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a b s t r a c t

DNA metabarcoding provides a rapid and effective identification tool of macroinvertebrate species. The
accuracy of species-level assignment, and consequent taxonomic coverage, relies on comprehensive
DNA barcode reference libraries, which, due to incompleteness, are currently a recognized limitation
for metabarcoding applications. In this study, we assembled a comprehensive reference library of
DNA barcodes for Atlantic Iberia marine macroinvertebrate species, assessed gaps in species coverage
and examined data ambiguities. Initially, an Iberian species checklist for the three dominant groups
of marine macroinvertebrates was compiled, comprising 2827 species (926 Annelida, 638 Crustacea
and 1263 Mollusca). A total of 18162 DNA sequences of the cytochrome c oxidase subunit I barcode
region (COI-5P) matching the species checklist were compiled in a BOLD dataset, where taxonomic
discordances were evaluated and cases of deep intraspecific divergence flagged. Gap-analysis showed
that 63% of the Iberian macroinvertebrate species still lack a DNA barcode. Coverage gaps varied
considerably across taxonomic groups with Mollusca displaying the highest sequence representation
in the dataset (427 species, 49% of the total number of sequences), and Crustacea the highest species
coverage with 338 species barcoded (53% of the checklist). In contrast, Polychaeta displayed the lower
levels of completion (288 species, 16% of the total number of sequences). In total, 1545 Barcode
Index Numbers (BINs) were assigned to 1053 barcoded species, of which 66% were taxonomically
concordant, 26% displayed multiple BINs and 8% were discordant. Overall, results show that there is
still a large portion of marine invertebrate taxa in this region of Europe pending barcode coverage,
even considering only the dominant groups. However, the most notable finding was the relevant
proportion of species flagged for significant intraspecific divergence and possible hidden diversity.
The annotated reference library and gap-analysis here provided can therefore contribute to prioritize
marine macroinvertebrate taxa for future research efforts and barcode coverage.

© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The Atlantic coast of the Iberian Peninsula occupies a central
geographic position in the North east Atlantic, spreading along
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intermediate latitudes (between 43◦ 47’N and 36◦ 00’N), connect-
ing the north temperate and warm sub-tropical waters (Spalding
et al., 2007; Briggs and Bowen, 2012). This Atlantic region is right
at the core of the Lusitanian biogeographic province (Spalding
et al., 2007; Briggs and Bowen, 2012) that harbors a diverse
marine fauna, enriched by the faunas from the various adjacent
regions, such as the Mediterranean, the sub-tropics and Mac-
aronesia, as well as the faunas from further north and western
Atlantic. Many invertebrate species have their northern or south-
ern range limits in this area (e.g. Boaventura et al., 2002; Pereira
et al., 2006; Lima et al., 2007), which makes it a particularly
suitable region to monitor the impact of global change in marine
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species ranges in the NE Atlantic. Furthermore, offshore Atlantic
Iberia waters constitute one of the largest routes of the globe for
maritime traffic (Nunes et al., 2014; Pejovic et al., 2016), which,
together with major commercial ports and numerous recreational
marinas in Portugal and Spain, make this region highly suscepti-
ble to exposure to non-indigenous marine species (Chainho et al.,
2015; Rubal et al., 2018). Monitoring of coastal fauna in the
Iberian Atlantic Peninsula is therefore of prime importance for
early assessment of impacts and changes in marine communities
and ecosystems that may have repercussions in other areas of the
NE Atlantic (Araújo et al., 2009; Pascual et al., 2010; Miralles et al.,
2016; Múrria et al., 2019).

Due to their rapid and sensitive response to environmen-
tal and human pressures, marine macroinvertebrates have been
widely used as bioindicators of ecological status in marine ecosys-
tems (Aylagas et al., 2014). Up to now, long term monitoring
of coastal ecosystems in the Iberian Atlantic Peninsula has been
carried out through morphology-based community assessments
(e.g. Guerra-García et al., 2011; Veiga et al., 2016), including
monitoring of macroinvertebrate assemblages in the scope of EU’s
Water Framework Directive (WFD, Directive 2000/60/EC) and
Marine Strategy Framework Directive (MSFD, Directive
2008/56/EC) (European Commission, 2000, 2008). Morphology-
based diagnosis is particularly challenging in Atlantic Iberia, con-
sidering the diversity of faunal assemblages, including species
coming from various adjacent regions, and the lack of dedicated
taxonomic keys for this region (especially when compared with
other marine regions such as Mediterranean — Ruffo, 1982; the
British Isles — Lincoln, 1979; Naylor, 1972 or Northwest Europe
— Hayward and Ryland, 1995). Moreover, reports displaying
growing evidence for the existence of a sizeable proportion of
hidden or cryptic diversity among marine invertebrates (Hupało
et al., 2019; Teixeira et al., 2019; Vieira et al., 2019), including
many taxa that occur in this region (e.g. Borges et al., 2016;
Lobo et al., 2016, 2017), further call into question the accuracy
of morphology-based assessments.

The recent development of DNA metabarcoding approaches
for species assessments (Hajibabaei et al., 2012; Cristescu, 2019)
provides an opportunity to complement morphology-based pro-
cedures, thereby globally improving the accuracy, throughput
and efficiency of marine monitoring, including macroinvertebrate
communities (Bourlat et al., 2013; Cowart et al., 2015; Aylagas
et al., 2018; Pearman et al., 2018). In addition to constituting
the single available method to diagnose cryptic species (Lind-
eque et al., 2013), strengths of DNA-based approaches include
reduced ambiguity and greater accuracy, identification of small
taxa, immature or larval stages, and possibility of direct com-
parison among sites and studies and future verification of the
identifications (Leese et al. 2018, 2016). It also enables higher
spatial–temporal frequency in monitoring due to higher through-
put (Bush et al., 2019). However, the usefulness and efficiency
of DNA metabarcoding depends heavily on the extent of the
taxonomic coverage and the quality of records available in the
reference libraries of DNA barcodes that underpin the method
(Siddall et al., 2009; Leray and Knowlton, 2016). The develop-
ment of several biomonitoring programs associated with high-
throughput biodiversity data prompts the necessity to provide
quality assurance for DNA barcodes (Leese et al., 2018, 2016;
Oliveira et al., 2016; Weigand et al., 2019). In fact, important
taxonomic gaps in the reference libraries of DNA barcodes of
marine invertebrates have been recently reported for the Eu-
ropean marine regions, which are typically much larger than
their freshwater counterparts. Some records are flagged as doubt-
ful barcodes and inadequate quality standardization of reference
barcodes can affect the reliability of a reference library. This
includes identification errors, sequence contamination, incom-
plete reference data without trace files or primer information and
inadequate data management (Weigand et al., 2019).

Considering the above described relevance of the Atlantic
Iberia region and the importance of up-to-date DNA-based tech-
nologies to support macroinvertebrate monitoring in this region,
we conducted a comprehensive assessment of the gaps in the
regional reference library of COI barcodes for the three most
prominent coastal marine taxa (Annelida, Crustacea and Mol-
lusca) occurring in this area. We also reviewed the taxonomic
congruency of the COI barcode records and provided a com-
prehensive and annotated reference library for the target taxa
occurring in Atlantic Iberia.

2. Material and methods

2.1. Study area and checklist

A comprehensive species-level checklist of marine macroin-
vertebrate species occurring in Iberian Atlantic Coast was com-
piled using the World Register of Marine Species (WoRMS)
database (http://www.marinespecies.org/) and literature records
(for checklist details with species information consult Table S.1;
to consult references see Table S.2). The study area comprised
the marine region of Continental Atlantic Iberia, i.e., between
the France–Spain Atlantic border to the strait of Gibraltar (Mac-
aronesia not included). We assessed only selected taxonomic
ranks among the three most dominant groups of marine macroin-
vertebrates: Crustacea (Malacostraca: Amphipoda, Decapoda and
Isopoda; Thecostraca: Balanomorpha), Annelida (Polychaeta) and
Mollusca (Bivalvia, Gastropoda and Polyplacophora). The validity
of the species names in the final checklist and their assignment
as ‘‘marine’’ was verified in WoRMS database with the package
‘‘worms’’ (Holstein, 2018), through the software R 3.6.1 (R Core
Team, 2019; www.r-project.org).

2.2. Data mining and BOLD Dataset creation

All the available COI-5P sequences matching the species names
in the checklist for Atlantic Iberia were mined from the Barcode
of Life Data system (BOLD; Ratnasingham and Hebert, 2007)
using the R package ‘‘bold’’ (Chamberlain, 2019). Records without
information on species name, containing COI sequences with less
than 500 base pairs and flagged for contamination, stop-codons
or indels were subsequently removed. To this dataset, we added
new sequences of specimens collected at the Iberian Atlantic
coast (dataset DS-AIMARINV, which also includes records ob-
tained by us from our past publications). A final dedicated dataset
which aggregate all compiled DNA barcodes (DS-GAIMARIN —
doi.org/10.5883/DS-GAIMARIN; Table 1) was created in BOLD.

The new COI barcode sequences were obtained from spec-
imens collected on the Portuguese coast, following published
protocols (Borges et al., 2016; Lobo et al., 2016, 2017), and were
submitted to GenBank (accessions and specimen list are available
in Table S.3).

2.3. Data processing and analyses

To conduct a global gap-analysis of the barcoded species from
Atlantic Iberia, we compared the species checklist with all pub-
licly available COI-5P sequence records in BOLD. A species was
considered successfully barcoded if at least one COI-5P sequence
(>500 bp) was available. The geographic origin of the specimens
was also recorded. All the records sampled between the co-
ordinates lat 42.00 and 44.00 and between long −11.00 and
−02.00 (North Continental Atlantic Iberian Peninsula) or between
lat 36.00 and 42.00 and between long −11.00 and −05.30 (South
Continental Atlantic Iberian Peninsula) or with clear indication
that were sampled in Continental Atlantic Iberia were considered

http://www.marinespecies.org/
http://www.r-project.org
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Table 1
Number of COI-5P sequences generated under this study and number of COI-5P sequences retrieved from BOLD,
compiled in the dataset DS-GAIMARIN for each target taxa, with the associated BOLD project code.
Target taxa BOLD project code Number of COI-5P sequences

Crustacea: Decapoda MLALEa 22
Crustacea: Isopoda ISOALa; WBECa 3
Crustacea: Balanomorpha FCCOMa 27
Annelida: Polychaeta PCALEa 9
Mollusca: Bivalvia BIPMa; BIVa; BVALNa; METPa 39
Mollusca: Gastropoda GTALEa 7
Mollusca: Polyplacophora PIPMa 8
Crustacea, Annelida and Molluscab 18047

Total 18162

aNew data generated on this study.
bRetrieved from Bold.

as ‘‘Atlantic Iberian Peninsula’’. All the records with clear country
information outside from the delimited area were considered as
‘‘not Atlantic Iberian Peninsula’’. Ambiguous records indicating
Iberian Peninsula or Atlantic Ocean (i.e., doubts if they were
sampled in Atlantic Continental Iberia or elsewhere) were con-
sidered ‘‘unknown’’. For the purpose of data analyses, we first
considered records of species from Atlantic Iberian Peninsula, sec-
ond selected species with records indicating geographic sampling
collection outside Iberian Peninsula; and lastly the ‘‘unknown’’
records.

All the species in the dataset which were assigned to a Barcode
Index Number (BIN) (Ratnasingham and Hebert, 2013) were an-
notated with one of three possible taxonomic congruency grades:
discordant (i.e. more than one species assigned to the same BIN),
multiple BINs (i.e., one species assigned to more than one BIN)
and concordant (i.e., one species assigned to only one BIN). The
BINs assigned to different species (i.e. discordant BINs) were care-
fully inspected by checking their placement in NJ phenograms,
looking for the valid species names, synonyms or contaminations,
and by inspecting BINs’ content on BOLD database. Namely, to
further verify the congruency between BINs and morphospecies,
neighbor joining (NJ) phenograms for each phylum, were built
in MEGA v7, using Kimura-2-parameter (K2P) substitution model
(Kimura, 1980). Node support was assessed through 1000 boot-
strap replicates. Only three selected sequences from each BIN
were used to construct the NJ phenograms. The selection was
performed by using the following criteria in the same order:
(1) without ‘‘N’’ and without gaps and whenever possible, se-
lect sequences with 658 bp; (2) sequences between 650 bp and
657 bp; (3) sequences between 600 bp and 649 bp; (4) sequences
between 500 bp and 599 bp; (5) sequences higher than 658 bp;
(6) any available sequences. When more than three sequences
were compliant with the above criteria, only three were randomly
selected. In the case of species without an attributed BIN, we
selected three sequences from each species following the above
criteria. All sequences were aligned using MAFFT v7 (https://
mafft.cbrc.jp/alignment/server/; Katoh and Standley, 2013).

The bioinformatic pipeline developed to carry out these analy-
ses is available at https://github.com/pedroemanuelvieira/Iberian-
Peninsula-DNA-Reference-Library.

3. Results

The final checklist had a total of 2827 marine macroinverte-
brate species occurring in the Atlantic Iberia, belonging to three
major groups (926 Annelida, 638 Crustacea, and 1263 Mollusca).
The distribution by taxonomic groups, the number of sequences
per group and the geographic region of specimen collection are
displayed in Fig. 1 (see detailed information in Tables S.3 and S.4).

The DS-GAIMARIN dataset is composed by 18162 COI-5P se-
quences belonging to 1053 species, assigned to 1545 BINs. One-
hundred and fifteen new DNA barcodes were generated under

this study, among which two species were barcoded for the first
time, namely the decapod Gilvossius tyrrhenus (Petagna, 1792)
and the polyplacophora Leptochiton albemarlensis A. G. Smith &
Ferreira, 1977.

Mollusca was the most well represented taxon in the dataset
in number of sequences (8816 sequences, 49%), and the most
diverse class, in terms of species, was Gastropoda (952 species),
which also displayed the highest number of sequences (5406).
Crustacea also had a high proportion of species with DNA bar-
codes (6266 sequences, 35% of sequence representation), for
which Amphipoda was the most well represented order in terms
of species (268 species), although Decapoda recorded a higher
number of DNA barcode sequences (3253 sequences, 52% of se-
quence representation). On the other hand, Polychaeta displayed
very low numbers of sequences (16%), although well represented
with species in the list (approximately 33% of the total number
of species).

The availability of DNA barcodes for the examined taxa varied
considerably across taxonomic groups (Fig. 1.A), and in total
only 37% (1053 species) of the species had at least one barcode
sequence deposited in BOLD. Among the three selected groups,
Polychaeta had the lowest barcode coverage, with only 31% (cor-
responding to 288 species) of the total species represented in the
checklist being barcoded. In Mollusca 34% of the species were
barcoded, however among the three major classes more than 50%
were still missing DNA barcode sequences. Despite Gastropoda
having the highest number of representative sequences it dis-
played a lower level of completion (31%), than Bivalvia (42%)
or Polyplacophora (52%). Yet the number of listed taxa is highly
disparate for these classes: 952 for Gastropoda, 286 for Bivalvia
and 25 for Polyplacophora. Overall, Crustacea had the largest
coverage with 53% (338 species barcoded), but Decapoda and
Balanomorpha reach more than 80% of total species barcoded,
while Amphipoda and Isopoda displayed very low completion;
43% and 24%, respectively.

Although Crustacea did not display the highest number of
sequences, a detailed analysis of the geographic region from
where the specimens were sampled reveals that the highest
representation of species from Atlantic Iberia was found for this
group (57% of total number of species, Fig. 1.B). The results also
showed that the majority of the sequences had the specimens
sampling collection information associated, and for only 16% of
barcoded species there was no data or insufficient data (i.e. ‘‘un-
known’’). Sixty-seven species in the list are non-indigenous for
the Iberian Peninsula, of which 61% (41 species) had at least one
barcode sequence deposited in BOLD, while 39% (26 species) lack
a barcode sequence (Table S.5.).

https://mafft.cbrc.jp/alignment/server/
https://mafft.cbrc.jp/alignment/server/
https://mafft.cbrc.jp/alignment/server/
https://github.com/pedroemanuelvieira/Iberian-Peninsula-DNA-Reference-Library
https://github.com/pedroemanuelvieira/Iberian-Peninsula-DNA-Reference-Library
https://github.com/pedroemanuelvieira/Iberian-Peninsula-DNA-Reference-Library
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Fig. 1. A. DNA barcode coverage for marine macroinvertebrate species occurring in Atlantic Iberia. Barcode coverage with at least one COI-5P sequence per species
(green bar). Numbers on the right side of each bar refer to the total number of sequences. B. Partitioning of the geographic origin of specimens available in the
reference library: sampled in Atlantic Iberia, outside of Iberian Peninsula and uncertain geographical information (unknown). (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this article.)

Overall, the majority of BINs were considered concordant
(i.e. one BIN = one species): 649 species corresponding to 42%
of the total number of BINs (Fig. 2). A total of 284 species were
assigned to more than one BIN (corresponding to 831 BINs, 27%
of the species), and Mollusca displayed the highest percentage
of species assigned to multiple BINs (124 species, 43% of BINs).
Among Mollusca, Gastropoda had the highest number of species
displaying multiple BINs (80 species, 59% of BINs), however it
was also the class harboring more species and consequently more
representative sequences. Only 11% of the total number of BINs
were discordant (i.e. 120 BINs were shared by more than one
species). Gastropods showed the highest levels of discordance
(36 species), whereas Polyplacophora, Isopoda and Balanomorpha
did not display any discordant BINs. However, a subsequent
inspection of BINs revealed an overestimation and unrealistic
percentage of discordant BINs. Following a careful inspection,
33 discordant BINs displayed concordance or can be assigned
to other species, mainly due to misidentifications. Therefore, the
number of discordant BINs decreased to 87 species (8%; Table S.6),
and consequently the number of concordant and multiple BINs
increased to 676 species (66%) and 259 species (26%; Table S.7),
respectively.

Phylogenetic trees were constructed for taxonomic reliability
inspection (Figs. S.1–S.8). A total of 3178 COI-5P sequences dis-
tributed over the three taxonomic groups (1010 Crustacea, 1343
Mollusca, and 825 Polychaeta) were used to construct the trees.
The number of species represented by only one sequence per BIN
(singletons) was 65 for Crustacea, 103 for Mollusca and 127 for
Polychaeta. Furthermore, 170 species (61 Crustacea, 80 Mollusca
and 29 Polychaeta) displayed a high intraspecific divergence, and
the groups with the highest values were Gastropoda (46 species)
and Decapoda (32 species), followed by Bivalvia (29 species) and
Amphipoda (20 species).

4. Discussion

The current study highlights three main considerations: first,
reference libraries still lack representative barcodes for many
marine macroinvertebrate species belonging to dominant faunal
groups; second, a considerable number of species apparently inte-
grate hidden or undescribed diversity; and third, a comparatively
low proportion of taxonomic incongruences were detected, which
may eventually impact the accuracy of current DNA-based assess-
ment and biomonitoring of marine ecosystems, though we par-
tially sorted them out by auditing and annotating our compiled
reference library.

Marine macroinvertebrates are among the most phylogenet-
ically diverse communities, thereby constituting a particularly
demanding component for morphology-based biomonitoring, and
also a harder target to achieve a comprehensive DNA barcode
reference library (Lobo et al., 2017). Yet, DNA metabarcoding’s
taxonomic span of detection and degree of accuracy is highly
depend on reference libraries completion and reliability of the
records. In the current study the gap of DNA barcodes found
was considerably high for the examined taxonomic groups (63%).
This result was not unexpected since a number of studies al-
ready revealed a high prevalence of gaps of DNA barcodes for
specific taxa (e.g. Aylagas et al., 2014; Abad et al., 2016; Lobo
et al., 2016), and other studies showed disagreements between
molecular and morphological assignments which are mostly asso-
ciated to incompleteness of reference sequences databases (Kelly
et al., 2017; Weigand et al., 2019). Furthermore, marine biodi-
versity assessment is challenging due to geographical large-scale
sampling effort, which has a critical impact on species assess-
ment (Bergsten et al., 2012). These factors have negative impacts
on taxonomic research, which leads to a higher proportion of
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Fig. 2. Number of BINs according to taxonomic congruence annotations (concordant, multiple or discordant) for each taxonomic group on the Atlantic Iberia reference
dataset.

undescribed diversity and affect the outcome of richness of a
community (Pawlowski et al., 2018).

Our results are comparable to those obtained with other
checklists compiled for marine species: the AZTI Marine Biotic
Index (AMBI) list (Borja et al., 2000; Aylagas et al., 2014; Weigand
et al., 2019) and the European Register of Marine Species (ERMS)
list (Weigand et al., 2019), both targeting European marine occur-
ring taxa, but that differ in the taxonomic composition. Although
for the three taxonomic groups our checklist had similar number
of taxa as the AMBI list (2827 and 2560, respectively) and much
lesser than the ERMS list (14207 species), the gap found in the
current study was more similar to the one found previously for
the ERMS’ list (70% for the ERMS vs 63% for ours vs 50% for AMBI)
(Weigand et al., 2019).

The number of DNA barcodes available on public databases
can be somehow related with the number of dedicated studies,
and consequently barcoding projects associated (Weigand et al.,
2019). For example, many projects and studies were dedicated
to complete the reference sequences databases for fishes (Costa
et al., 2012; Keskin and Atar, 2013; Oliveira et al., 2016; Cariani
et al., 2017), while the number of macroinvertebrate barcoding
dedicated projects are much lower. Indeed, the obtained differ-
ences on DNA barcode completion among the three taxonomic
groups can be explained by the frequency that specific taxonomic
groups and/or species are targeted in barcoding studies (Barco
et al., 2016; Lobo et al., 2016). We found many barcoding-based
studies dedicated to crustaceans (Costa et al., 2007; da Silva et al.,
2013; Raupach et al., 2015; Lobo et al., 2017), which can highly
increase the representativeness of sequences belonging to this
group in genetic databases, and is probably the best explana-
tion for the largest coverage of Crustacea found in the current
study. Furthermore, most of these studies based on crustaceans
were developed in Atlantic Iberia, which can explain the highest
representation of this group with records from Atlantic Iberia.
Our results reveal the need to increase the projects and studies
dedicated to marine macroinvertebrate species, in particular for
Annelida and Mollusca. However, while reference libraries are
far from being complete, the generation of DNA barcodes for
the most frequent species occurring at a particular site or re-
gion may overcome databases incompleteness and consequently
improve taxonomic assignment using DNA-based tools in local
studies (Aylagas et al., 2014; Abad et al., 2016). Although we
registered a relatively low proportion of sequences (16%) with
no geographic data or insufficient data (i.e. ‘‘unknown’’ sequences
represented on Fig. 1.B.), it is important to stress the relevance of
metadata in public databases, particularly the geographic origin
of the specimens, which is especially critical for a library still with
considerable gaps and numerous poorly-represented species.

Globally, the comparative analysis between morphology-based
taxonomic identification and BINs assignments exposed a size-
able amount of discordances. Notably, it also suggested that
species diversity assessed through morphology can be currently
underestimated by as much as 50% of the target taxa, with
suspected hidden diversity recorded on over 5% of the exam-
ined morphospecies. These findings are transversal to all taxo-
nomic groups and can be explained by different reasons. In some
cases, the species names have not yet been updated in the BOLD
database, and sequences misidentified combined with taxa absent
in the databases will generate incorrect taxonomic identifications.
For example, two specimens of gastropods were morphologi-
cally identified to genus-level as Nassarius sp. and Ocenebrina
sp. However, based on barcodes and phylogenetic trees con-
struction, both cases can be now identified as Tritia incrassata
(Strøm, 1768) and Ocenebra edwardsii (Payraudeau, 1826). More-
over, two decapods Melicertus kerathurus (Forskål, 1775) and Pe-
naeus kerathurus (Forskål, 1775), were attributed to the same BIN
(BOLD:AAB4142), but a confirmation on WoRMS of the taxonomic
status of the scientific names revealed that M. kerathurus is cur-
rently unaccepted and was updated to P. kerathurus. A closer look
to the phylogenetic tree generated in the current study, suggested
that other BINs discordances can be related to misidentifications.
For example, the BIN BOLD:AAW8076 had sequences identified
as Caprella acanthifera Leach, 1814 and Caprella danilevskii Cz-
erniavski, 1868, which grouped on the same clade with low
divergence. However C. danilevskii shall be the correct taxo-
nomic identification, since there is another BIN (BOLD:AAY5434)
identified as C. acanthifera grouped in another clade which is
recognized as a species-complex since 1998 (Krapp-Schickel and
Vader, 1998). Overall, our careful inspection of the composi-
tion of the discordant BINs revealed that most were related to
misidentifications or synonyms.

Consistently, all taxonomic groups analyzed displayed a fair
amount of cases of high intraspecific divergence, probably related
with hidden or cryptic diversity, of which most of them were
already reported in previous studies (Best and Stachowicz, 2013;
Layton et al., 2014; Leray and Knowlton, 2015; Trickey et al.,
2016; McCarthy et al., 2019; Teixeira et al., 2019; Vieira et al.,
2019). For example, for the gastropod genus Doto represented in
the reference library by 8 distinct species, has been pointed out
as an extremely challenging group for taxonomic identifications
due to their small body size, similar color patterns and lack of
distinctive morphological characters (Morrow et al., 1992; Pola
and Gosliner, 2010). In our results, Doto coronata (Gmelin, 1791)
and Doto koenneckeri Lemche, 1976 were each one assigned to
two different BINs and grouped in different clades with high
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divergence (>8%). Some researchers described these lineages as a
complex (Korshunova et al., 2016; Shipman and Gosliner, 2015),
but more taxonomic and molecular work are still needed to solve
this issue. Another example of an observed cryptic complex is
the polychaete Syllis gracilis Grube, 1840. DNA barcodes for this
species were sorted into multiple lineages with an unbalanced
representation: 34 sequences assigned to 11 BINs. This cryptic
complex has been already disclosed, however a combination of
different interactions among environmental features and bio-
geographical factors have been hindering its full interpretation
(Langeneck et al., 2020).

Although previous studies on Amphipoda revealed a majority
of monophyletic clades consistent with consolidated morphos-
pecies (Raupach et al., 2015), there is still considerable taxonomic
instability in particular species, which display among the highest
levels of intraspecific divergence here recorded. This is the case,
for example of the Apohyale stebbingi Chevreux, 1888 complex
(Desiderato et al., 2019), which was assigned to two different BINs
(BOLD:AAI8298 and BOLD:ACX2700) diverging over 13% K2P.

One of the salient advantages of metabarcoding compared
to morphology-based monitoring is the ability to detect and
document the occurrence of cryptic species. However, because
metabarcoding procedures typically use shorter fragments then
the full COI-5P, one question that may arise is if there will be still
enough resolution to discriminate cryptic species in such con-
ditions. At least for COI metabarcoding of marine invertebrates,
studies have shown that there is very little loss of discrimination
ability for segments of COI-5P down to 200 base pairs (Hollatz
et al., 2017). However, this may not hold for other markers, such
as for example 18S rDNA sequences, which have been docu-
mented to have little discrimination ability at the species level
(Tang et al., 2012; Lejzerowicz et al., 2015; Danovaro et al., 2016).
On the other hand, instances of hybridization or mitochondrial
introgression between closely related species will fail detection
by metabarcoding (like through regular DNA barcoding), but such
phenomena will be very likely overlooked by morphology-based
monitoring as well (Cowart et al., 2015; Pawlowski et al., 2018).
There are of intrinsic pitfalls both in morphology- and barcode-
based identifications. Thus, the combination of morphological
identification with DNA barcoding in an integrative approach
for monitoring biodiversity contribute to significantly facilitate
comparative studies of genetic diversity in different species. In
addition, this integrative approach also facilitates comprehensive
analyses of a given taxonomic assemblage and provides insights
into the patterns of genomic diversity within species.

The addition of publicly available sequences obtained from
specimens collected in other geographic regions allowed to un-
derstand patterns of concordance/discordance between BINs. For
example, the polychaete Cirriformia tentaculata (Montagu, 1808)
was assigned to two distinct BINs which grouped in two clades:
BOLD:ACI3598 corresponding to samples originated from China,
and BOLD:ACI2312 corresponding to samples collected from Por-
tugal. This can be an evidence of possible cryptic polymorphism
in this species, already pointed out in a previous study (George,
1967). However, BINs were composed by a low number of se-
quences (less than 3 sequences), which are not enough to reach
a strong conclusion.

Considering the diversity of faunal assemblages combined
with the introduction of non-indigenous Species (NIS) in the
Iberian Atlantic coast, it is especially important to early assess
and monitor the impacts and changes in marine species range,
identifying possible biological invasions and enable the devel-
opment of mitigation strategies (Briski et al., 2016; Rey et al.,
2019; Viard et al., 2019). In order to use metabarcoding as a
tool to early detect and improve monitoring of NIS in coastal
and marine ecosystems, it is extremely important to complete

the number of missing barcode sequences for NIS (Briski et al.,
2016; Ardura, 2019), as well as to solve problems of multiple or
discordant BINs associated to NIS, since in this case species-level
identification is mandatory and wrong identifications can trigger
action or inaction when not required.

The detection of a reasonable number of marine macroinver-
tebrates still missing DNA barcodes and the presence of hidden
or undescribed diversity in the reference library compiled in
this study, highlight the urgent need to complete and curate
reference sequences databases for such important marine groups.
The reference library compiled, audited and annotated in the
current study is ought to be a valuable support to improve the
precision of taxonomic assignments in metabarcoding studies
in Atlantic Iberia and to overcome under- or overestimation of
species richness.

5. Conclusions

The reference library compiled in this study covers the most
dominant groups for marine macroinvertebrate species occurring
in the Iberian Atlantic coast, which are the most commonly used
species in biomonitoring programs. To our best knowledge, this
is the first study to assemble a barcode reference library for
these dominant groups of marine macroinvertebrate species from
this important region of the Atlantic. However, we are still far
from having a representative reference library for such diverse
taxonomic groups, with prevalence of large gaps in the library.
Furthermore, other important marine taxa (e.g. echinoderms or
ascidians) should be included in forthcoming studies to improve
the completion of reference libraries and broader integration in
ecological assessments of marine species, namely through DNA
metabarcoding. A significant finding emerging from our analysis
was the circa 50% higher number of species delimited through
molecular data (i.e. BINs) compared to described morphospecies
occurring in this Atlantic Iberia only. Implications of such ex-
ceptional levels of suspected hidden diversity should be taken
into consideration in upcoming macroinvertebrate-based ecosys-
tem monitoring and research. The continuous growth of refer-
ence libraries with comprehensive sampling strategies, ranging
from different regions and a broad range of specimens, combined
with morphological taxonomy and molecular phylogenetic tech-
niques will probably allow to better understand the diversity and
deep genetic structure within species, in order to solve the ob-
served discrepancies and incongruences, most of them probably
associated with undescribed or cryptic diversity.
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