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ABSTRACT. Biofilms strongly influence bivalve settlement patterns on artificial substrates; however, their
structure and taxonomic composition remains a black box. We characterized a natural biofilm composition that
exhibits a large settlement of larvae of the Peruvian scallop Argopecten purpuratus by culture-dependent and
culture-independent methods. Thirty-two different strains, representing six genera (10 strains of Bacillus, 9 of
Vibrio, 6 Acinetobacter, 4 Staphylococcus, 2 Photobacterium, and 1 Exiguobacterium) were isolated. Those
strains represented only 1.09% of the relative abundance compared with the total microbiota obtained by 16S
rRNA high-throughput sequencing. The metagenomic analysis identified 441 species. Prokaryotes were
predominant (93.4%) over eukaryotes (6.6%), with Pelobacter (13.4%), Lewinella (5.6%), Marinobacter
(5.4%), Hoeflea (4.2%), and Microcystis (3.1%) being the most representative genera. Laser scanning confocal
microscopy (LSCM) imaging evidenced an irregular and heterogeneous biofilm with an average thickness of 35
um, where the heterotrophic prokaryotic community (3.4x10° cell cm?) dominate the photoautotrophic
communities (2.3x10° cell cm2). For the first time, an A. purpuratus settlement-related biofilm was described
by the next generation sequencing tool (NGS) and compared with traditional methodologies.
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INTRODUCTION fluctuating. The urgent need for spats has recently
induced the emergence of many scallop hatcheries
The Peruvian scallop Argopecten purpuratus culture is along the Peruvian coast.
one of the most economically valuable aquaculture For almost all bivalve species, the settlement and
sectors in Peru, with maximum production generating metamorphosis phase is the main bottleneck in scallop
more than USD 160 million in 2013 (Bernendo-Quispe hatchery ~cultivation, and optimizing successful
et al. 2016). However, after two decades of steady settlement is critical for the industry (Helm & Bourne
growth, the industry has faced several production 2004, Gosling 2015).

decreases during the last six years. Drops in production
yields are attributed to a) outbreaks related to harmful
microalgae blooms and summer temperature rise,
hypoxia, and b) the chronic shortage of A. purpuratus
spat (Palomino-Ramos 2004, Gonzélez-Hunt 2010,
Murias 2015, Guerrero et al. 2016). A. purpuratus spat
supply is mainly supported by manual extraction and
collection on artificial substrates. Thus, Peruvian farms
strongly depend on natural recruitment, which is highly

The larvae's habitat preference strongly influences
marine bivalves' recruitment patterns because they can
choose to settle or not in response to positive or
negative cues related to the substrate. These cues may
indicate suitable food, adults, predators, or other
environmental influences that signal a site's suitability
to live. Previous research has shown that each bivalve
species presents specific physical, chemical, and biolo-
gical preferences to the substrate to settle and metamor-

Corresponding editor: Cesar Lodeiros



Characterization of a biofilm that promotes scallop larvae settlement 87

phose into the juvenile form. Physical factors that can
modulate settlement behaviors include color (Saucedo
et al. 2005, Su et al. 2007), texture (Harvey et al. 1995,
Taylor et al. 1998, Marsden & Lansky 2000), surface
(YYang et al. 2013), size of mesh (Wassnig & Southgate
2012), and sounds (Eggleston et al. 2016).

In addition to the physical nature of the substrate,
immersed surfaces are quickly colonized by microbial
biofilm. Marine biofilm corresponds to the surface-
associated communities of microorganisms such as
bacteria and microalgae embedded within the extrace-
llular polymeric substance (EPS) they secrete (Decho
2000, Shikuma & Hadfield 2005). The development of
a microbial biofilm on the substrate's surface may
promote, inhibit, or have no effect on invertebrate
settlement (Hadfield 2011).

The influence of different characteristic of natural
microbial biofilms such as biofilm age, bacterial and
microalgae composition and density, dry weight,
chlorophyll and EPS content, and biochemical signals
have been evaluated on bivalve settlement (Bao et al.
2007, Hadfield 2011, Toupoint et al. 2012, Wang et al.
2012, Campbell et al. 2015). It appears that microbial
community structure more than microbial abundance
has the most significant influence on biofilm efficiency
at inducing bivalve settlement (Yu et al. 2008, Toupoint
et al. 2012, Yang et al. 2013). Nevertheless, natural
biofilm formation under uncontrolled conditions is
highly variable due to natural environmental variations,
in contrast to the standardized and effective technique
for the synchronous induction of settlement of bivalve
larvae under aquaculture.

From that perspective, some studies have evaluated
the capacity of specific bacterial and microalgae strains
isolated from the natural biofilm to induce bivalve
settlement in oysters (Fitt et al. 1990, Tamburri et al.
1992, Anderson, 1996), pearl oysters (Zhao et al. 2003,
Su et al. 2007, Yu et al. 2008), mussels (Satuito et al.
2005, Bao et al. 2007, Courtois de Vigose et al. 2010,
Ganesan et al. 2010, Wang et al. 2012, Yang et al.
2013), clams (Van Colen et al. 2009), and scallops
(Parsons et al. 1993, Leyton & Riquelme 2008). Those
works confirm that microbial stimulation of larval
settlement and metamorphosis of the different bivalves
is species-specific. Not necessarily correlated with
bacterial density, there is a synergistic effect between
waterborne and EPS/biofilms surface cues, and these
cues remain to be adequately identified.

Altogether, those results give clues to understand
the bivalve settlement process mediated by natural
biofilms and fill the gaps to explain irregular settlement
patterns in open waters and hatcheries. In this study, we
propose for the first time to characterize the cultivable
and non-cultivable microbial communities of a natural

biofilm that coats an artificial substrate that is
massively colonized by recently settled A. purpuratus
larvae from Sechura Bay (Peru). The entire bacterial
community will be revealed using the next generation
sequencing tool (NGS) to determine the metagenome
that comprises the biofilm based on 16S rRNA
sequences. Cell density and biofilm composition will
also be explored through imaging by laser scanning
confocal microscopy (LSCM). Finally, we will
compare the cultivable and uncultivable microbial
communities to estimate their representativeness. This
study is, to our knowledge, the first to characterize by
metagenomic the microbial composition of an
“attractive” biofilm for bivalve settlement.

MATERIALS AND METHODS

Biological samples

Biofilm samples were collected in Sechura Bay
(5°74°30.35”S, 81°01°24.47”W) from a 30 days old
“Netlon”® collector with a 1 cm opening mesh,
installed for commercial spat collection operations by
visual selection. Netlon pieces that exhibit great
patches of settlement (>20 spat cm?) were cut and
transported directly to the laboratory in wide-mouth
bottles filled with Netlon submerged in water inside
cool boxes at 12-15°C. Samples were quickly
processed for bacterial analysis and LSCM analysis in
December 2016.

LSCM imaging of surface biofilm

Netlon pieces of 1 cm? were stained with 1% ethidium
bromide (ETB) for 10 min in the absence of light.
Confocal imaging was performed with a FluoView
FV10i (Olympus) confocal laser scanning microscope
according to established protocols by Lee et al. (2004).
ETB fluorescence was visualized with excitation/
emission wavelengths of 650-800 nm, chlorophyll
autofluorescence was detected at 460-650 nm. Images
acquisition was realized under identical conditions.
Biofilm thickness was evaluated by visualizing the
appearance and disappearance of fluorescence, reali-
zing slices in the Z dimension. The cell density was
analyzed using ImageJ2®; the bacterial, microalgae,
and cyanobacteria counts were performed using an
RGB range 0-7, 66-87, and 41-42, respectively,
following the specifications of Bankhead (2014).
Filamentous cyanobacteria chains were considered as
one cell.

Culture and phylogenetic analysis of bacteria

A piece of 10 cm? Netlon was washed with autoclaved
filtered seawater (AFSW) to remove unattached
bacteria. The Netlon piece was scraped with a dispo-
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sable wooden stick in AFSW. Serial dilutions of the
solution were plated in triplicate on Marine agar (Difco,
MA2216), Triptona Soy agar supplemented with 2%
NaCl, and yeast extract at 1% at room temperature. All
phenotypically distinguishable colonies, based on their
morphology (e.g. texture, shape, and color), were
selected to isolate as many different strains as possible.
About 2-4 per plates were randomly selected. The
purification process was done by the streaking method,
and Gram coloration assessed purity. This process was
repeated until pure colonies were obtained. Pure strains
were cultivated in LB supplemented with 2% NacCl. For
long-term storage, sterile glycerol was added to 1 mL
bacterial culture (15% v/v) and stored at -20°C. At
molecular characterization, 1 mL cultures of the
isolated strains were lysed, and DNA was extracted by
the CTAB method described by William & Feil (2012).
The 16S rRNA gene was partially amplified using the
universal primers 27F (5'- AGAGTTTAGTCMTGG
CTCAG-3) - 1492R (GGYTACCTTGTTACGACTT)
in 25 uL. PCR reactions that contained ~50 ng genomic
DNA, 0.5units Platinum Taq DNA polymerase
(Thermo Scientific), 1X Taq buffer, 2 mM MgCl,, 15
pmol of each primer, and 0.2 mM dNTP mix, yielding
~1500 bp PCR products. PCR parameters were initially
denatured for 5 min at 95°C followed by 35 cycles of
denaturation at 95°C for 30 s, hybridization at 55°C for
45 s, elongation at 72°C for 1 min, and final elongation
at 72°C for 10 min. PCR products were controlled using
1.5% agarose gel electrophoresis before sequencing by
the Sanger method (Macrogen Inc., USA) using
internal primers 518F (CCAGCAGCCGCGGTAAT
ACG)-800R (TACCAGGGTATCTAATCC). Only
high-quality sequences of the partial 16S rDNA were
used. They were checked with Bioedit before being
compared with a curated database Ezbiocloud (Yoon et
al. 2017) to identify bacteria strains at genus (97-98%
identity) or species (99-100% identity) level. Strains
with a level of identity inferior to 97% were not
selected.

16S rRNA amplicon sequencing and analysis

For the NGS analyses, a piece of 10 cm? Netlon was
washed with AFSW. Before being collected by
centrifugation at 4000 rpm for 30 min, the biofilm was
detached by vortex and ultrasonication (5 min at 40
kHz) to recover the biofilm pellet. Extraction was
performed with the MOBIO Power Soil DNA Isolation
Kit (MOBIO Laboratories Inc., Carlsbad, CA, USA)
following the manufacturer’s instructions. The 16S
rRNA gene V4 variable region was used as the target
sequence. It was amplified using PCR primers 515F
and 806R that were used in a single-step 30-cycle PCR,
using the HotStar Taq Plus Master Mix Kit (Qiagen,
USA) under the following conditions: 94°C for 3 min

followed by 28 cycles (5 cycles used on PCR products)
of 94°C for 30 s, 53°C for 40 s, and 72°C for 1 min,
after which a final elongation step at 72°C for 5 min
was performed. Sequencing was performed at MR
DNA (www.mrdnalab.com, Shallowater, TX, USA) on
an lon Torrent PGM following the manufacturer’s
guidelines. Sequence data were processed using a
proprietary analysis pipeline (MR DNA, Shallowater,
TX, USA). In summary, sequences were depleted of
barcodes and primers, sequences <150 bp were
removed, and sequences with ambiguous base calls and
homopolymer run exceeding 6 bp were removed.
Sequences were denoised, operational taxonomic unit
(OTUs) generated, and chimeras removed. Clustering
defined OTUs at a 3% divergence (97% similarity)
level. Final OTUs were taxonomically classified using
BLASTn against a curated database derived from
RDPII.

For comparing 16S rRNA data between cultured
isolated and metagenomic sequences, the Fasta file was
run in RDP Naive Bayesian rRNA Classifier Version
2.11, September 2015 (http://rdp.cme.msu.edu) to
compare the shared taxa at the genus level.

RESULTS

Confocal imaging by LSCM

Analysis of datasets recorded by LSCM revealed that
biofilm had an average thickness of 35 + 14 um and
presented a dense and diverse population of bacteria,
cyanobacteria, and microalgae (Fig. 1). The bacteria
size ranged from 1 to 3 um, and bacilli and cocci
populations were generally mixed and distributed all
over the substrate. The observed microalgae mainly
belong to diatoms with size ranging from 5 to 40 pm.

The mean concentration of bacteria was 3.4x10° cell
cm? (+ 1.2x10° cell cm?), and the mean eukaryote
photosynthetic cell concentration was 2.1x10° cell cm
(£ 8.4x10* cell cm™) in a relation of 16:1 (34.4/2.2)
bacteria/microalgae, respectively (Table 1). Cyanobac-
teria were counted at 1.3x10* cell cm? (* 7.1x10% cell
cm?) and were identified by orange color due to the
combination of chlorophyll-a autofluorescence (green)
and nucleic acid staining (red). The total microalgae
count represents 6.35% of the total prokaryote count,
while cyanobacteria represent 0.4%.

Culture-dependent composition of bacteria from
settlement biofilm

Thirty-two bacterial colonies were isolated and
successfully identified according to their 16S rRNA
sequences (Table 2). All sequences presented high
levels of similarity (>99.7%) and could be classified in
28 different strains according to their closest Ezbiocloud
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Figure 1. Laser scanning confocal microscopy (LSCM) datasets are showing biofilms developed on Netlon collectors
associated with Argopecten purpuratus settlement at a) 10x and b) 60x. Color allocations: blue: Netlon reflection; green:
autofluorescence of chlorophyll-a; red: nucleic acid staining with ETB; orange: nucleic acid staining + autofluorescence of

chlorophyll-a.

Table 1. Cell counts of microorganisms constitute a natural biofilm collected from commercial collectors with Argopecten
purpuratus settlement obtained by laser scanning confocal microscopy (LSCM) images analysis. *Data excluded due to
great structures of Netlon that modify the Z cut, SD: standard deviation.

Item Bacteriacm™ Microalgae cm? Cyanobacteria cm (cﬁt) (urﬁléﬁt'l) Th(lﬁl::)ess
Photol 4.54E+06 3.17E+05 1.75E+04 12 4 48
Photo2 2.56E+06 1.31E+05 2.19E+03 15 1 15
Photo3 4.37E+06 1.59E+05 8.74E+03 14 2 28
Photo4 1.43E+06 1.38E+05 1.75E+04 24 2 48
Photo5 3.55E+06 2.67E+05 2.21E+04 32 4 128*
Photo6 4.17E+06 2.96E+05 1.51E+04 24 15 36
Average 3.44E+06 2.18E+05 1.38E+04 35
SD 1.22 E+06 8.44E+04 7.18E+03 14.03

equivalent. These strains were clustered in two main
clades (Firmicutes and Proteobacteria). They were
representing, respectively, four families (Bacillaceae,
Vibrionaceae, Staphylococcaceae, and Moraxellaceae)
for a total of six genera (Bacillus and Vibrio (nine
strains each), Staphylococcus and Acinetobacter (four
strains each), and Photobacterium and Exiguobacterium
(one strain each). Altogether, the isolates belonged to
18 different species, with Acinetobacter soli being the
most prevalent (15.6%), followed by Bacillus
nealsonii, B. haynesii, and Vibrio nereis (9.4% each).
Nine species were recovered only once. The sequences
were uploaded in the Genbank-NCBI repository:
“MK874912-MK874941.”

Culture-independent composition of bacteria from
settlement biofilm

Analysis of DNA sequences by PGM produced 88,852
raw reads, with a coverage size of 265 bp. After
removal of 19.6% of obtained sequences, a total of
71,410 valid readings were used to estimate the
bacterial richness. A total of 1113 operational
taxonomic units (OTUs) based on a >97% identity cut-
off for bacterial 16S rRNA genes were obtained. Those
OTUs belonged mainly to prokaryotes (93.4%) and, to
a lesser extent, eukaryotes (6.6%). The data are
registered as MG-RAST ID: mgm4796679.3 and NCBI
Biosample: SAMN14531558
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Table 2. Culture-dependent microbiota isolated from biofilms developed on Netlon collectors associated with Argopecten

purpuratus settlement.

rNe;?akz:ch (i);olates Strain code Top hit taxon Slrre(l)}srlty Seq(tIJ;r)]gth Accession
3 outof 19 1BCA/16BCA/36BCA  Bacillus taxi 99.77 899 MK355518
2 out of 19 4BCA/6BCA Bacillus licheniformis 99.67 918 AE017333
3outof 19 26M/25M/35M Acinetobacter soli 99.86 715 APPU01000012
2 out of 19 32BCA/29BCA Vibrio rotiferianus 99.89 919 AJ316187
35BCA Staphylococcus epidermidis 99.78 922 RPSA01000015
38BCA Vibrio fortis 100 723 AJ514916
3outof 19 2BCA/26BCA/33BCA  Vibrio nereis 99.86 1470 LHPJ01000025
3BCA Staphylococcus hominis subsp. hominis 99.86 1484 X66101
9BCA Vibrio owensii 100 1384 JPRD01000038
2 out of 19 10BCA/11BCA Photobacterium damselae subsp. piscicida 99.93 1500 X78105
13BCA Bacillus 91.82 1042 AE016877
3outof 19 15BCA/20BCA/40BCA  Bacillus paralicheniformis 99.71 1358 KY694465
18BCA Bacillus paramycoides 99.85 1347 MAOI101000012
2 out of 19 21BCAJ22BCA Staphylococcus haemolyticus 100 1475 LILF01000056
23BCA Vibrio shilonii 99.8 1464 ABCHO01000080
24BCA Vibrio campbellii 99.86 1476 AMDG01000189
25BCA Exiguobacterium profundum 99.86 1482 AY818050
28BCA Bacillus paranthracis 99.86 1489 MACE01000012
3 out of 19 34M/36M/37M Acinetobacter seifertii 99.31 1466 KB851199

Within the prokaryotes cluster, the number of OTUs
detected in the biofilm sample was 1039, representing
306 genera distributed in 125 families, 71 orders, 32
classes, and 14 phyla (Fig. 2). The most abundant
phylum was Proteobacteria (77.5%), followed by
Bacteroidetes (11.2%) and Planctomycetes (5.3%). In
the Proteobacteria phylum, the a-protobacteria class
was predominant with 38.2%, followed by v-
proteobacteria 20.03% and 6-proteobacteria 18.16%. In
the a-protobacteria, the most representative orders were
Rhodobacterales (26.9%), Rhizobiales (8.1%), and
Sphingobacteriales (7%). In the y-protecbacteria, the
most representative orders were Alteromonadales
(8.4%), Pseudomonadales (5%), Oceanospirillales
(2%), and Enterobacteriales (1.5%). Concerning the 5-
proteobacteria class, Desulfuromonadales (14.3%) and
Myxococcales (2.3%) were the most representative
orders. At the genus level, Pelobacter (6-proteo-
bacteria) was the most abundant genus with 13.4%
followed by Lewinella (Sphingogobacteria) 5.6%,
Marinobacter (y-proteobacteria) 5.4%, Hoeflea (o-
protobacteria) 4.7%, Pseudomonas (y-proteobacteria)
4.2%, and Microcystis (cyanobacteria) 3.1%.

Within the eukaryote cluster, 69 OTUs were
reported and comprised only nine genera representing
2.1% of the total genus richness. They mainly belong
to diatoms, with Bacillaria being the predominant
genus (32.9%) followed by Emiliania (29.0%) and
Ditylum, Haslea, and Thalassiosira (11.0, 10.9, and
10.4%, respectively) and, to a lesser extent,

Skeletonema, Phaeodactylum, and Nitzschia (>3%).
The eukaryotic OTUs represent 6.6% of the prokaryotic
metagenomic OTUs.

Comparison of the cultivable strains and metage-
nomic sequences with PGM library

The 16S rRNA sequences from the metagenomic
library were compared with the sequences obtained
from isolated strains at the genus level (Table 3). Of the
six genera identified by culture-dependent method
isolated, five matched with one of the 306 genera
identified by PGM, representing 1.63% of the
metagenome’s library's genus richness and 1.086% of
the valid readings (relative abundance). The most
shared genera and representative in the whole
metagenome sequences were Vibrio (0.547%),
Acinetobacter (0.499%), and Staphylococcus (0.024%).

DISCUSSION

The improvement of natural recruitment of Argopecten
purpuratus has been the subject of intensive studies to
ensure the catering of seeds for the aquaculture industry
in Peru and Chile. These studies include the evaluation
of different substrates, the water depth for the
installation of collectors, the use of shell litter on the
bottom as well, as the use of cultivable microbial strains
to increase the larval settlement in hatcheries and the
open sea (Pacheco & Stotz 2006, Leyton & Riquelme
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Figure 2. Relative abundance comparison of the biofilm microbiota was collected from a Netlon collector associated with
Argopecten purpuratus settlement obtained by metagenomic and culture-dependent methods. The first and second columns
represent classes and genus compositions obtained by next generation sequencing (NGS) metagenomics. The third column

represents the species composition of isolated bacteria.

2008, Cantillanez et al. 2010). In this study, we
described for the first time the microbiota community
that comprises a spontaneous biofilm stimulates large
settlements of A. purpuratus larvae.

Comparison of LSCM and PGM analyses

The bacteria-to-microalgae ratio estimation, obtained
from LSCM count imaging and PGM OTUs analysis,
were approximately 16:1 and 15:1, respectively. Which
is close to the spontaneous biofilms used in pearl oyster
settlement-inducing experiments (Yu et al. 2008), but
far less than the ratios of 160:1 to 1000:1 reported from
marine biofilm observed worldwide (Khandeparker et
al. 2002, Railkin 2003). The significance of bacteria/
microalgae ratio on A. purpuratus settlement is
unknown. It should be studied to understand if the ratio
balance, the microbial density, the microbial identity,
or a combination of those affects bivalve settlement.

LSCM and PGM analyses' main difference lies in
microalgae identification because observed species
differ significantly from those obtained by molecular
taxonomy. This difference is due to the lack of a
universal molecular marker for microalgae or diatom

taxonomy, particularly for NGS (Steven et al. 2012,
Toupoint et al. 2012, Kermarrec et al. 2013,
Zimmermann et al. 2015). To date, eukaryotic
autotrophic communities are still mainly identified
using microscopy. The 16S rRNA is convenient for
ecological interaction monitoring. It identifies both
bacteria and microalgae and has an increasing number
of available sequences (Decelle et al. 2015) even if, for
the moment, its use is somewhat more quantitative than
qualitative.

Some studies refer that biofilm thickness and
biofilm age directly modulates some bivalve species
fixation (Toupoint et al. 2012) and others that refuse
fixation (Yang et al. 2013). In our study, biofilm
covered most of the Netlon, with few non-colonized
spaces. Some biofilm thickness fluctuations could be
observed; however, these were kept within the average
range observed elsewhere for either spontaneous or
monospecific marine biofilms (Mueller et al. 2006,
Hadfield 2011, Toupoint et al. 2012, Natrah et al. 2014,
Mitra et al. 2015). A. purpuratus settlement behavior
may not be related to the absolute abundance or the
biofilm's thickness, but rather its specific composition.
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Table 3. Comparison of relative abundance between cultured isolated bacteria and metagenomic sequences at the genus

level. NGS: next generation sequencing tool.

Culture-dependent

Metagenomic

Genus #of  Relative # of NGS Relative
isolated (%) Sequence data (%)
Bacillus 10 313 01 0.012
Vibrio 09 28.1 03 0.547
Acinetobacter 06 18.8 04 0.499
Staphylococcus 04 125 02 0.024
Photobacterium 02 6.3 01 0.004
Exiguobacterium 01 3.1 0 0.000
Total 32 100.0 11 1.086
Comparison between culture-dependent and and because its DNA represented only 0.04% of the

culture-independent microbiology

PGM has been previously used for analyzing the
marine community (Fujimoto et al. 2014, Brinkmeyer
2016) and was successfully used to characterize the
relative abundance of microbial genera present in the
biofilm. According to PGM analysis, the biofilm’s most
abundant phyla were Proteobacteria and Bacteroidetes,
in relative proportions to the samples processed by
Dang et al. (2008) fromthe Yellow Sea. Isolated strains
belonged only to Firmicutes and y-proteobacteria, and
represented six bacterial genera. Previous studies report
that the phylum y-proteobacteria strongly predominate
the culture-dependent microbiota of marine biofilms
associated with the settlement of larvae of bivalve, sea
urchin, Polychaeta, and algae zoospores. In contrast,
the genera Pseudoalteromonas, Vibrio, Alteromonas,
and Shewanella are the most frequently isolated
bacteria (Lau et al. 2002, Patel et al. 2003, Huggett et
al. 2006, Yang et al. 2013, Dobretsov & Rittschof 2020,
Vijayan & Hadfield 2020).

In this study, the absence of Pseudoalteromonas and
the substantial prevalence of Bacillus and
Staphylococcus are remarkable. Some Bacillus and
Staphylococcus strains have been shown to promote
mussel and Polychaeta larval settlement (Lau et al.
2002, Ganesan et al. 2010, Freckelton et al. 2017) and
were found in high prevalence on recently settled
abalone and its substrate (Jiang et al. 2017). As specific
strains from the same genus may present a settlement-
inducing, non-inducing, or even antifouling activity,
further studies are necessary to determine the relevance
of Firmicutes' presence on A. purpuratus larvae
settlement.

On the contrary, the absence of isolated Pseudoal-
teromonas, a common cultivable and invertebrate
settlement-inducing bacterium (Peng et al. 2020), is
probably due to its actual non-existence as this genus
grows well on the culture mediums used in this study

valid reads obtained by PGM.

The NGS data pointed out that the isolated bacteria
did not belong to any dominant order and represented
only a little more than 1% of the whole biofilm-
associated microbiota, thus confirming that the
bacterial community's culture-dependent methods
analysis are obsolete (Amann et al. 1995). Peng et al.
(2020) also described a very low correlation between
the more prevalent genus identified by NGS and the
most isolated genus from a biofilm inducing the
settlement of the polychaete Hydroides elegans.

Sequences of the genus Pelobacter and Lewinella
were the most frequent ones obtained by NGS in our
study. Those bacteria frequently inhabit marine
sediment and other aquatic reducing environments
(Schink 2006). The Sechura Bay is located at the
northern extension of the Peruvian upwelling system.
Its high productivity is associated with the oceanic's
intermittent rises to the surface (Tarazona & Arntz
2001). The suspension of these anoxic particles and
nutrients could explain the abundance of soil and the
biofilm's reducing environment.

Other bacterial genera dominant in the biofilm (such
as Hoeflea, Marinobacter, and Pseudomonas) have
been described to exhibit algaecidal or stimulatory
effects toward microalgae (Palacios et al. 2006,
Keawtawee et al. 2012, Ritchie 2012, Natrah et al.
2014, Ramanan et al. 2016). Moreover, to directly or
through their exudate, either inhibit or favor inverte-
brate settlement (Khandeparker et al. 2002, Huggett et
al. 2006, Salta et al. 2013, Sharp et al. 2015). Moreover,
Hoeflea is dominant within the microbiota associated
with abalone larvae and their settlement substrate based
on NGS analysis (Jiang et al. 2017). In contrast, some
cultivable Pseudomonas and Marinobacter species are
abundantly founded in A. purpuratus larval rearing
(Godoy et al. 2011).
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Altogether, these results suggest that our
mixotrophic biofilm was principally composed of
microorganisms that were biofilm specialists concer-
ning microalgae or the settlement of invertebrate larvae
or marine sediment. This pattern is correlated with the
high primary productivity and high nutrient
environment of the Sechura Bay.

Successful settlement and metamorphosis rates of
A. purpuratus larvae rarely exceed a few percentages in
commercial hatcheries and are unknown in the ocean.
Numerous studies indicate that older biofilms are more
attractive because they become thicker and more
diverse (as reviewed by Salta et al. 2013) and comprise
suspended particles and colloids along with important
highly competitive biofilm-forming microorganisms
that may mask or displace the “artificial biofilm.” In
that sense, experiments using Netlon collectors
previously coated with selected microalgae and
bacteria strains known to stimulate A. purpuratus
settlement in the laboratory could not improve natural
spat collection in the sea (Cantillanez et al. 2010). Thus,
it is probable that the use of a specific microbial strain
is not adequate in natural conditions where microbial
communities are highly diverse and dynamic. As the
majority of biofilm-forming bacteria are uncultivable,
the use of advanced microbiological methods, such as
“co-culture” (Marmann et al. 2014) or the use of highly
inductive biofilms (as the one described in this study),
as a microbial culture starter, should be evaluated along
with the application of NGS as biofilm community
monitoring tools.
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