
HAL Id: lirmm-04712568
https://hal-lirmm.ccsd.cnrs.fr/lirmm-04712568v1

Submitted on 27 Sep 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License

Detecting local variations across metazoan communities
in back-reef depressions of Reunion Island (Mascarene

Archipelago) through environmental DNA survey
Dominique A Cowart, Thomas Chevrier, Anne-Elise Nieblas, Jérémie Chanut,

Serge Bernard, Sylvain Bonhommeau

To cite this version:
Dominique A Cowart, Thomas Chevrier, Anne-Elise Nieblas, Jérémie Chanut, Serge Bernard, et al..
Detecting local variations across metazoan communities in back-reef depressions of Reunion Island
(Mascarene Archipelago) through environmental DNA survey. Frontiers in Marine Science, 2024, 11,
�10.3389/fmars.2024.1423676�. �lirmm-04712568�

https://hal-lirmm.ccsd.cnrs.fr/lirmm-04712568v1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


Frontiers in Marine Science

OPEN ACCESS

EDITED BY

Adriana Vallesi,
University of Camerino, Italy

REVIEWED BY

Eva Aylagas,
King Abdullah University of Science and
Technology, Saudi Arabia
Chiara Manfrin,
University of Trieste, Italy

*CORRESPONDENCE

Dominique A. Cowart

dominique.cowart@company-coool.io

RECEIVED 26 April 2024
ACCEPTED 26 August 2024

PUBLISHED 27 September 2024

CITATION

Cowart DA, Chevrier T, Nieblas A-E, Chanut J,
Bernard S and Bonhommeau S (2024)
Detecting local variations across metazoan
communities in back-reef depressions of
Reunion Island (Mascarene Archipelago)
through environmental DNA survey.
Front. Mar. Sci. 11:1423676.
doi: 10.3389/fmars.2024.1423676

COPYRIGHT

© 2024 Cowart, Chevrier, Nieblas, Chanut,
Bernard and Bonhommeau. This is an open-
access article distributed under the terms of
the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

TYPE Original Research

PUBLISHED 27 September 2024

DOI 10.3389/fmars.2024.1423676
Detecting local variations across
metazoan communities in back-
reef depressions of Reunion
Island (Mascarene Archipelago)
through environmental
DNA survey
Dominique A. Cowart 1*, Thomas Chevrier 1,2,
Anne-Elise Nieblas 1, Jérémie Chanut 1, Serge Bernard 3

and Sylvain Bonhommeau 2

1Company for Open Ocean Observations and Logging (COOOL), Saint-Leu, La Réunion, France,
2IFREMER, DOI Délégation Océan Indien, Le Port, La Réunion, France, 3LIRMM-CNRS-University of
Montpellier, Rue Ada, Montpellier, France
The back-reef depressions, or lagoons, of Reunion Island (western Indian Ocean)

host a high abundance of organisms living amongst the coral reefs and are critical

sites for artisanal fishing, tourism, and shoreline stability for the island. Over time,

increasing degradation of Reunionese reefs has been observed due to

overexploitation, beach erosion and eutrophication. Efforts to mitigate the impact

of these pressures on aquatic organisms include biodiversity surveys primarily

performed through visual censuses that can be logistically complex and may

unintentionally overlook organisms. Surveys integrating environmental DNA

(eDNA) collections have provided rapid biodiversity assessments, while helping to

circumvent some limitations of visual surveys. The present study describes the results

of an exploratory eDNA survey, which aims to characterize metazoan communities

of four Reunionese lagoons located along the west coast of the island. As eDNA

surveys first require deliberate study design and optimization for each new context,

we sought to establish amodernizedworkflow implementing specialized equipment

to collect and preserve samples to facilitate future studies in these lagoons. During

the austral summer of 2023, samples were pumped directly from surface and

bottom depths at each site through self-preserving filters which were then

processed for DNA metabarcoding using regions of the 12S ribosomal RNA (12S),

small ribosomal subunit 18S (18S) andCytochromeOxidase I (COI) genes. The survey

detected high species richness that varied by site, and in a single collection period,

recovered the presence of 60 teleost families and numerous invertebrate taxa,

including members of the coral faunal community that are less studied in Reunion.

Distinct biological communities were observed at each site, and within a single

lagoon, suggesting that these differences are due to site-specific factors (e.g.,

environmental variables, geographic distance, etc.). Although continued protocol

optimization is needed, the present findings demonstrate the successful application

of an eDNA-based survey for biodiversity assessment within Reunionese lagoons.
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Introduction

Coral reefs are biologically diverse ecosystems that act as a complex

habitat for multitudes of species and a source of livelihood for many

human populations (McManus et al., 2000). As a result of their

positioning along coasts and proximity to humans, these ecosystems

have been heavily impacted by global and local pressures over the last

60 years, leading to a 50% decline in coral reef cover worldwide (Eddy

et al., 2021). The pressures affecting coral reefs have been largely

classified into “acute threats” (e.g., destructive fishing practices and

other forms of mechanical damage) and “chronic stressors” (e.g.,

overfishing, pollution, sedimentation and eutrophication from coastal

runoff, climate change) (Edinger et al., 1998). These pressures have

resulted in the degradation of many reefs through coral bleaching, the

proliferation of diseases among reef species, the reduction of

biodiversity, local extinctions and more (Randall and van Woesik,

2017; van Woesik and Kratochwill, 2022). The resilience, management

and conservation of coral reefs and their resources are therefore

continuing focal points of intense investigation by government

officials and research scientists alike (Norström et al., 2016).

The western Indian Ocean is home to approximately 6% of the

planet’s corals and is a hotspot of marine biodiversity (Obura et al.,

2017, Obura et al., 2022). Within this sector lies the Mascarene

Archipelago that includes Reunion Island, which hosts back-reef

depressions containing short stretches of narrow fringing coral reefs

that are situated along the western and southwestern coasts

(Thébaud et al., 2009). Here, reef flat communities are dominated
Frontiers in Marine Science 02
by scleractinian corals of the genera Acropora, Porites, Montipora

and Pavona, as well as several reef fish families living amongst the

corals (wrasse, Labridae; damselfish, Pomacentridae; carnivorous

groupers, Serranidae; Baliste fishes, Balistidae; surgeonfishes,

Acanthuridae; Goatfishes, Mullidae, etc.) (Thébaud et al., 2009;

Tourrand et al., 2013). In Reunion, degradation of the reefs and

lower coral coverage has been observed over decades as a result of

combined factors such as eutrophication and human activities

(pollution, tourism, etc.) (Tessier et al., 2008; Ahamada et al.,

2008; Naïm et al., 2013; Tedetti et al., 2020). Accordingly, the

Natural Marine Reserve of Reunion Island (RNMR) was established

in 2007 and the organization was tasked with the protection and

governance of several reefs along the western coast of the island,

which includes 44 kilometers from Cap La Houssaye (Saint-Paul) to

Roche aux Oiseaux (Etang-Salé) (Figure 1). While biodiversity

surveys of the area have been primarily performed through

visual-based methods to help develop current conservation

strategies (Lagabrielle et al., 2009), these habitats remain difficult

to fully characterize due to the multitude of organisms, and some

individual taxa may be unintentionally overlooked as a result of

their elusive behavior, rarity or small size. Nonetheless, efforts to

mitigate the impact of human activities on animal populations,

while simultaneously managing valuable aquatic resources,

generally depend upon comprehensive assessments of biological

communities (Kantoussan et al., 2018).

A recent approach to circumvent some of the challenges

associated with biodiversity surveys in highly diverse
FIGURE 1

Map of Reunion Island displaying the locations of four back-reef depressions, present only on the west coast of the island: Hermitage, Saint-Leu,
Étang-Salé, and Saint-Pierre. Colored circles indicate the five collection sites within a back-reef depression. The locations of Cap la Houssaye (Saint-
Paul) and Roche aux Oiseaux (Étang-Salé), which are each denoted by a white “X”, represent the northern- and southernmost borders of the area
that falls under the protection and governance of the Natural Marine Reserve of Reunion Island (RNMR).
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environments such as coral reefs has been to collect environmental

samples (e.g.,water and sediment), that contain fragments of DNA

shed from local organisms, and apply DNA sequencing techniques

to these collections (Juhel et al., 2022; Shen et al., 2024). This

‘environmental DNA’ (eDNA) approach has an enormous capacity

for the detection and identification of a variety of taxonomic groups

and has helped to transform the field of conservation genetics

(Seymour, 2019). Given its capacity to identify the taxonomic

composition of a community from a single sample, eDNA

metabarcoding in particular has also been used to investigate

population dynamics, ecosystem health, trophic interactions and

seasonal variations (Dıáz-Ferguson and Moyer, 2014; Sigsgaard

et al., 2016; Parsons et al., 2018; Djurhuus et al., 2018, 2020;

Berry et al., 2019; Ruppert et al., 2019; Nguyen et al., 2020;

Doorenspleet et al., 2021; Ruiz-Ramos et al., 2023; Jiang et al.,

2023). Nevertheless, some factors make the application of eDNA

metabarcoding complex (e.g., highly variable concentrations of

DNA in the environment, differing persistence times and

transport of DNA particles) which necessitates a deliberate study

design and optimization for each new application and target

(Deiner et al., 2017; Xing et al., 2022; Takahashi et al., 2023).

From these initial tests, baseline knowledge is established and used

to pursue more extensive research questions that eDNA can

help resolve.

Our study provides an exploratory examination of the utility of

environmental DNA surveys for biodiversity assessment at four

back-reef depressions of Reunion Island, through the collection and

processing of seawater samples for metabarcoding of three gene

markers. Through this survey, we characterize and compare the

metazoan communities inhabiting Reunionese back-reef

depressions during the austral summer of 2023. Our study

additionally sought to establish a “lab-to-field” workflow for ease

of processing samples from these habitats, including the use of a

specialized pump designed to facilitate water collections and reduce

the risks of contamination.
Materials and methods

Sampling locations

The study focused on four back-reef depressions, referred to

hereafter as “lagoons’’, which only exist on the western coast of

Reunion (Figure 1). These are Hermitage, Saint-Leu, Étang-Salé and

Saint-Pierre (Mahabot et al., 2017). These lagoons and the sites

within were selected as they are followed by RNMR for collection of

biodiversity data and exhibit differing physico-chemical signatures

and thus reef structural composition (Tessier et al., 2008; RNMR

2019). The Hermitage back-reef depression is home to the La Saline

- L’Hermitage reef, which is composed of two subtidal flats

measuring ≤ 2 m depth, 250 - 550 m in width and extending over

9 km (Tourrand et al., 2013). The two sites sampled within this reef

were Toboggan (North) and Planch’Alizé (South) which are

approximately 2 km apart (Figure 1). These two sites exhibit

differing physico-chemical signatures in terms of variations in

salinity and nutrient enrichment, which influence biological
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assemblages (Naïm et al., 2013; Tedetti et al., 2020). For example,

Toboggan is known to be dominated by the branching stony coral

Acropora spp while Planch’Alizé is dominated by other types of

stony corals (Naïm et al., 2013; Tourrand et al., 2013).

Saint-Leu, Étang-Salé and Saint-Pierre are smaller than

Hermitage Reef and all experience strong human pressures

including adjacency to urban areas (Tessier et al., 2008). Notably,

Saint-Pierre experiences inputs of freshwater from the d’Abord River

(Ahamada et al., 2002). Some areas of the Saint-Leu and Saint-Pierre

reefs are dominated by Acropora spp, as well as coral and plankton

feeding fishes, while other areas are home to more resistant and

opportunistic taxa (Porites spp and Montipora spp) and a lower

density and diversity of predatory fishes (Ahamada et al., 2002). At

Étang-Salé, coral colonies primarily consist of Porites spp; and this

site has been recorded as having low algae cover and low presence of

predatory fishes (Ahamada et al., 2002; Tessier et al., 2008).
Sample collections

We performed water collections across five days between

January 5th and February 28th, 2023 (Table 1). On each day,

weather conditions were calm and stable, with clear skies, light

breezes and air temperatures 27 - 30°C. Collections were done using

the Smith-Root© eDNA sampler (ANDe™, Vancouver, WA, USA)

and associated 0.45 µm pore polyethersulfone (PES) filter

membranes (Thomas et al., 2019). The eDNA sampler is an

electronic water pump in which the speed, volume and flow of

water can be regulated using a digital control pad, and collection

poles can be connected to the pump for direct sampling. Individual

filter membranes are contained within housings, which are clamped

to the ends of the collection poles. Attached to the filter housings are

tube extensions that are lowered directly into the body of water

prior to the start of the pump. At each site, sampling was done by

lowering the tube extensions just below the water line (‘surface’) or

attaching long hoses to the housings to pump just above the

substrate (‘bottom’). Using the Smith-Root trident pole, triplicate

samples were taken for each depth category, to help reduce the risk

of false negative detections (Xing et al., 2022).

Water was passed through the filter membranes at a constant

speed of 0.9 - 1 L/min, until they were saturated at 6 L each for a

total of 18 L pumped per triplicate. As the filter membranes were

self-preserving by desiccation, and once pumping was completed,

the tube extensions or hoses were removed from the water and the

pump was allowed to run for 20 s to dry the membranes (Thomas

et al., 2019). The filters, still inside of their housings, were returned

to their individual resealable bags and stored in a cooler for

transport to the lab, where they stayed in dark, ambient

conditions (23°C) until DNA extraction within 1 - 2 months of

collection. Several negative field controls, each consisting of 1 L of

ultrapure water (resistivity of 18 MW-cm at 25°C) placed in 1 L

sterile bottles and then UV sterilized for 10 minutes, were prepared

to help assess potential contamination of the equipment and

supplies. For each set of triplicate samples, one negative control

was filtered through the pump before filtering the seawater samples,

and this was done for both surface and bottom samples, resulting in
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a total of two negative controls for each site. Overall, we obtained a

total of 36 filter membranes (samples) accounting for all surface and

bottom samples taken from the two sites at Hermitage and one site

each at the other three lagoons, with the exception of Étang-Salé,

whose water level is normally too low to collect bottom

samples (Table 1).
Environmental profiles for the lagoons

To examine environmental conditions between eDNA

collection sites and dates, we retrieved environmental profiles

consisting of dissolved oxygen, pH, temperature and salinity data

from long-term monitoring of the island’s lagoons by the European

Water Framework Directive. These data were collected from water

masses that best represent the four lagoons examined in this study.

The data, available between 2002 and 2024, is collected six times

annually and can be accessed on the IFREMER Envlit platform:

https://envlit.ifremer.fr/Quadrige-la-base-de-donnees/Acceder-

aux-donnees/Telecharger-les-donnees.
DNA extractions

DNA from each filter was extracted using the Qiagen DNeasy

Blood and Tissue Kit (Qiagen, Germany), following modified

protocols published in Renshaw et al., 2015 and Gasparini et al.,

2020. In the laboratory, membranes were carefully removed from

their housings using single-use sterile forceps. The membranes were

folded and cut using sterile tools and then immersed in a 2.0 ml

microtube containing 567 µl buffer ATL and 63 µl Proteinase K

solution. Tubes were incubated in a shaking heat block at 56°C for

three hours. Following the incubation step, 630 µl of buffer AL and

630 µl of 100% ethanol were added to the tubes, after which all

downstream steps followed the manufacturer’s protocol. Two

negative extraction blanks (no filter, just reagents) were added for

each site processed. Once the DNA extraction protocol was
Frontiers in Marine Science 04
completed, all samples were assayed using the Qubit® High

Sensitivity (HS) fluorometer (ThermoFisher, Waltham, MA, USA)

to record the DNA concentrations of each sample; the

concentrations of experimental samples measured between 1 - 10

ng/µL.
Clean handling practices

eDNA samples are sensitive to contamination and improper

handling practices throughout the workflow can compromise the

integrity of the samples and results (Goldberg et al., 2016). To

evaluate potential contamination, we collected one field control per

condition (‘surface’ and ‘bottom’) (Table 1). All field controls were

processed in the same manner as the seawater samples. Each site

was sampled on different days; subsequent DNA extractions for

each site were also completed on separate days, all to help reduce

DNA carryover/cross contamination between sites. All reusable

equipment and supplies were thoroughly sterilized using the 10%

bleach protocol and/or UV sterilization for 10 to 20 minutes, as

described in Cowart et al., 2022, prior to their next usage in the field

or lab. Additional precautions were taken to prevent cross-

contamination, which included frequent glove changes, the use of

single-use sterilized supplies when possible, careful handling of the

filter membranes and frequent sterilization of field and lab spaces.
DNA marker choice

Greater coverage across taxonomic groups can mean less

resolution between groups, thus, the use of multimarker datasets

has become routine for providing more reliable and comprehensive

bio-inventories (Alberdi et al., 2018). A review of eDNA

metabarcoding studies in aquatic habitats has shown that for fish,

the most common DNA markers employed are from the

mitochondrial 12S ribosomal RNA (12S), 16S ribosomal RNA

(16S) and Cytochrome c Oxidase subunit 1 (COI or COX1)
TABLE 1 Sample list for the four back-reef depressions and five sites in Reunion Island.

Back-reef
depression
(lagoon)

Site
Sample
depth

Depth (cm) Replicates
Field

controls
Position Date

Saint-Leu Saint-Leu
Surface 5 3 1 -21.170677,

55.285242
5 Jan 2023

Bottom 180 3 1

Hermitage
(La Saline -

L’Ermitage reef)

Toboggan
Surface 5 3 1

-21.0797, 55.2221 3 Feb 2023
Bottom 150 3 1

Planch’Alizé
Surface 5 3 1

-21.094, 55.2343 10 Feb 2023
Bottom 200 3 1

Étang-Salé Étang-Salé Surface 30* 3 1 -21.2695, 55.3329 13 Feb 2023

Saint-Pierre Ravine Blanche
Surface 5 3 1

-21.3406, 55.4587 28 Feb 2023
Bottom 100 3 1
Each filter membrane had 6 L of seawater pumped through, with the exception of the field controls, which had 1 L of ultrapure water. The total number of filter membranes (samples) obtained
was 36. GPS positioning is in decimal degrees. *The depth at the Étang Salé was about 30 cm, so it was not relevant to differentiate surface and bottom collections.
frontiersin.org

https://envlit.ifremer.fr/Quadrige-la-base-de-donnees/Acceder-aux-donnees/Telecharger-les-donnees
https://envlit.ifremer.fr/Quadrige-la-base-de-donnees/Acceder-aux-donnees/Telecharger-les-donnees
https://doi.org/10.3389/fmars.2024.1423676
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Cowart et al. 10.3389/fmars.2024.1423676
genes, while for benthic fauna and eukaryotes in general, the genes

of choice are frequently COI and the nuclear small ribosomal

subunit 18S (18S) genes (van der Loos et al., 2021). As our

primary interest was metazoan biodiversity, we chose three

markers: a fragment measuring between 170 - 250-bp of the 12S

gene (“MiFish”, Miya et al., 2015), a 350-bp fragment of the 18S V1-

V2 region (Blaxter et al., 1998; Sinniger et al., 2016), and a 313-bp

fragment of the COI gene (Leray et al., 2013b; Geller et al., 2013), all

widely applied in marine eDNA metabarcoding studies

(Supplementary Table S1). COI and 18S have been shown to

complement one another in marine water metabarcoding studies

(Holman et al., 2019; Brandt et al., 2021), uncover a variety of

metazoans and have relatively well-populated, publicly-available

databases for taxonomic assignments, while the MiFish primers are

widely applied to characterize fish communities (Miya et al., 2015

and 2020). Furthermore, the primer sets amplify DNA fragments

considered on the larger end for eDNA (< 400-bp, Langlois et al.,

2021), which may aid in increasing specificity and reliability of

taxonomic assignments, yet still be sufficiently small to amplify

rapidly degrading genetic material.
PCR assay and sequencing

DNA extracts were sent to ADNid (Montferrier sur Lez, France)

for amplification, library preparation and sequencing of the three

markers. Amplification was performed in a total volume of 15 ml
containing 1X Type-it Microsatellite PCR master mix (Qiagen),

0.13 mM of each primer and 2 ml of genomic DNA. All amplification

assays were run on an Eppendorf® Mastercycler® (Hamburg,

Germany) under conditions specific to each marker, which were

slightly adapted from those previously published in Miya et al., 2015

(12S) and Brandt et al., 2019 (18S and COI). For the 12S assay, an

initial denaturation began at 95°C for 5 min followed by 35 cycles of

95°C for 30 s, 55°C for 1 min, and 72°C for 30 s, and a final

extension at 60°C for 30 s. For 18S, an initial denaturation began at

95°C for 10 min, followed by 30 cycles of 95°C for 1 min, 57°C for

45s, and 72°C for 3 min, followed by a final extension at 72°C for 10

min. Finally, for the COI assay, initial denaturation began at 95°C

for 10 min, followed by 16 cycles of 95°C for 10 s, 62°C (−1°C per

cycle) for 30 s and 68°C for 1 min, followed by 25 cycles of 95°C for

10 s, 46°C for 30 s, 68°C for 1 min, and a final extension at 68°C for

7 min. Next, the PCR products for each sample of each marker were

pooled and purified on AMPure XP magnetic beads (Beckman

Coulter, Brea, CA, USA). Library construction proceeded by tagging

each pool with a combination of two different barcodes designed by

Illumina (San Diego, CA, USA) through a second amplification

process, following recommendations by Illumina. Libraries were

sequenced 2 x 250-bp paired-end using Illumina MiSeq V2.
Bioinformatic analyses

We performed data preprocessing using the Standardized and

Automated MetaBarcoding Analyses workflow (SAMBA v3.0.1)

pipeline (Cormier et al., 2021), developed by SeBiMER (the
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that had already been demultiplexed by sample name. SAMBA

executed cutadapt (Martin, 2011) to perform primer trimming and

demultiplexing at a full match of the length of forward and reverse

primers. Next, DADA2 v. 1.26 (Callahan et al., 2016) was

implemented to visualize sequence read quality, filter reads based

on length, perform dereplication and assembly/merging of reads at

a minimum overlap of 13-bp, all prior to removing chimeras and

generating amplicon sequence variants (ASVs). This was done

through an error model based on the quality of the sequencing

run to help identify true biological variation (Callahan et al., 2016;

Chiarello et al., 2022). Following this, QIIME2 (Caporaso et al.,

2010) was implemented to assign taxonomy to the ASV tables for

each marker dataset using the MiFish (Miya et al., 2015) and

MIDORI2 (Leray et al., 2022) databases for 12S, Silva release 132

(Quast et al., 2012) for 18S and the NCBI nr/nt database 253 release

(December 2022) for COI.

The SAMBA pipeline generated phyloseq objects (McMurdie

and Holmes, 2013) for each marker dataset used for downstream

analyses in R (R Core Team, 2023). With these objects, we evaluated

the sequencing depth for each marker dataset and full taxonomic

composition of all samples, including the negative controls. Next,

we curated the dataset by first plotting rarefaction curves for all

samples using the vegan package (Oksanen et al., 2022). Samples

with insufficient sequencing depth were removed. The threshold for

removal was set at the sample with the fewest number of sequences

for each dataset. Datasets were then normalized through rarefaction

without replacement, after which unassigned ASVs, as well as those

matching to non-target taxa (non-metazoans) were removed prior

to downstream analyses. The ASVs that were present in the negative

controls were evaluated separately to determine if their abundances,

in terms of the number of sequences, were higher in the controls or

the experimental samples. If they were higher in any of the negative

controls, they were removed from the dataset prior to

downstream analyses.

Comparisons of the density of ASVs across the sites were

visualized through the ggVennDiagram package (Gao et al., 2021).

Relative abundances of target taxa were generated through the aid

of phyloseq. To examine how well our present sampling effort

surveyed metazoan biodiversity and to simulate future efforts, we

generated accumulation and extrapolation curves based on species

richness (q = 0) for all three marker datasets using the iNEXT

(iNterpolation and EXTrapolation) package (Chao et al., 2014;

Hsieh et al., 2016). Further, total richness of a habitat was

approximated through the Chao2 estimator in iNEXT and vegan.

Species richness estimates were tested through the analysis of

variance (ANOVA) and Tukey Honest Significant Difference

(Tukey HSD) to determine if richness differed across markers and

sites. Next, Jaccard dissimilarity matrices (incidence) were

produced to generate nonmetric multidimensional scaling

(nMDS) ordinations using the ‘metaMDS’ function in vegan.

Permutation Analysis of Variance (PERMANOVA) testing based

on the Jaccard matrices was performed across the differing levels of

‘site’, ‘depth’ and ‘replicate’, as well as their interactions, to

determine if there were any significant differences in

communities, using the ‘adonis2’ function from vegan and
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implementing 999 permutations and the Holm correction for

multiple testing.
Results

Processing of raw data

The number of samples processed and sequenced for this study

totaled 37, which included 27 experimental samples, 9 negative field

control samples (Table 1) and a negative control that was inserted

during PCR assaying and sequencing for each DNA marker. Prior

to the data curation step, the 12S dataset consisted of 2,179,913

sequences and 1,477 ASVs; the 18S dataset consisted of 6,219,344

sequences and 8,155 ASVs; and the COI dataset contained

2,145,150 sequences and 18,719 ASVs. Sequencing depths, before

and after data curation, are shown in Supplementary Figures S1–S3

corresponding to each of the datasets. The mean number of

sequences per sample and per ASV, before and after data

curation, is displayed in Table 2. Examination of only the

experimental samples of the 12S dataset identified that 46.97% of

the ASVs were assigned to ‘teleostei’ (bony fish), while 0.14% were

assigned to chondrichthyes (cartilaginous fish); however, ~90% of

all sequences were ascribed to fish (Supplementary Figure S4). The

18S dataset revealed that approximately 22.74% of ASVs and 33% of

sequences were assigned to metazoans, while the COI dataset

identified 43% of ASVs and 44% of sequences were assigned to

metazoans (Supplementary Figure S4).
Dataset curation and negative
control assessment

Rarefaction curves for all samples, prior to curation and

normalization, are shown in Supplementary Figure S5.

Rarefaction curves for the 12S experimental samples resulted in

the removal of a single bottom sample obtained from Saint-Pierre

due to insufficient sequencing depth (22,392 sequence reads)

(Supplementary Figure S5). After normalization, any taxa not

matching either class Actinopterygii (ray-finned fish) or

Chondrichthyes (cartilaginous fish) was removed. For 18S, all
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rarefaction curves for the experimental samples reached plateau,

while for the COI dataset, a single surface sample from Saint-Leu

had very low sequencing depth compared to the average number of

sequences per sample (5,917 sequence reads) and was removed

prior to normalization and the removal of all non-target ASVs

(Supplementary Figure S5).

The negative controls for each marker dataset exhibited low

diversity and differing taxa signatures when compared to their

experimental samples, as seen in plots of relative abundance of ASVs

in the negative control samples prior to data curation (Supplementary

Figures S6–S8). A total of 38 ASVs were present in the 12S controls,

representing 12.4% of the sequences in that dataset (Supplementary

Figure S6). Following curation, two ASVs assigned to class

‘Actinopterygii’ were present at lower abundance, in terms of the

number of sequences, than the experimental samples. Despite this, one

ASV matching to the family Istiophoridae (billfish) was removed from

the dataset prior to downstream analyses as it is non-native to the

lagoons of Reunion Island (Supplementary Table S2). A total of 187

ASVs were present in the 18S controls, representing 5.5% of all

sequences; of these, 20 matched to metazoan taxa (Supplementary

Figure S7). Following data curation, six of the 20 ASVs were identified

in the experimental samples, yet none were more abundant in the

controls (Supplementary Table S2). The COI dataset contained 39

ASVs representing 5.8% of all sequences (Supplementary Figure S8);

after curation, a single ASV was present in a negative control at much

lower abundance, and therefore, was not removed (Supplementary

Table S2).
Taxonomic groupings and richness

The final curated datasets consisted of 26 samples and 661 ASVs

for 12S, 27 samples and 1,766 ASVs for 18S and 26 samples and

1,469 ASVs for COI (Table 2). The density of ASVs by site in terms

of proportion and count is illustrated through flower diagrams

depicted in Figure 2. Higher percentages of ASVs were seen at the

external petals of each flower and supported the distinct community

of each site (Figure 2). Saint-Leu was identified as having the highest

density of ASVs, followed by Saint-Pierre for both the 12S and 18S

datasets; however, the highest density of ASVs for COI was found at

Planch’Alizé (Figure 2). As shown in the center of each flower, the

percentage of ASVs found at all sites ranged between 1.7% (COI)

and 6.5% (12S). The proportion of overlapping ASVs between two

or more sites is portrayed by the intersection of “lightbulb” forms

that represent each site. As an example, the yellow-shaded shape

shown within the 12S flower presents the percentage (0.8%) of

ASVs shared by Planch’Alizé, Saint-Leu and Saint Pierre (Figure 2).

Overall, the proportion of ASVs shared between and across sites

varied greatly, depending on the dataset. For example, 4.4% of ASVs

were shared between all sites except Planch’Alizé as shown by the

12S dataset. Additionally, both 18S and COI datasets identified 5.3%

and 2.6% ASVs, respectively, shared between Toboggan and Saint-

Leu (Figure 2).

Observed and estimated richness for the assigned ASVs was first

examined across markers and was found to be higher for the 18S

dataset compared with COI and 12S datasets (Supplementary
TABLE 2 Summary values before and after the data curation process for
each dataset.

DNA marker dataset

12S 18S COI

Mean sequences per sample raw data 66,057.97 168,090.40 59,587.50

Mean sequences per ASV raw data 1,506.50 762.64 114.59

Mean sequences per sample curated data 54,964.73 103,631.40 19,357.54

Mean sequences per ASV curated data 1,033 519.48 47.55

Experimental samples remaining 26 27 26

Target-taxa ASVs 661 1,766 1,469
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Figure S9), while each dataset exhibited differing results across sites

(Supplementary Figure S10, Tukey HSD, p < 0.01). The 12S dataset

revealed similarity in richness at Toboggan and Étang-Salé, as well

as between Saint-Leu and Saint-Pierre, with Planch’Alizé as the

most significantly different and exhibiting the lowest species

richness comparatively (Supplementary Figure S10). The 18S
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dataset also identified similar richness at Toboggan and Étang-

Salé, and between Planch’Alizé and Saint-Pierre, while Saint-Leu

was the most dissimilar and also had the highest species richness

values comparatively (Supplementary Figure S10). No significant

differentiation between sites in terms of richness was detected in the

COI dataset (Supplementary Figure S10).
FIGURE 2

Flower diagrams illustrating the number and percentage of ASVs observed from each site for the 12S (top), 18S (middle) and COI (bottom) datasets.
The count gradient details the density of ASVs at each site by color intensity with a total of 661 ASVs for 12S, 1,766 ASVs for 18S and 1,469 ASVs
for COI.
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Species accumulation curves for each dataset revealed that

species richness remained undersampled at each site for each

dataset, based on the present sampling effort in terms of the

number of filters and liters (Figure 3). Further, each dataset

exhibited a similar trend where a full saturation of species

richness would be reached at between 15 to 20 filters (90 - 120

L), as indicated by the gradual plateau of the curves. Étang-Salé’s

curves reached a plateau earlier as only three surface samples were
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taken due to its shallow depth profile (Figure 3). Examining trends

in environmental parameters between 2002 and 2024 (dissolved

oxygen, pH, temperature, salinity, oxygen) showed relatively stable

environmental conditions over the sample collection period from

January through February (Supplementary Figure S11). Overall,

12S, 18S and COI surveys detected approximately 37%, 56% and

40% of estimated total richness, respectively (Supplementary

Table S3).
FIGURE 3

Species richness (q = 0) accumulation curves for each site by the number of filters and liters, calculated using iNEXT for the 12S (top), 18S (middle),
and COI (bottom) datasets. The solid lines indicate values for the present collections, whose number is denoted by different symbols (colored circles,
diamonds, triangles) while the dotted line shows the predicted richness beyond the number collections (extrapolated). The 95% confidence intervals
are indicated by the shading.
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Metazoan motifs

Figure 4 illustrates the relative abundance of ASVs assigned to

21 common fish families for the five collection sites, as detected

using the 12S dataset. Common families were identified as having ≥

10 ASVs assigned across the entire dataset (all sites), and out of 60

fish families detected by 12S, these 21 families accounted for 87 -

93% of all ASVs per site (Figure 4). All five sites had high relative

abundances of ASVs assigned to Gobiidae (gobies, 8 - 13% of ASVs

at each site), Pomacentridae (damsel and clown fishes, 10 - 15%),

Labridae (wrasses, 9 - 15%), and Acanthuridae (surgeon fish and

tangs, 10 - 13%). Comparing across sites, we also observed notable

differences in the relative abundance of specific families.

Planch’Alizé had a lower relative abundance of the family

Blenniidae (blennies) compared to other sites (2.5% at

Planch’Alize compared to >12% elsewhere), while Muraenidae

(eels) had higher relative abundance at Saint-Pierre (14% at Saint-

Pierre compared to <9% elsewhere) indicating a greater presence of

ASVs assigned to this family at this site (Figure 4). In contrast,

several families had lower relative abundances (<2.5%) at every site,

such as Apogonidae (cardinalfishes, not identified from Étang-Salé),

Mugilidae (mullets), Belonidae (needlefish), Tetraodontidae

(pufferfish), and Kyphosidae (sea chubs, not identified from

Planch’Alizé) and Scorpaenidae (scorpion fishes and rock

fishes) (Figure 4).
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Examining the 18S and COI datasets, 21 and 18 phyla,

respectively, were also detected, and the most common phyla are

displayed in Figure 5. Fifteen (18S) and nine (COI) phyla were

identified as having ≥ 10 ASVs assigned across the entire dataset (all

sites), and accounted for ≥ 98% of all ASVs per site (Figure 5). The

relative abundance of these phyla varied widely by both site and

eDNA dataset. The 18S dataset revealed higher relative abundances

of several phyla at each site, including Annelida (17 - 25%),

Arthropoda (9 - 14%), Cnidaria (6 - 11%), Mollusca (6 - 14%),

and Porifera (18 - 26%), while several phyla had low relative

abundances in the dataset such as Bryozoa (< 0.5%),

Hemichordata (< 1%, not recovered at Étang-Salé) and

Tardigrada (< 2%) (Figure 5, top). When examining certain

differences between sites, Planch’Alizé had a higher relative

abundance for Mollusca compared to the other sites (14%

compared to ≤ 10% elsewhere), and Saint-Pierre had a higher

abundance for Nematoda comparatively (17% compared to ≤

11% elsewhere) (Figure 5, top).

The COI marker detected the same common phyla as 18S but

with widely differing relative abundances across sites for Annelida

(4 - 8%), Arthropoda (1 - 8%), Chordata (8 - 25%), Cnidaria (5 -

22%) andMollusca (11 - 67%) (Figure 5, bottom). Similar to 18S, the

COI dataset revealed high relative abundances for Porifera (7 - 29%)

and low relative abundances for Nemertea (< 2.5%) and

Platyhelminthes (< 1.5%, not detected at Saint-Leu and Étang-
FIGURE 4

Relative abundance of ASVs for the most common families of fish observed at each site, as identified from the 12S dataset. Twenty-one families
were identified as having ≥ 10 ASVs assigned across the total dataset (all sites). The percentages above each bar represent the proportion of total
ASVs attributed to the 21 families at each site. The tree was generated through the interactive tree of life (iTOL) v.6.8.1 interface (Letunic and Bork,
2021), aided by the Fish Tree of Life (Rabosky et al., 2018) and illustrates hypothesized taxonomic relationships of the families; however, tree lengths
were not used as the image does not focus on evolutionary comparisons. Fish images are courtesy of the University of Maryland Center for
Environmental Science Integration and Application Network (ian.umces.edu), NOAA photo library (www.photolib.noaa.gov), the Phila print shop
(www.philaprintshop.com) and Wikimedia Commons. Images are used as representatives of the respective family and these exact species may not
necessarily be found at the sampled sites.
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Salé); however, Platyhelminthes was detected at these sites through

the 18S maker (Figure 5). Planch’Alizé was distinguished by the

much lower relative abundances for Chordata, Cnidaria and

Porifera (< 9% for all three phyla, compared to >17% elsewhere),

and much higher relative abundances for Mollusca (67%) when

compared to other sites (Figure 5, bottom).
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Through visual inspection of communities based on nMDS

ordination, a distinctive clustering pattern was observed by site for

each dataset, though there was overlap between Toboggan, Saint-

Leu and Étang-Salé within the 12S dataset (Figure 6). Further,

clustering proximity was observed for Toboggan, Saint-Leu and

Étang-Salé through the visualization of the 18S and COI datasets.
FIGURE 5

Relative abundance plot for the 15 most common metazoan phyla observed from each site, identified from the 18S dataset (top) and 9 most
common metazoan phyla observed from each site, identified from the COI dataset (bottom). The remaining phyla not shown for 18S include
Brachiopoda, Chaetognatha, Ctenophora, Entoprocta, Gnathostomulida, and Rotifera, while the remaining phyla not shown for COI include Bryozoa,
Chaetognatha, Ctenophora, Entoprocta, Gastrotricha, Hemichordata, Nematoda, Rotifera and Xenacoelomorpha. The percentages above each bar
represent the proportion of total ASVs attributed to the common families at each site.
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Conversely, the remote positioning of Planch’Alizé and Saint-Pierre

communities was shown by all three datasets. Within-site

dissimilarity appeared most conspicuously for Planch’Alizé

through the COI dataset, as indicated by the distance between

surface and bottom samples (Figure 6). PERMANOVA testing

confirmed the “Site” factor as highly significant (p < 0.001,

Table 3), supporting the presence of heterogeneity amongst sites
Frontiers in Marine Science 11
in terms of their biological communities. Testing the interaction

between “Site” and “Depth” was highly significant for the COI

dataset (p = 0.008), though variation between replicates was

not (Table 3).

nMDS ordination and PERMANOVA testing applied to each

dataset without the removal of any taxa (metazoans and non-

metazoans combined) revealed similar patterns of communities
FIGURE 6

Non-metric multidimensional scaling (nMDS) plots based upon presence-absence data and Jaccard dissimilarity matrices for 12S (top), 18S (middle)
and COI (bottom). Points indicate samples, while convex hulls identify the associations between samples for each site.
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(Supplementary Figure S12; Supplementary Table S4). When

accounting for all taxa, more distinctive separations of

communities were observed; for instance, Toboggan, Saint-Leu

and Étang-Salé 12S communities remained in proximity to one

another, but were no longer overlapping, while Planch’Alizé and

Saint-Pierre maintained their remote positioning (Supplementary

Figure S12). PERMANOVA testing once again identified “Site” as

highly significant in determining variations in distances between

groups for all datasets (p < 0.001, Supplementary Table S4);

however, all other variables and their interactions were not

significant (Supplementary Table S4).
Discussion

The present study provides one of the first environmental DNA

screenings of coral reef communities inhabiting lagoons of Reunion

Island. eDNA was recovered from five sites that are designated as

monitoring stations for collection and survey programs, and these
Frontiers in Marine Science 12
findings encourage the use of eDNA surveys for assisting

biodiversity programs and local governing bodies, such as the

Marine Natural Reserve of Reunion Island (RNMR), in their

monitoring, management and protection of coral reef habitats of

Reunion Island.

Moreover, we present operational protocols for rapid

community assessment at Reunionese lagoons, through

implementation of a specialized eDNA pump, self-preserving

filter units, and a sampling strategy that includes replicate and

depth collections. We found that eDNA metabarcoding provided a

powerful glance into biological community composition present at

the lagoons, and the use of multiple DNA markers allowed us to

obtain a broader view of the metazoan community, through

identification of differing organisms and their relative abundances

recovered between each dataset. These molecular inventories can

serve as baseline data for on-going austral summer collections that

can be paired with complementary methods such as visual/aerial,

and high-resolution multispectral and hyperspectral image surveys

on the island (Conand et al., 2010; Lemahieu et al., 2012; Bajjouk
TABLE 3 PERMANOVA results based upon Jaccard dissimilarity matrices for the 12S, 18S and COI datasets.

Dataset variable Df SS R2 F-model p-value

12S Site 4 2.6565 0.38968 3.4932 0.001***

Depth 1 0.2082 0.03054 1.0952 0.291

Replicate 2 0.4007 0.05877 1.0538 0.361

Site: Depth 3 0.6539 0.09592 1.1464 0.204

Depth: Replicate 2 0.3535 0.05186 0.9298 0.629

Site: Replicate 8 1.5938 0.23379 1.0479 0.388

Residual 5 0.9506 0.13944

Total 25 6.8171 1.00000

18S Site 4 3.1896 0.36224 3.2962 0.001***

Depth 1 0.3048 0.03462 1.2601 0.122

Replicate 2 0.5250 0.05963 1.0852 0.265

Site: Depth 3 0.8168 0.09276 1.1254 0.191.

Depth: Replicate 2 0.4920 0.05587 1.0168 0.396

Site: Replicate 8 2.0255 0.23003 1.0466 0.324

Residual 6 1.4515 0.16485

Total 26 8.8052 1.00000

COI Site 4 2.7551 0.28316 2.2040 0.001***

Depth 1 0.4085 0.04199 1.3072 0.027*

Replicate 2 0.6614 0.06798 1.0582 0.263

Site: Depth 3 1.1559 0.11880 1.2329 0.008 **

Depth: Replicate 2 0.6523 0.06704 1.0436 0.311

Site: Replicate 8 2.5341 0.26044 1.0136 0.424

Residual 5 1.5625 0.16059

Total 25 9.7298 1.00000
Significance values are 0.001 (***), 0.01 (**), 0.5 (*) and 0.1 (.).
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et al., 2019) to provide a more comprehensive monitoring program

for coral reefs. As such, the comparison of the present datasets with

data obtained through visual survey monitoring programs is

expected to be carried out in a subsequent study.
Taxonomic richness and profiling

Initial rarefaction curves, which accounted for all ASVs, indicated

that sequencing depth was adequate for characterizing species

richness, and that few taxa were missing from the communities

targeted by each marker (Supplementary Figure S5). Following data

curation, however, accumulation curves plotted on the basis of

species richness and number of filters (samples) did not reach

saturation, indicating that the current sampling effort would need

to be tripled to reach full characterization of the metazoan

communities of each site (e.g., at least nine filters and 54 L per site,

Figure 3). Previous research suggests even higher volumes are needed

to fully characterize some reef communities (Stauffer et al., 2021).

Observed species richness significantly differed depending on

the DNA marker, with a greater observed richness for the 18S

dataset, while the richness was comparable between 12S and COI

(Supplementary Figure S9). It should be noted that the 18S

fragment used here targets a wider variety of organisms than 12S

and had a higher initial sequencing depth compared to both 12S

and COI (Table 2). When examining sites within each dataset,

Planch’Alizé and Saint-Leu were distinct in terms of richness and

density of organisms (Figure 2; Supplementary Figure S10). With

the exception of Étang-Salé, which was undersampled due to

characteristically low water levels, it was clear that communities

at Planch’Alizé had a significantly lower species richness compared

to the other remaining sites, including Toboggan, which also lies

within the Hermitage lagoon < 2 km to the north, while Saint-Leu

exhibited the highest richness (Supplementary Figure S10;

Supplementary Table S3). Planch’Alizé has been characterized as

experiencing nutrient enrichment from the seepage of nitrogen rich

groundwater when compared to Toboggan, which experiences very

little groundwater seepage (Mioche and Cuet 1999, Denis et al.,

2013). Additional environmental conditions documented at

Planch’Alizé include low water flow, higher mean sea surface

temperatures (SST), high SST variation, variable salinities and

silicate concentrations (Denis et al., 2013; Tourrand et al., 2013),

as well as characteristics of high algal and low coral abundance

(Chabanet et al., 1997; Denis et al., 2011; Naïm et al., 2013). As

species richness and diversity of fish and invertebrate assemblages

have long been known to be correlated with the architectural

complexity, coverage, size and diversity of corals (Luckhurst and

Luckhurst, 1978; Galzin et al., 1994; Ditzel et al., 2022), the reduced

coral attributes detected at Planch’Alizé may explain lower richness

values seen, at least through the 12S and 18S datasets

(Supplementary Table S3), though additional collections are

needed to confirm these findings. Additionally, the eDNA survey

detected lower relative abundances of the family Blenniidae and

higher abundance of Mollusca at Planch’Alizé, compared to other

sites (Figure 4). Both groups are broad and highly diverse, therefore
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the factors contributing to their distinct representation at

Planch’Alizé warrants further investigation.

A compilation of multiple visual surveys and collections aiming

to enumerate marine fish fauna of Reunion Island identified 965

species within 158 families, with 549 of these species found at shallow

coral reefs (0 - 80 m) (Fricke et al., 2009). The largest families of fish

include the Labridae (wrasse), Serranidae (groupers), Gobiidae

(gobies), Pomacentridae (damselfish), Blenniidae (blennies),

Carangidae (jacks and others), Muraenidae (Moray eels),

Acanthuridae (surgeonfish), Lutjanidae (snappers), Chaetodontidae

(butterfly fish), Holocentridae (squirrelfish) and Scorpaenidae

(lionfishes and others) (Fricke et al., 2009, Thébeaud et al., 2009,

Tourrand et al., 2013).With only a single time period of collection for

five sites, the present 12S eDNA survey identified 60 families, which is

approximately 38% of the total number of estimated marine families.

Among the most abundant in the eDNA dataset were also

the same families identified from these previous collections:

Labridae, Gobiidae, Holocentridae, Pomacentridae, Blenniidae,

Muraenidae and Acanthuridae; Balistidae, Mullidae, Atherinidae,

Tetraodontidae and Scorpaenidae (Figure 4).

The 18S and COI surveys detected conspicuous phyla of the

coral reef benthic invertebrate community, including annelid

worms, nematodes, cnidarians, porifera sponges, mollusks,

echinoderms and arthropods (Figure 5). While both markers

revealed some of the same phyla, their relative abundances

differed across markers and sites. For instance, 18S detected

higher relative abundances of Annelida when compared to COI,

while COI detected higher relative abundances for Chordata and

Cnidaria compared to 18S (Figure 5). The present eDNA dataset

recovered taxonomic groups previously reported as either not well-

studied or extremely understudied on Reunion Island such as

Porifera, Platyhelminthes, Annelida, and Bryozoa (Bourmaud

et al., 2005), though more recent efforts have been undertaken

that improve taxa characterization of some groups (see Klautau

et al., 2022). Additionally, it is widely recognized that each DNA

marker has different taxa-specific ‘biases’ (discussed below) and

underlines the importance of using multimarker datasets, and/or

the metagenomic (non-targeted) approach to bypass constraints

associated with DNA markers (see Coissac et al., 2012), to amass

comprehensive molecular bio-inventories.
Biological communities

We detected significant differentiation amongst the sites

examined, in terms of their overall biological communities. In

particular, Saint Pierre and the Hermitage site Planch’Alizé

appeared especially distinct from the other sites, regardless of the

type of community targeted, suggesting these differences are due to

site-specific factors (e.g., environmental variables, geographic

distance, etc.) . For instance, the distinctive metazoan

communities recovered from Planch’Alizé are briefly discussed

above and are presumably responsible for the patterns seen

throughout the results (Figure 6; Supplementary Figure S10;

Supplementary Table S3).
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Saint-Pierre and Saint-Leu are adjacent to urban areas and

experience nutrient enrichment from anthropogenic sources

(Riaux-Gobin et al., 2011). However, the Ravine Blanche sector of

Saint-Pierre, where our sampling occurred, has historically had a

diverse benthic population living amongst the dominant Acropora

spp corals, which were not recorded to be adversely impacted by the

anthropogenic inputs and sedimentation from the d’Abord river

(Ahamada et al., 2002, 2008), though we obtained moderate species

richness values (Supplementary Table S3). Both Saint-Leu and

Saint-Pierre were identified by 12S and 18S as having the highest

concentration of ASVs and species richness (Figures 2, 3).

Therefore, the differences of the communities at Saint Pierre may

be linked to other factors such as its geographic distance from the

other sites and/or specific chemical signatures; however, to

determine which requires additional investigation.

When comparing biological communities including non-

targeted/non-metazoan taxa, we found similar patterns of site and

sample clustering, which was further supported by statistical testing,

though we saw more distinct clustering, particularly for the 12S

dataset (Figure 6; Supplementary Figure S12; Table 3;

Supplementary Table S4). The overlap of samples from

Toboggan, Saint-Leu and Étang-Salé sites suggest the possibility

of similar fish communities (Figure 6, top). It should be mentioned

that non-fish DNA can be amplified using the 12S MiFish maker,

though in lower abundances (Miya et al., 2015; Anderson and

Thompson 2022), therefore, the 12S dataset that contains non-

target taxa should be interpreted with caution. Overall, the findings

with and without non-metazoans support site specific differences,

including within the Hermitage lagoon.
DNA markers and taxonomic assignments

The choice of genetic markers for metabarcoding surveys is a

critical component of barcoding-based studies. Some of the most

frequently employed markers are selected from the mitochondrial

COI as this gene is often able to discriminate between closely related

animals and has extensive reference libraries present on MIDORI2

(Leray et al., 2022), the Barcode of Life Data Systems (BOLD) and

NCBI GenBank databases (Lear et al., 2018; van der Loos et al.,

2021; Othman et al., 2021), to name a few. For this initial eDNA

study, we chose to use NCBI given its more expansive taxonomic

coverage and wider public accessibility (Sayers et al., 2023).

While COI generally provides higher species resolution and

more reliable assignments, the use of this marker is also

accompanied by a higher percentage of unassigned sequences

(Leray and Knowlton, 2015; Wangensteen et al., 2018; Cowart

et al., 2020), and we also observed this within our study with a

high percentage of unassigned ASVs and sequences remaining for

this dataset (Supplementary Figure S4). Further, COI is subjected to

biases associated with maternal inheritance, overestimations of

species divergence and the presence of pseudogenes (Frézal and

Leblois, 2008; Buhay, 2009; Deagle et al., 2014), all of which can

skew assessments of biological diversity recovered through DNA

sequencing approaches. A recent study implementing DNA

metabarcoding of COI and 18S on samples retrieved from
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Autonomous Reef Monitoring Structures (ARMS) installed at a

Reunionese coral reef, found that only a small percentage of the

sequence reads were taxonomically assigned despite the use of

differing assignation methods and databases (Couëdel et al.,

2024). The study by Couëdel and colleagues, along with a higher

percentage of unassigned COI sequences seen within the

present study, also suggest that distinctive animal communities

inhabit Reunionese coral reefs and signals a need for more

comprehensive sequence database specifically compiled for the

island’s coral reef fauna.

Other markers commonly used for biodiversity survey include

mitochondrial ribosomal rRNA 16S and 12S, and the nuclear 18S,

which are relatively conserved and evolve more slowly than some

other genes and regions (Machida and Knowlton, 2012; Cawthorn

et al., 2012).While 18Smarkers may have less power for separation of

certain groups at lower taxonomic levels (Creer et al., 2016; Leray and

Knowlton, 2015), some regions such as VI-V2, are useful for

identifying an array of benthic invertebrates such as annelids,

arthropods, molluscs and nematodes in water and sediment that

would be missed by other markers (Holman et al., 2019; Brandt et al.,

2021; Othman et al., 2021), which was also supported in the present

study (Figure 5). Given these benefits and drawbacks of each gene, we

chose to produce a multi-fragment dataset, though there still remains

a varied percentage of unknown/unassigned taxa for each dataset

(Supplementary Figure S4). Therefore, in addition to assignment

against well populated databases, eDNA data should be assigned

against well curated and comprehensive local databases to decrease

the number of taxa that remain unidentified and provide more robust

biodiversity assessments.
Negative controls

Most of the negative field controls for each gene marker had very

low diversity and sequencing depth, as expected (Supplementary

Figure S5). A separate examination of the controls identified that for

each dataset, the few ASVs present were dominated by non-interest

taxa (Supplementary Figures S6–S8), which, when removed from the

experimental samples, did not transform the overall final results

(Supplementary Figure S12; Supplementary Table S4). In terms of

metazoan taxa, the 12S dataset contained fish DNA matching to the

family Istiophoridae (billfish) (Supplementary Table S3). This

particular ASV was present in higher abundances in only two

experimental samples (one bottom sample from Toboggan and one

bottom sample from Saint-Pierre), compared to the negative controls

(Supplementary Table S3). This family is typically not present in the

lagoons of Reunion Island, though it may be possible for larvae to

drift from oceanic habitats into the coastal lagoons (Shiroza, pers.

comm.), and sailfish can be observed at the outer reef slopes. The

limited presence of Istiophoridae in some samples suggests that its

DNAmay have been introduced at some point during the handling of

the filters.

The presence of some ASVs within negative field controls are

not totally unexpected, though not as often reported (Harper et al.,

2019; Sepulveda et al., 2020; Furlan et al., 2020). In this study, we

report the recovery of target fauna in the negative controls. While
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limited, these findings further support the sensitivity of the eDNA

approach, as well as emphasizing the continued importance of

integrating negative controls, including a filter that has not been in

contact with the pump or exposed to water, and adhering to clean

handling practices throughout the workflow to reduce future risks

of such contamination.
Protocol optimization and improvements

During the sample collection phase of the project, we

implemented a portable eDNA system consisting of a specialized

pump known as the ‘eDNA sampler’ and associated self-preserving

filter units, which were both developed by Smith-Root. To date, the

eDNA sampler has primarily been used for studies targeting

freshwater ecosystems (see Thomas et al., 2019; Nolan et al., 2023,

but also von Ammon et al., 2023); however, we demonstrate its

successful deployment at tropical coral reefs habitats. The eDNA

sampler facilitated straightforward collection of 6 L of water per

sample and three true replicates for each depth treatment, using its

associated trident pole. There was no significant variation between

triplicate samples or depths ≤ 2 m (Table 3), supporting the

consistency of the technical strategy of the collections, and

suggesting that the variations we observe between sites are most

likely attributed to true biological differences. Further, the volumes

and replicates were sufficient to recover a wide variety of eukaryotic

taxa (Supplementary Figure S5); however, when accounting for only

metazoan taxa, species accumulation curves indicated that

additional sampling is needed to characterize the communities

more thoroughly (Figure 3). Previous studies have found that

increasing the volume of water and/or number of replicates is

likely to augment the number of observed and expected target

taxa captured at coral reefs (Bessey et al., 2020; Stauffer et al., 2021;

Xing et al., 2022). We can therefore improve our eDNA workflow

through the collection of additional samples (increased volumes),

aim for higher sequencing depths and perform taxonomic

assignments to more localized reference databases (Takahashi

et al., 2023), all of which will assuredly improve taxonomic

coverage for achieving more complete biodiversity inventories for

Reunionese lagoons.
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