. More importantly, these models show that even if the
number of samples for eDNA analysis and underwater video increased,
these two methods would never reach the rate of detection of scientific
trawling, which detects more than 25 taxa more than both other
methods.

4. Discussion

A total of 134 fish and commercial invertebrates were detected by at
least one of the three methods, among which scientific trawling identi-
fied 91 taxa, eDNA analysis 61 taxa and underwater video 55 taxa. When
considering the number of taxa per sample, trawling remains the best
performing method, but eDNA analysis revealed to be better than un-
derwater video (Table 2).
Our study differs from other studies that identified more or an equal

number of fish species with eDNA than with other sampling methods [e.
g. Afzali et al. (2020) who found 71 species with eDNA vs 64 with
trawling or Boussarie et al. (2018) who detected 44%more shark species
with eDNA than with UVC or BRUV] but is consistent with other studies
finding more species with trawling or video than with eDNA [see for
example Stoeckle et al. (2021) for which 70–87% of the species detected
with trawling were detected with eDNA or Nguyen et al. (2020) that
identified 97 fish species with visual census vs. 79 by eDNA]. Similar to
our study, Stoeckle et al. (2021) found that both eDNA analysis and
trawling identified almost all the dominant species. Compared to
trawling, eDNA enables identification of streamlined and small-sized
species that probably escape the trawl through the mesh due to their
body shape and size. For instance, 4 species of Gobiidae were identified
by eDNA as well as 2 species of sand eel. The same pattern was noticed
by Afzali et al. (2020) for several species of eelpout and sand lances that
were much more detected in eDNA samples than in trawls. Nevers et al.
(2018) also used eDNA for studying round goby presence in US lakes and
found this method well-suited for this species, even for fish count as the
eDNA concentration was positively correlated to the number of gobies.
These differences may also be due to the fact that the study considered
only vertebrates and mainly bony fish [see (Ruppert et al., 2019) for a
review] whereas we considered a broader range of taxa, including
cartilaginous fish, crustaceans, and molluscs. Furthermore, the primers
employed as well as their ability to detect species is highly variable
(Zhang et al., 2020). In the present study, even among Chordata, eDNA

failed to detect petromyzontids and elasmobranchs that are usually rare
species. No species of molluscs was detected by eDNA whereas both
trawling and videos identified bivalves and cephalopods. eDNA studies
in marine ecosystems have traditionally focused on fish taxa. However,
an increasing number of studies are now considering benthos and other
taxa than fish (Antich et al., 2021; Garlapati et al., 2019; Merten et al.,
2021; Nguyen et al., 2020). Several factors could be examined to try to
explain why eDNA analysis found less taxa than trawling. The number of
replicates per site may have influenced species detection. For instance,
when comparing fyke net and eDNA for freshwater fish determination,
Shaw et al. (2016) found that two 1L water samples per site were
insufficient for detecting rare taxa but that five 1L samples per site
enabled a 100% detection rate. In highly diverse tropical ecosystems
such as coral reefs, Stauffer et al. (2021) revealed that a number of sites
comprised between 18 and 52 was required to describe regional di-
versity. For less diverse ecosystems, the number of replicates to qualify
species biodiversity using eDNA is probably lower. Because the con-
centration of DNA may be low in environmental samples, the volume of
seawater needed might be an important factor of variability. Most of the
studies in marine sciences focused on eDNA for biodiversity monitoring,
used around 1–2L per site (e.g. Stat et al. 2017; Boussarie et al. 2018;
Afzali et al. 2020; Stoeckle et al. 2021) or even less (0.5L for (Thomsen
et al., 2012), 0.25L for (Grey et al., 2018). As we used between 2 and 4L
per site for 19 sites and as we compared the species richness at a regional
scale pooling all the samples together, we are confident that our sam-
pling was sufficient. Moreover, rarefaction curves modelling showed
that doubling the number of eDNA samples would only add the detec-
tion of 6 more taxa. The discrete sampling that we have used could have
led to miss some taxa in the eDNA samples. However, several authors
agreed that eDNA can be displaced over long distance (Andruszkiewicz
et al., 2019; Thomsen et al., 2012). Yet even with one single point
sampling compared to the long distance of trawling or video transect,
eDNA spatial resolution can be large in marine environment. Other
approaches undertake continuous sampling (Maiello et al., 2022) or
discrete samples combined (e.g. benthic, at 1m above sediment and in
the water column and process them all together) to prevent a sampling
bias. Sediment samples could also be considered for future researches as
Turner et al. (2015) evidenced that sedimentary eDNA for carp was
8–1800 times more concentrated in sediment than in water, and remain
detectable up to 132 days. Nevertheless, Shaw et al. (2016) have found
that eDNA from water samples is a better match for taxa that are
physically present at the time of sampling.

Fig. 4. a) Venn diagram showing the taxa identified at genus level detected by the three sampling methods. A detailed list of taxa detected by a single, two or three
methods is available in Online Resource 5. b) Number of genera per phylum identified by each method. Pink = eDNA analysis, green = scientific trawling, blue =
underwater video.

A. Le Joncour et al.
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Beyond fish species, our study also focusses on commercial in-
vertebrates. Considering multiple genetic markers increased the detec-
tion success, we decided to combine threemarkers amongwhichMiDeca
which is specific to Decapod detection. However, no bivalves nor
cephalopods could be detected with the markers used. Several expla-
nations could be formulated. First, the absence of detection of some
taxonomic group may be linked to the selected markers’ specificity. For
cephalopods, de Jonge et al. (2021) recently identified a primer for
eDNA analysis of Cephalopoda that we could have used to target this
taxonomic group. Even for fish, the choice of markers could lead to
differences in diversity. In Xiong et al. (2022) review on studies using
eDNA to monitor fish diversity, it appears that the two primers we have
chosen are commonly used for this purpose, in particular COI that is in
fourth position in terms of frequency of selection. However, considering
a list of 22 primer sets for eDNA metabarcoding of teleost fish, Zhang
et al. (2020) underline considerable differences depending on the primer
selection, mainly in terms of fish taxa richness, with a variation from 0 to
66 taxa for a given sample. The 16S and COI markers perform quite well,
but our results would have been different using a 12S rRNA marker that
has been shown to outperform other primers in terms of amplified fish
diversity. Diversifying the primers used would change the shape of the
rarefaction curve associated with eDNA to either approach the one

associated with trawling or even go over it (Fig. 6). However, as it may
be expensive to use multiple markers to increase detection probability, a
compromise has to be found when studying several phyla (Collins et al.,
2019; Freeland, 2017). Another explanation could be related to DNA
release, dispersal, and degradation in seawater. According to Antich
et al. (2021), eDNA in water samples is a poor surrogate for the analysis
of benthic communities as only a few detections of benthic organisms
could be made in close-to-bottom seawater. The authors argued that the
rate of DNA shedding from benthic organisms is generally low. They
recommend to sample by scraping the seafloor to capture the benthic
diversity using eDNA, especially for Mollusca, Anthozoa, Phyllodocida
and Decapoda. Thus, DNA shedding rates of benthic invertebrates is
probably lower than those of fish, notably for organisms such as bivalves
that are protected by a shell. For these animals, the main activities
driving the shedding rate are filtering linked to feeding and burrowing
(Sansom and Sassoubre, 2017). Considering three pelagic fish species,
(Sassoubre et al., 2016) found that the shedding rate is highly variable
depending on fish size. The same author as well as other authors
(Thomsen et al., 2012) revealed that DNA degradation is faster in marine
environments than in freshwater, with DNA concentration rapidly
dropping below the detection threshold (after 3–4 days for Sardinops
sagax and Engraulis mordax, 0.9 days for Gasterosteus aculeatus and 6.7

Fig. 5. Taxonomic tree of the genera identified in this study by eDNA analysis, scientific trawling and underwater video. Colours indicate the genera identified by
either a single method (blue), two methods (yellow) or three methods (red). The grey shaded ring represents the class to which belongs each genus.

A. Le Joncour et al.
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Fig. 6. Sample-based rarefaction curves (red = eDNA analysis; green = scientific trawling; blue = underwater video). a) Rarefaction curves of the accumulated
taxonomic richness sampled by the three sampling methods (eDNA, scientific trawling and underwater video) in the Grande Vasière. The shaded areas indicate the
confidence interval. b) Rarefaction curves zoomed on the first 20 samples of each method. The error bars indicate standard deviation. c) Estimated rarefaction curves
fitted with the rational function model (Table 1) for each of the three sampling methods. The first coloured number in the left bottom corner corresponds to the
present number of samples, the following number correspond to a doubling of the number of samples. The coloured numbers on the left top of the graphs correspond
to the richness associated to the present number of samples, a doubling of the samples and asymptote.

Table 1
Models fitted for taxa rarefaction curves obtained from the three sampling methods used in this study, eDNA analysis, scientific trawling and underwater video. The
best-fitting model is highlighted in bold and underlined.

Model Model details AICc

Formula Asymptotic Number of parameters eDNA Scientific trawling Underwater video

Negative exponential (1) S = a+ (b − a)e− cX Yes 3 98.09 535.58 778.43
Negative exponential (2) S = a

(
1 − e− bX) Yes 2 150.25 979.14 1161.96

Exponential S = a+ b log(X) No 2 137.03 590.57 700.89
Monod S = a/

(
1 + bX− 1) Yes 2 85.90 858.38 915.79

Rational function S = (a + bX) /(1 + cX) Yes 3 29.50 466.17 578.71

Table 2
Pros and cons of the different techniques.

Method Taxonomic
resolution

Estimating taxonomic
richness

Taxa detected Detectability and number
of samples required

Other benefits Limitations

eDNA Excellent Better estimation of richness
than underwater video but
far behind bottom trawling

Most occurrent taxa from
Malacostraca, Elasmobranchii
and Teleosteii. No Mollucs
detected

Rate of detection slightly
below bottom trawling
(asymptote not reached
with 37 samples)

Potential
detection of
cryptic species

Completeness of
reference databases,
markers selection,
number of reads.
No reliable assessment of
biomass currently

Bottom
trawling

Excellent Highest richness detected
(~four times more taxa
detected than with the other
two sampling methods)

Most occurrent taxa from
Malacostraca, Teleosteii,
Elasmobranchii, Bivalvia and
Cephalopoda.

Best rate of detection
(asymptote almost reached
with 141 samples)

Biomass
estimation

Extractive and impacting
to the environment.
Identification can be
time consuming.

Underwater
video

Less accurate Lowest richness detected Most occurrent taxa from
Malacostraca, Teleosteii,
Elasmobranchii, Bivalvia and
Cephalopoda.

Lowest rate of detection
(asymptote almost reached
with 225 samples)

Visualisation of
the habitat

Identification of taxa is
time-consuming if not
automated.
The estimation of
biomass may be limited.
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days for Platichthys flesus). For bivalves, (Sansom and Sassoubre, 2017)
revealed that after 4 days, the concentration of eDNA was below the
level of detection. To increase the detection for some taxonomical
groups, methodological improvements simple to address may be
considered such as adding markers, but intrinsic factors such as the DNA
shedding rates or decay are difficult to overcome. However, as DNA
decays quite fast (e.g. a persistence of eDNA of 48h in marine systems,
Collins et al. 2018) we can be confident that the diversity reflected in our
samples corresponds to the recent diversity.
When considering the number of samples needed to characterize the

biodiversity in our area, we highlight that video sampling is probably
the less adapted method to reveal the biodiversity of muddy habitats.
Indeed, with 225 samples, 55 taxa were detected whereas 91 taxa were
detected with 141 trawl hauls. Several explanations could explain this
result. First video transects covered a smaller surface than trawl hauls
(0.85 knots for 10 min with a camera width of 0.7m for video compared
to 3.5 knots for 30 min with a 8m x 2 width for trawling). With increased
numbers of videos sampling, the number of taxa detected reached a
plateau (Fig. 3) but with a total number of taxa lower than other tech-
niques. Videos were deployed only during day-time and so nocturnal
fauna is missed. This is also the case for trawling that is operated only
during daytime but not for eDNA sampling that capture the whole di-
versity. As the sledge is equipped with artificial lights, this issue could be
easily overcome by deploying night-time videos. The noise and lights of
the sledge may also have frightened mobile species causing them to flee
from the field of view (Lorance and Trenkel, 2006; Stoner et al., 2008;
Sward et al., 2019).
When compared to other non-invasive methods, it also seems that

video is less efficient than eDNA as reported in other studies (Boussarie
et al., 2018; Polanco Fernández et al., 2020). Indeed, eDNA analysis
identified on average 9 taxa per sample against 6 taxa per sample for
video. Compared to trawling or eDNA sampling, video analysis is
time-consuming (up to tens of hours of work for a single transect
depending on the diversity), with a low taxonomical resolution. A pre-
cise species identification needs trained observers as the degree of
taxonomic resolution is dependent on scientists expertise (Ji et al.,
2013). Even with trained observers, video analysis strongly depends on
environmental conditions (especially in muddy habitats) and the
determination often stop at the genus level or even higher due to water
turbidity. It is worth mentioning that in a near future, deep learning
would probably become efficient enough to detect automatically species
on video and forgo time-consuming manual validation (Ditria et al.,
2020; Marrable et al., 2022). Moreover, even if the sledge supporting the
camera has a lower impact on the seafloor than towed fishing gear,
eDNA sampling is far less invasive as the Niskin bottle used for seawater
samples does not touch the seafloor at all. However as for eDNA, this
method has the advantage of being non-extractive and can detect the
most frequent taxa like the two other methods.
To conclude, scientific trawling allows to better describe the bentho-

demersal communities from the Grande Vasière in terms of number of
taxa. However, with one order of magnitude less sampling effort and
diminished impact on species and the seafloor, eDNA analysis allows to
capture the presence of dominant taxa in the area. Moreover, a few
samples rapidly lead to an asymptote in rarefaction curves. Video
analysis is probably the less suitable method, with poor taxonomic
resolution and much bias and time for video processing. Even if eDNA
analysis does not allow a thorough determination of size, sex or abun-
dance yet [but see for instance (Salter et al., 2019)], this method seems
really promising in the future notably in areas inaccessible to other
sampling techniques such as marine protected areas or offshore wind-
farms. For now, the best strategy for describing a whole marine com-
munity in soft bottom environments is probably a combination of
monitoring methods.

CRediT authorship contribution statement

Anna Le Joncour: Writing – original draft, Methodology, Formal
analysis, Data curation. Maud Mouchet: Writing – review & editing,
Methodology, Data curation, Conceptualization. Germain Boussarie:
Writing – review & editing, Visualization, Methodology, Data curation.
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décapodes. Mer du Nord. Manche, Golfe de Gascogne et mer Celtique 91. https
://archimer.ifremer.fr/doc/00353/46431/.

Gotelli, N.J., Colwell, R.K., 2001. Quantifying biodiversity: procedures and pitfalls in the
measurement and comparison of species richness. Ecol. Lett. 4, 379–391. https://
doi.org/10.1046/j.1461-0248.2001.00230.x.

Grey, E.K., Bernatchez, L., Cassey, P., Deiner, K., Deveney, M., Howland, K.L.,
Lacoursière-Roussel, A., Leong, S.C.Y., Li, Y., Olds, B., Pfrender, M.E., Prowse, T.A.
A., Renshaw, M.A., Lodge, D.M., 2018. Effects of sampling effort on biodiversity
patterns estimated from environmental DNA metabarcoding surveys. Sci. Rep. 8,
2–11. https://doi.org/10.1038/s41598-018-27048-2.

ICES, 2015. Report of the Working Group for the Bay of Biscay and the Iberian Waters
Ecoregion (WGBIE). ICES HQ, Copenhagen, Denmark.

Ji, Y., Ashton, L., Pedley, S., Edwards, D., Tang, Y., Nakamura, A., Kitching, R.,
Dolman, P., Woodcock, P., Edwards, F., Larsen, T., Hsu, W., Benedick, Z., Hamer, K.,
Wilcove, D., Bruce, C., Wang, X., Levi, T., Lott, M., Emerson, B., Yu, D., 2013.
Reliable, verifiable and efficient monitoring of biodiversity via metabarcoding. Ecol.
Lett. 16, 1245–1257. https://doi.org/10.1111/ele.12162.

Kitano, T., Umetsu, K., Tian, W., Osawa, M., 2007. Two universal primer sets for species
identification among vertebrates. Int. J. Leg. Med. 121, 423–427. https://doi.org/
10.1007/s00414-006-0113-y.

Komai, T., Gotoh, R.O., Sado, T., Miya, M., 2019. Development of a new set of PCR
primers for eDNA metabarcoding decapod crustaceans. Metabarcoding
Metagenomics 3, 1–19. https://doi.org/10.3897/mbmg.3.33835.

Kopp, D., Faillettaz, R., Le Joncour, A., Simon, J., Morandeau, F., Le Bourdonnec, P.,
Bouché, L., Méhault, S., 2023. Assessing without harvesting: pros and cons of
environmental DNA sampling and image analysis for marine biodiversity evaluation.
Mar. Environ. Res. 188, 106004 https://doi.org/10.1016/j.marenvres.2023.106004.

Lawlor, J.A., Comte, L., Grenouillet, G., Lenoir, J., Baecher, J.A., Bandara, R.M.W.J.,
Bertrand, R., Chen, I.-C., Diamond, S.E., Lancaster, L.T., Moore, N., Murienne, J.,
Oliveira, B.F., Pecl, G.T., Pinsky, M.L., Rolland, J., Rubenstein, M., Scheffers, B.R.,
Thompson, L.M., van Amerom, B., Villalobos, F., Weiskopf, S.R., Sunday, J., 2024.
Mechanisms, detection and impacts of species redistributions under climate change.
Nat. Rev. Earth Environ. 5, 351–368. https://doi.org/10.1038/s43017-024-00527-z.

Leray, M., Yang, J.Y., Meyer, C.P., Mills, S.C., Agudelo, N., Ranwez, V., Boehm, J.T.,
Machida, R.J., 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. Front. Zool. 10, 34. https://doi.org/
10.1186/1742-9994-10-34.

Lorance, P., Trenkel, V.M., 2006. Variability in natural behaviour, and observed
reactions to an ROV, by mid-slope fish species. J. Exp. Mar. Biol. Ecol. 332, 106–119.
https://doi.org/10.1016/j.jembe.2005.11.007.

Maiello, G., Talarico, L., Carpentieri, P., De Angelis, F., Franceschini, S., Harper, L.R.,
Neave, E.F., Rickards, O., Sbrana, A., Shum, P., Veltre, V., Mariani, S., Russo, T.,
2022. Little samplers, big fleet: eDNA metabarcoding from commercial trawlers
enhances ocean monitoring. Fish. Res. 249, 106259 https://doi.org/10.1016/j.
fishres.2022.106259.

Mallet, D., Pelletier, D., 2014. Underwater video techniques for observing coastal marine
biodiversity: a review of sixty years of publications (1952-2012). Fish. Res. 154,
44–62. https://doi.org/10.1016/j.fishres.2014.01.019.

Marrable, D., Barker, K., Tippaya, S., Wyatt, M., Bainbridge, S., Stowar, M., Larke, J.,
2022. Accelerating species recognition and labelling of fish from underwater video
with machine-assisted deep learning. Front. Mar. Sci. 9 https://doi.org/10.3389/
fmars.2022.944582.

Martin, M., 2011. Cutadapt removes adapter sequences from high-throughput
sequencing reads. EMBnet 17 (1), 10–12.

Mathon, L., Marques, V., Mouillot, D., Albouy, C., Andrello, M., Baletaud, F., Borrero-
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Maire, E., Spescha, M., Valentini, A., Manel, S., Mouillot, D., Albouy, C., Pellissier, L.,
2020. Comparing environmental DNA metabarcoding and underwater visual census
to monitor tropical reef fishes. Environ. DNA 3, 142–156. https://doi.org/10.1002/
edn3.140.

Ruppert, K.M., Kline, R.J., Rahman, M.S., 2019. Past, present, and future perspectives of
environmental DNA (eDNA) metabarcoding: a systematic review in methods,
monitoring, and applications of global eDNA. Glob. Ecol. Conserv. 17, e00547
https://doi.org/10.1016/j.gecco.2019.e00547.

Salter, I., Joensen, M., Kristiansen, R., Steingrund, P., Vestergaard, P., 2019.
Environmental DNA concentrations are correlated with regional biomass of Atlantic
cod in oceanic waters. Commun. Biol. 2, 461. https://doi.org/10.1038/s42003-019-
0696-8.

Sansom, B.J., Sassoubre, L.M., 2017. Environmental DNA (eDNA) shedding and decay
rates to model freshwater mussel eDNA transport in a river. Environ. Sci. Technol.
51, 14244–14253. https://doi.org/10.1021/acs.est.7b05199.

Sassoubre, L.M., Yamahara, K.M., Gardner, L.D., Block, B.A., Boehm, A.B., 2016.
Quantification of environmental DNA (eDNA) shedding and decay rates for three
marine fish. Environ. Sci. Technol. 50, 10456–10464. https://doi.org/10.1021/acs.
est.6b03114.

Schenekar, T., Schletterer, M., Lecaudey, L.A., Weiss, S.J., 2020. Reference databases,
primer choice, and assay sensitivity for environmental metabarcoding: lessons learnt
from a re-evaluation of an eDNA fish assessment in the Volga headwaters. River Res.
Appl. 36, 1004–1013. https://doi.org/10.1002/rra.3610.

Shaw, J.L.A., Clarke, L.J., Wedderburn, S.D., Barnes, T.C., Weyrich, L.S., Cooper, A.,
2016. Comparison of environmental DNA metabarcoding and conventional fish

A. Le Joncour et al.

https://doi.org/10.1038/s42003-018-0192-6
https://doi.org/10.1038/s41467-017-01121-2
https://doi.org/10.3389/fmars.2016.00213
https://doi.org/10.3389/fmars.2016.00213
https://doi.org/10.1098/rsos.201388
https://doi.org/10.1146/annurev-environ-120120-054300
https://doi.org/10.1146/annurev-environ-120120-054300
https://doi.org/10.3389/fmars.2020.00429
https://doi.org/10.3389/fmars.2020.00429
http://refhub.elsevier.com/S0141-1136(24)00328-3/sref16
https://doi.org/10.1016/j.pocean.2017.09.015
https://doi.org/10.1186/s12859-019-2663-2
https://doi.org/10.1186/s12859-019-2663-2
https://doi.org/10.1093/nar/gkv107
https://doi.org/10.1093/nar/gkv107
http://refhub.elsevier.com/S0141-1136(24)00328-3/sref20
http://refhub.elsevier.com/S0141-1136(24)00328-3/sref20
https://doi.org/10.1007/s11157-019-09501-4
https://doi.org/10.1007/s11157-019-09501-4
https://archimer.ifremer.fr/doc/00353/46431/
https://archimer.ifremer.fr/doc/00353/46431/
https://doi.org/10.1046/j.1461-0248.2001.00230.x
https://doi.org/10.1046/j.1461-0248.2001.00230.x
https://doi.org/10.1038/s41598-018-27048-2
http://refhub.elsevier.com/S0141-1136(24)00328-3/sref25
http://refhub.elsevier.com/S0141-1136(24)00328-3/sref25
https://doi.org/10.1111/ele.12162
https://doi.org/10.1007/s00414-006-0113-y
https://doi.org/10.1007/s00414-006-0113-y
https://doi.org/10.3897/mbmg.3.33835
https://doi.org/10.1016/j.marenvres.2023.106004
https://doi.org/10.1038/s43017-024-00527-z
https://doi.org/10.1186/1742-9994-10-34
https://doi.org/10.1186/1742-9994-10-34
https://doi.org/10.1016/j.jembe.2005.11.007
https://doi.org/10.1016/j.fishres.2022.106259
https://doi.org/10.1016/j.fishres.2022.106259
https://doi.org/10.1016/j.fishres.2014.01.019
https://doi.org/10.3389/fmars.2022.944582
https://doi.org/10.3389/fmars.2022.944582
http://refhub.elsevier.com/S0141-1136(24)00328-3/sref36
http://refhub.elsevier.com/S0141-1136(24)00328-3/sref36
https://doi.org/10.1098/rspb.2022.0162
http://refhub.elsevier.com/S0141-1136(24)00328-3/sref38
http://refhub.elsevier.com/S0141-1136(24)00328-3/sref38
https://doi.org/10.1016/j.seares.2018.05.010
https://doi.org/10.3389/fmars.2021.760108
https://doi.org/10.1046/j.1095-8312.2003.00197.x
https://doi.org/10.1046/j.1095-8312.2003.00197.x
https://doi.org/10.1186/s40168-018-0521-5
https://doi.org/10.1186/s40168-018-0521-5
https://doi.org/10.1371/journal.pone.0191720
https://doi.org/10.1038/s41598-020-63565-9
https://doi.org/10.1038/s41598-020-63565-9
https://doi.org/10.1126/science.abe6731
https://doi.org/10.1126/science.abe6731
http://refhub.elsevier.com/S0141-1136(24)00328-3/sref46
http://refhub.elsevier.com/S0141-1136(24)00328-3/sref46
http://refhub.elsevier.com/S0141-1136(24)00328-3/sref46
http://refhub.elsevier.com/S0141-1136(24)00328-3/sref47
http://refhub.elsevier.com/S0141-1136(24)00328-3/sref47
https://doi.org/10.1002/edn3.140
https://doi.org/10.1002/edn3.140
https://doi.org/10.1016/j.gecco.2019.e00547
https://doi.org/10.1038/s42003-019-0696-8
https://doi.org/10.1038/s42003-019-0696-8
https://doi.org/10.1021/acs.est.7b05199
https://doi.org/10.1021/acs.est.6b03114
https://doi.org/10.1021/acs.est.6b03114
https://doi.org/10.1002/rra.3610


Marine Environmental Research 200 (2024) 106667

10

survey methods in a river system. Biol. Conserv. 197, 131–138. https://doi.org/
10.1016/j.biocon.2016.03.010.

Stat, M., Huggett, M.J., Bernasconi, R., Dibattista, J.D., Berry, T.E., Newman, S.J.,
Harvey, E.S., Bunce, M., 2017. Ecosystem biomonitoring with eDNA : metabarcoding
across the tree of life in a tropical marine environment. Sci. Rep. 7, 12240 https://
doi.org/10.1038/s41598-017-12501-5.

Stat, M., John, J., DiBattista, J.D., Newman, S.J., Bunce, M., Harvey, E.S., 2019.
Combined use of eDNA metabarcoding and video surveillance for the assessment of
fish biodiversity. Conserv. Biol. 33, 196–205. https://doi.org/10.1111/cobi.13183.

Stauffer, S., Jucker, M., Keggin, T., Marques, V., Andrello, M., Bessudo, S., Cheutin, M.C.,
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Pfannkuchen, M.A., Price, B.W., Rinkevich, B., Teixeira, M.A.L., Várbíró, G.,
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