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Abstract

Morphologically similar species are often overlooked, but molecular techniques have been
effective in signalling potential hidden diversity, thereby boosting the documentation of unique
evolutionary lineages and ecological diversity. Platynereis dumerilii and Platynereis massiliensis
are part of a recognized species complex, where only differences in the reproductive biology have
been identified so far. Recent studies integrating cytochrome c oxidase subunit | (COI) sequence
data with reproductive features and life-history observations, found evidence of additional
undescribed diversity for these species in the Mediterranean Sea.

Analyses of DNA sequence data (COI, 16S rDNA and D2 region of the 28S rDNA) of populations
of the P. dumerilii morphotype, obtained from a broader sampling area along European marine
waters and the Macaronesia islands (Madeira, Azores and Canaries), provided compelling
evidence for the existence of at least 10 divergent evolutionary lineages. Complementing the
genetic data, morphological observations of the better represented lineages revealed two major
groups with distinctive paragnath patterns. Other morphological characters, such as differences
in the size of the tentacular cirri, number of segments, shape of the parapodia, serration type in
the spiniger chaetae and pigmentation types, compared between topotypic material and from
other locations, were also useful in the erection of two new Platynereis species: P. macaronensis
sp. nov. widespread in the Macaronesia islands and Platynereis jourdei sp. nov., restricted to the
western Mediterranean. The previous unaccepted species Nereis agilis is emended as
Platynereis agilis comb. nov. for one of the lineages present both in the NE Atlantic and western
Mediterranean. P. dumerilii is also redescribed based on topotypic material. However, the
uncertainty in the identity of P. massiliensis due to the original incomplete description, and the
absence of type and topotypic material prevents its unequivocal assignement to the lineage
assumed in this and in other previous studies. The remaining five lineages are represented by
only a few small specimens with morphological features poorly preserved, thus were not
described in this study. Lastly, two small Nereidid species that share the same habitat and can
often be misidentified as P. dumerilii juveniles, one unique to the Macaronesia islands and the
other present both in the Mediterranean and Macaronesia, may be entirely new unreported
species or new pseudo cryptic lineages belonging to an existing group. Additional sampling effort

and further morphological examination are needed to clarify the status of these lineages.

Additional keywords: Platynereis, Nereididae, integrative taxonomy, cryptic species
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Introduction

A growing number of studies have been challenging the broadly-distributed or
cosmopolitan-quality of multiple marine benthic invertebrates (e.g. Nygren et al. 2018; Hupato et
al. 2019; Sampieri et al. 2021), unveiling instead the occurrence of complexes of cryptic or
pseudo cryptic species with more restricted geographic distributions (Struck et al. 2018;
Hutchings and Kupriyanova 2018; Cerca et al. 2020). Morphologically similar species are often
overlooked, but molecular techniques have been extremely effective in signalling potential hidden
species. Their detection, complemented with further morphological examination, has the ability to
boost the documentation of unique evolutionary lineages and associated diversity of ecological
attributtes (Nygren 2014; Langeneck et al. 2020; Martin et al. 2020).

Species with no clear and stable morphological differences, i.e. cryptic species, can
sometimes be distinguished by their life history traits. Evidence of this apparent morphological
stasis can be exemplified by the annelids Platynereis dumerilii (Audouin & Milne Edwards, 1833)
and Platynereis massiliensis (Moquin-Tandon, 1869). Based on previous descriptions, these
sibling species can only be distinguished by the different reproductive strategies (Hauenschild,
1951). Platynereis dumerilii is gonochoric and semelparous (with a single reproductive event in
life), with males and females being attracted to each other by pheromones (Zeeck et al. 1988;
Zeeck et al. 1998), transforming into a pelagic epitokous form called heteronereis (Zantke et al.
2014), dying after the process is over. The larval stage has a planktotrophic development (Zeeck
et al. 1988; Fischer and Dorresteijn 2004). Platynereis massiliensis shows no epitokous
transformation and is a protandrous hermaphrodite, characterized by egg brooding and
lecithotrophic larval stages with a semi-direct development (Schneider et al. 1992).

Platynereis dumerilii is a meso-herbivore species (Ricevuto et al. 2015) first described
from the French Atlantic coast (type locality: La Rochelle). It is also reported throughout the
Mediterranean inhabiting shallow hard bottoms covered by seaweeds (Giangrande 1988; Gambi
et al. 2000), where it is often mistaken for the apparent morphologically similar and sympatrically-
distributed P. massiliensis (type locality: Marseille, France). Outside the Mediterranean, P.
dumerillii has also been reported from other parts of the world such as the Gulf of Mexico, Cuba,
the English Channel, Norway, the Black Sea, Mozambique and South Africa (Kara et al. 2020). It
is considered a bioindicator of organic pollution (Bellan 1980), a model species for basic biology
and Evo-Devo studies (Fischer and Dorresteijn 2004; Helm et al. 2015; Ozpolat et al. 2021) can
also be used as a model to address various aspects of acclimatization and adaptation to ocean
acidification (Wage et al. 2017), as it is one of the dominant species present in volcanic CO:z vents
(Ricevuto et al. 2015). Although reported in Naples (Hauenschild, 1951) and Banyuls (Schneider
et al. 1992), P. massiliensis is still not included in Mediterranean polychaete check-lists and
revisions (Arvanitidis 2000; Mikac 2015) due to the analysis of preserved specimens only and the
lack of ecological investigations complemented with molecular data. Based on reproductive
biology studies, Valvassori et al. (2015) found evidence of the occurrence of P. massiliensis in

the CO:2 vents system of the Italian island of Ischia.
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Evidence of additional lineages belonging to the P. dumerilii complex were also found by
(Wége et al. 2017) after integrating cytochrome c oxidase subunit | (COI) sequence data with
reproductive biology and life-history observations on some selected populations thriving in the
vent areas from the Italian islands of Ischia and Vulcano. This analysis highlighted the presence
of four distinct Platynereis lineages, two of them primarily present in CO2 vents, and presumably
all brooders, and the other two clades dominating the non-acidified sites, appearing to be
epitokous free spawners. Based on this genetic data and the fact that there is no evidence of
accidental human translocation of P. dumerilii to other regions (Read 2007), it is highly probable
that at least some of the 19 previously synonymised species with P. dumerilii are actually valid
distinct species. These synonyms belong to 17 different type localities, ranging from the Atlantic
to the Pacific Ocean (Read and Fauchald 2021a) and might correspond to morphotype variants
within the P. dumerilii cryptic complex, that were inadequately synonymised. Recently, a South
African taxon formerly thought to be P. dumerilii was ascribed to a new species (P. entshonae
Kara, Santos, Macdonald & Simon, 2020) mainly based on molecular data, with principal
component analysis scores revealing no separation based on morphological characters (Kara et
al. 2020). However, a smaller postero-dorsal tentacular cirri (up to chaetigers 6-8) and an unique
bidentate chaetae type (notopodial homogomph falciger), distinguish this species from the original
P. dumerilii morphotype.

To investigate the possible existence of additional hidden Platynereis species within the
P. dumerilii morphotype, and attempting to resolve the current existing European complex in this
group, we used a multi-locus approach, as well as morphological data, to examine multiple
populations from Scandinavia, to the NE Atlantic, the Macaronesia islands (Azores, Madeira and

Canaries) and the Western and Eastern Mediterranean Sea.

Methods

Taxon sampling

Nereidid specimens were collected in several localities along the Atlantic and
Mediterranean coasts of Europe, including the Macaronesia islands, and at Mazagan (Morocco).
The Atlantic localities include: Norway (Stavanger, Bergen and Trondheim), Sweden (Tjarng),
Great Britain (Plymouth), France (Morlaix Bay, La Rochelle, Arcachon Bay), Portugal (northern
beach of Canto Marinho, Azorean islands of Santa Maria, Sdo Miguel and Terceira, Madeira and
Porto Santo islands), and Spain (Canary islands of Tenerife, Gran Canaria, El Hierro, La Palma,
Lanzarote and Fuerteventura). The Mediterranean localities include: France (Banyuls), Spain
(Calpe), Italy [Tuscany area (Calafuria, Antignano, Ardenza, Vada, Livorno and the islands of
Montecristo, Pianosa and Elba), Trieste (Adriatic Sea) and Taranto (lonian Sea)], and Greece
(Mazoma and in Crete island (Paralia Skinaria)). The specimens were picked among algae in
rocky beaches, at low tide or by scuba diving down to 10 meters depths, and fixed in 96% ethanol.
Additionally, specimens from the Arrabida Natural Park (Lisbon, Portugal) were provided by the

National Museum of Science and Natural History (Portugal).
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Molecular procedures and data mining

DNA sequences of the 5’ end of the mitochondrial cytochrome oxidase subunit | (mtCOI-
5P, approximately 658 bp) were obtained for 193 Platynereis specimens and 33 Nereididae
species belonging to other genera. Sequences of 16S rDNA (approximately 368 bp) and D2
region of 28S rDNA (approximately 420 bp) were also obtained for a representative number of
specimens per location. Molecular data from Pseudonereis palpata (Treadwell, 1923) specimens,
collected at Crete island, were used as outgroup for all the analysed loci, as well as COI
sequences from Perinereis marionii (Audouin & Milne Edwards, 1833) specimens collected in NW
Portugal (Canto Marinho) and Great Britain (Plymouth). For comparison purposes, COI
sequences from the four Platynereis lineages obtained by Wéage et al. (2017) and Platynereis
sequences from Kara et al. (2019) and (Calosi et al. 2013) were mined from GenBank.
Additionally, COI sequences belonging to the outgroups Neanthes fucata (Savigny, 1822), Nereis
zonata (Malmgren, 1867), Nereis pelagica Linnaeus, 1758, Nereis heterocirrata Treadwell, 1931
and Ceratonereis tantaculata Kinberg, 1865 were mined from GenBank and completed the final
dataset used for the phylogenetic analysis. DNA was extracted, amplified, sequenced, and
assembled as described in (Lobo et al. 2016) and Nygren et al. (2018). PCR conditions and
primers used are detailed in Table S1. Sampling locations, GenBank accession numbers, and
voucher data are detailed in Table S2. As only a few parapodia or a small portion of the posterior
end were used for the DNA extraction, DNA voucher specimens are deposited at the Research
Collection of Marine Invertebrates of the Department of Biology of the University of Aveiro (COBI
at DBUA), Portugal, and available for further morphological or molecular study. Specimens which
were exhausted in the DNA analysis were assigned only with the Process ID from the BOLD
systems (http://v4.boldsystems.org/), corresponding to the ones from northern Greece
(MTPD194-20-MTPD201-20) and the specimens MTPD191-20 (France, Morlaix) and MTPD144-
20 (Spain, Gran Canaria). The specimens from Norway are deposited at NTNU University
Museum (Bakken et al. 2021). The full dataset (excluding the sequences from Calosi et al. (2013),
which cannot be found in BOLD) and its metadata can be accessed at BOLD Systems under the
project “Platynereis Species Complex (DS-MTPD)” and in the following link: (doi: upon paper

acceptance).

Phylogenetic analysis

The phylogenetic analyses of the different loci were performed through maximum
likelihood (ML) and Bayesian inference (Bl). Sequences from the mtDNA COI-5P, rDNA 16S and
the D2 region of the rDNA 28S were aligned and concatenated in MEGA 10.0.5 software (Kumar
et al. 2018) with Clustal W (Thompson et al. 1994). MrBayes 3.1.2 (Ronquist and Huelsenbeck
2003) was used to conduct the Bayesian analysis. Best-fit models were selected using the Akaike
Information Criterion in the jModeltest software (Guindon and Gascuel 2003; Darriba et al. 2012).
For COIl we applied the Hasegawa-Kishino-Yano gamma distributed rates across sites (HKY +G)

for the first two positions and the General Time Reversible model with gamma distributed rates
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across sites (GTR +G) for the third position. The latter model was also applied to the remaining
loci (16S and 28S-D2). Number of generations was set to 10 000 000, and sample frequency to
500. Twenty-five percent of the samples were discarded as burn-in (burninfrac = 0.25). The
resulting tree files were checked for convergence in the effective sampling sizes (ESSs >200)
with Tracer 1.7 software (Rambaut et al. 2018) and then analysed in Figtree 1.4.3
(http://tree.bio.ed.ac.uk/software/figtree/). The final version of the tree was edited with the
software Inkscape 0.92.3 (https://www.inkscape.org). Maximum Likelihood phylogenies were
performed in MEGA 10.0.5 with 1000 bootstrap runs with the GTR model with gamma distributed
rates across sites (GTR +G) for the concatenated dataset. A maximum likelihood amino acid
radiation tree was also performed in MEGA 10.0.5, using the Jones-Taylor-Thornton model with
equal rates across sites (JTT) for all the COIl Platynereis lineages to visualize amino acid
differences between lineages. The Bl tree was displayed in the results with the addition of the ML
support values if a similar topology is found.

The alignments (fasta and nexus format) for each individual marker and the concatenated

one are all publicly available online at Figshare (doi: upon paper acceptance).

MOTU clustering

To depict Molecular Operational Taxonomic Units (MOTUSs), three delineation methods
were applied to the concatenated dataset, except for COl where the Barcode Index Number (BIN)
implemented in BOLD (Ratnasingham and Hebert 2013) was also applied. The Automatic
Barcode Gap Discovery (ABGD, (Puillandre et al. 2012) was implemented on a web interface
(http://Iwwwabi.snv.jussieu.fr/pic/abgd/abgdweb.html) with default settings using the K2P distance
matrix. The Generalized Mixed Yule Coalescent (GYMC) single threshold model (Fujisawa and
Barraclough 2013), as well as Poisson Tree Processes (bPTP, (Zhang et al. 2013) were applied,
with both analyses performed on a web interface (https://species.h-its.org/). BEAST 2.4.6
(Bouckaert et al. 2014) was used to generate the Bayesian ultrametric tree for the GYMC with the
appropriate best model (based on AIC criteria; GTR equal rates), and four independent runs for
50 000 000 MCMC generations, sampled every 5,000 generations. Tracer 1.6 software was used
to estimate convergence ESSs > 200 for all parameters. The consensus tree was obtained using
TreeAnnotator 2.4.6 (Bouckaert et al. 2014) and loaded into the Figtree software. ML phylogenies
obtained above in the “phylogenetic analysis” section contributed for the bPTP results. A final
consensus MOTU was chosen using the majority rule (i.e. most common number of MOTUs
across different delimitation methods and in case of draw, MOTUs were separated if more than

3.5% COI genetic divergence was present).

Genetic distances, diversity and structure

The mean genetic distances (Kimura-2-parameters, K2P) within and between MOTUs
were calculated in MEGA 10.0.5. Haplotype networks were made for the original sequences
through the PopART software (Leigh and Bryant 2015) using the method of Templeton, Crandall
and Sing (TCS, (Clement et al. 2002) to evaluate the relationship between the haplotypes and
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their geographical distribution. Indices of genetic diversity, namely number of haplotypes (h),
haplotype diversity (hd), polymorphic sites (S), nucleotide diversity (1), Fu & Li D and Tajima D
statistical tests, were estimated based on COI for each MOTU using DNASP 5.10 (Librado and
Rozas 2009).

Morphological analysis

Morphological observations were carried out with an Olympus stereo microscope
equipped with a camera lucida for line drawings. Stereo microscope images were taken with a
Canon EOS1100D camera. Compound microscope images of parapodia and chaetae were
obtained with a Zeiss Axioplan 2 imaging light microscope (Carl Zeiss, Oberkochen, Germany),
equipped with a DP70 Olympus camera (Olympus Corp., Tokyo, Japan), after mounting the
parapodia on a slide preparation using Aquamount (Gurr) liquid. The software Inkscape 0.92.3
(https:/imww.inkscape.org) was used to create the final images for the drawings of the parapodia,
pharynx and anterior part of the worm’s body.

Parapodial and chaetal terminology in the taxonomic section follows (Bakken and Wilson
2005) with the modifications made by (Villalobos-Guerrero and Bakken 2018). Pharynx paragnath
terminology follows (Bakken et al. 2009). Chaetigers after segment 15 are considered part of the

worm’s mid-body, with the first 15 segments considered the anterior region of the body.

Results

Phylogenetic reconstruction

The BI tree (Fig.1A) is split into two major clades. The first clade (Clade A, including
MOTUs 1-10) generally complies with the description of the Platynereis dumerilii pseudo cryptic
complex, while the second clade includes P. entshonae, a sibling species of P. dumerillii
distinguished mainly at the molecular level (Kara et al. 2020), a group of undetermined nereidids
that share the same habitat and some morphological similarities with juveniles of Platynereis
species (Clade B, including MOTUs 11-15), and all the outgroup species included in the analysis.
Clade A is further divided into three sub-clades (Al: MOTU 1; A2: MOTUs 2-6, A3: MOTUs 7-10)
based on close genetic distances, topology, information regarding the reproductive biology and
paragnath variations.

A total of 15 unigue consensus MOTUs were obtained, four of which are singletons with
only one sequence available (MOTUs 8, 13, 14 and 15). The remaining MOTUs correspond to
monophyletic clades with low divergence (COI <3% K2P) and are collapsed in Figure 1A. Apart
from the outgroups, additional MOTUs from other studies are also represented in the tree (GB1-
4). From these, GB2 and GB3 (included in Clade A3), present low support values (<0.85) and
lack well-defined bifurcated clades, and might belong to MOTU 9. However, morphological
analysis would need to be done to confirm this. MOTU GB1 seems to be a new lineage from
South Africa and MOTU GB4 is the recently described species P. entshonae. In general, the

Macaronesia (particularly the Canary islands) and the whole Mediterranean Sea appear to be a
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cryptic hotspot, with several localities with more than two sympatric MOTU’s (see map on Fig.
1B).

Focusing only on Clade A (P. dumerilii complex), three MOTUs are unique to the
Macaronesia (MOTU 5, 7 and 8) of which one occurs exclusively in Porto Santo island (MOTU 8)
and two sympatric ones are present in the Gran Canaria and Lanzarote islands alone (MOTUs 5
and 7). Additionally, three lineages are present exclusively in the Mediterranean (MOTU 1 and
MOTU 6 in the western part and MOTU 3 in the Eastern part of the Sea) of which MOTU 1 was
only found at Banyuls. Three sympatric MOTUs were identified in the southeast of Spain (MOTUs
4, 6 and 10) and in the Northern Tyrrhenian Sea (MOTUs 4, 6 and 9). Four different MOTU’s were
found in the NE Atlantic, three of them shared with the Mediterranean (MOTUs 4, 9 and 10) and
one exclusive to this part of the European coastline (MOTU 2). The specimens from the type
locality of P. dumerilii species (La Rochelle) grouped all within MOTU 4. This particular lineage is
the most widespread and easy to find among all the mainland samples, being present both in NE
Atlantic and the whole Mediterranean Sea, while MOTU 7 was the most widespread and abundant
one among the Macaronesia islands. A radiation amino acid tree based on COI sequences from
the 10 retrieved Platynereis’ MOTUs was also able to separate the three main sub-clades (A1,
A2 and A3) found in the Bl tree, with MOTUs 1, 2, 5 and 7 not sharing the same amino acids with
any of the remaining lineages.

A non-collapsed ML tree with 1000 bootstrap support can be seen in the supplementary
material (Fig. S1).

Genetic distances

The global mean genetic distances (K2P) for the clades A and B can be found in Table
1. Regarding only the Platynereis complex (clade A), the mean intra-MOTU distance was 0.2 (0
—3.5)% for COIl and 0.3 (0 — 1.4)% for 16S, while the average inter-MOTU distances were 19.4
(4.4 - 26.6)% and 6.2 (1.5 — 9.9)% respectively. For the 28S-D2 region, it ranged between 0.2 (0
—1.4)% and 1.1 (0.1 — 3.9)% for intra- and inter-MOTU divergence, respectively. Detailed mean
genetic distances for the three genetic markers between each MOTU can be found in Table S3.
When comparing between major clade A and B, the maximum interspecific genetic distances are
significantly higher in all loci, especially for 16S and 28SD2. In this scenario, maximum
divergences of 32.6% COlI, 35.7% 16S and 36.9% 28SD2 were recorded, as opposed to the
26.9%, 9.9% and 3.9% found only within clade A, based on the same respective loci.

Haplotype networks and diversity

All COI (Fig. 2A) and 16S (Fig. 2C) haplotypes were completely sorted among MOTUs,
i.e. no haplotypes were shared among more than one MOTU. However, some MOTUs (4, 5 and
6; 12 and 13; 14 and 15) shared the same haplotype in the 28S-D2 loci (Fig. 2B). The 28S-D2
network provided two major groups segregating clade B as seen in the BI, with more than 90

mutations separating it from clade A.
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The COI network also revealed geographically structured populations within MOTU 9 and
10, corresponding to the 5 distinct BINs shown in the BI (Fig. 1A), except the populations from
North of France and south of Great Britain that did not split into separate BINs in MOTU 10. By
contrast not all populations from different Atlantic islands were completely sorted in MOTU 7, with
the presence of shared haplotypes between all islands, except Gran Canaria and La Palma.
Further geographic sorting in the COI network can also be identified within MOTU 4 regarding
populations from the western and eastern Mediterranean Sea.

For the most sampled MOTUs (4, 6, 7, 9, 10) COI haplotype diversity is relatively high
(Hd > 0.89 t0 0.99, Table 2), except for MOTU 6 (Hd: 0.65). The latter, together with MOTU 4, are
the only cases with a significant Tajima D and Fu and Li’s D tests, where the negative values
indicate possible population expansion after a recent bottleneck or the occurrence of selective

sweeps, with the neutral model of nucleotide substitutions accepted for the remaining MOTUs.

Platynereis dumerilii pseudo-cryptic complex (clade A): Morphological findings

A compilation of European species currently considered as synonyms of P. dumerilii with
their main distinctive morphological traits based on the original descriptions is given in Table 3.
Platynereis nadiae Abbiati & Castelli, 1992 was included in this table, despite being currently
accepted by WoRMS, given the similarity of this species’ description with juveniles from
Platynereis dumerili. A similar summary was made for the ten different Platynereis MOTUs
analysed in this study (Table 4). Two new species are described in the taxonomic section, below,
corresponding to the MOTUs 6 (Figs. 3-4) and MOTU 7 (Figs. 5-6). Additionally, the previous
synonymized name Nereis agilis Keferstein, 1862 is reinstated as Platynereis agilis comb. nov.
for MOTU 10 and redescribed (Figs. 7-8). Amended descriptions of P. dumerilli (MOTU 4) and P.
massiliensis (MOTU 9) are also provided, using the specimens studied herein (Figs. 9-10 and
Figs. 11-12, respectively). The remaining MOTUs are represented by a smaller number of
specimens in suboptimal conditions and thus are not fully described here. However, they seem
to share the same morphological features from the respective phylogenetically nearest
neighbours (see Fig. 1A), except for a few different characteristics shown by MOTUs 2 and 5. In
MOTU 2 the morphology of parapodia and tentacular cirri is closer to MOTU 10 instead of the
remaining MOTUs from clade A2, while in MOTU 5 the tentacular cirri are similar to MOTU 9
(Table 4). Specimens from MOTU 3 were very small with the entire worm being used for DNA
extraction, thus only a very preliminary morphological analysis was done. MOTU 1 seems to be
morphologically similar to MOTU 4 (Table 4) and seems to share a similar pigmentation as the
Livorno population from MOTU 9.

All the analysed MOTUs from clade A seem to share the typical dorsal and ventral
parapodial cirri variation described in the topotypic material, with the dorsal cirrus being at least
twice the length of the corresponding ligule, whereas the ventral cirrus is short and may reach
half the size of the ventral ligule. Differences in the size of the tentacular cirri, paragnath patterns,
number of segments and serration type in the spiniger chaetae contributed for the main

differences between lineages. In our observations, pigmentation does not seem to be always a
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useful character since it can sometimes be absent in very small specimens or completely lost
upon fixation in ethanol. However, generally speaking, itis possible to identify a designated MOTU
based on the pigmentation patterns as seen in the respective figures, except between MOTUs 4
and 6 where some specimens might share similar pigmentation density and pattern. Another
apparently relevant morphological character is the number of teeth in the jaws of adult specimens,
considering the stability of the reported numbers, either 8 or 11 (Table 3). Due to the difficulty of
dissecting small organisms such as Platynereis specimens, the pharynx and jaws of the studied
specimens could only be examined in a few worms. Nevertheless, generally, MOTUs from clade

A3 seem to have a higher number of teeth, between 7-8 against the 5-6 from clade A2 (Table 4).

Undetermined nereidids (clade B): Morphological findings

Five additional MOTUSs, belonging to small sized nereidid specimens, were retrieved and
may be confused with small juvenile specimens of other Platynereis species. Apart from the
genetic evidence (Fig. 1A, Table 1) and considering morphological features alone (particularly,
the tentacular cirri and pharynx paragnaths), it is clear that MOTUs 11, 12 and 13 belong to a
different genus - either Neanthes Kinberg, 1865 or Nereis Linnaeus, 1758. Compared to
descriptions and figures in Fauvel (1923) and Fauna Iberica (Peral et al. 2004), MOTUs 12-13,
unigue to the Macaronesia islands, are morphologically close to Nereis zonata Malmgren, 1867,
with similar proportions between the antennae in relation to the palps and very short tentacular
cirri. However, some differences in the parapodial structure were found and the pharynx has
different paragnath patterns. Based on photos deposited in BOLD (Zhou et al. 2010), MOTUs 12-
13 also showed high resemblance with specimens identified as Nereis heterocirrata Treadwell,
1931, grouping very closely in the phylogenetic tree as well (Fig. 1A). The most noticeable feature
of the latter species is represented by the two dorsal tentacular cirri extending about to the end
of the palp, while the posterior ventral one is considerably shorter (Treadwell 1931), which is also
observed in our specimens (Fig. 13). This species is only reported in Southeast Asia and no
reports in the Atlantic were found so far (Read & Fauchald 2021b,
https://www.marinespecies.org/polychaeta/aphia.php?p=taxdetails&id=329658).

MOTU 11 (Fig. 14) has similar paragnath patterns as described in some Neanthes
species, particularly Neanthes fucata (Savigny, 1822), as seen in the drawings from Peral et al.
(2004). However, parapodia from the posterior part do not have the characteristic leaf-like dorsal
ligules found in N. fucata or in most species belonging to Neanthes. Furthermore, the presence
of homogomph falcigers (Fig. 14G), which are lacking in Neanthes, resemble Nereis species
instead, in particular Nereis zonata (see Gravina et al. 2016). The latter species may also display
a high degree of variation in the paragnath arrangements, some of which may be similar to the
ones described for Neanthes fucata (Peral et al. 2004; Gravina et al. 2016).

The outgroups from GenBank identified as N. fucata grouped with our samples identified
as Perinereis marionii (Audouin & Milne Edwards, 1833). The latter species possess a
characteristic paragnath pattern in the oral ring with a dorso-ventral continuous band composed

of multiple small paragnaths and an irregular line of larger paragnaths in the anterior margin,
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especially in area V with a large conical paragnath with triangular shape and areas VI with a small
transverse bar. Parapodia is also characterized with the presence of a very long dorsal ligule in
the posterior parapodia (Peral et al. 2004; see photo of our specimen from P. marionii in the
supplemental material Fig. S2). This result strongly suggest misidentifications in the genetic
databases for this group.

MOTUs 14 and 15 appear to share similar morphological features as MOTU 12,
especially regarding the tentacular cirri, being very small and all similar in size. However, since
the few available specimens lacked proper structural integrity, no further conclusions could be

taken.

Taxonomic section

Platynereis Kinberg, 1865

Diagnosis (emended from Bakken and Wilson 2005)

Prostomium cordiform with entire anterior margin, two pairs of eyes in trapezoid
arrangement, one pair of antennae, one pair of palps, four pairs of tentacular cirri with distinct
cirrophores. One apodous anterior segment, usually larger in length than chaetiger 1. Pharynx
maxillary and oral rings with rod-like paragnaths arranged in tight rows: Areas | and V — absent;
Il — absent or present in small groups; I, IV and VI — present; VIl and VIII — present, arranged in
isolated patches or in one or more irregular lines forming a continuous band. Jaws with dentate
cutting edge. Parapodia with dorsal ligule prechaetal notopodial lobe, median ligule, and ventral
ligule on anterior chaetigers. Neuropodial postchaetal lobe absent. Dorsal cirrus simple, lacking
basal cirrophore. Ventral cirri single. Notoaciculae absent from segments 1 and 2. Notochaetae:
homogomph spinigers, homogomph falcigers may be present. Neurochaeta, dorsal fascicle:
homogomph spinigers, heterogomph falcigers; ventral fascicle: heterogomph spinigers,

heterogomph falcigers.

Remarks

Platynereis was originally described and has been accepted as lacking paragnaths in
areas |, Il and V of the pharynx (Kinberg 1865, Bakken and Wilson 2005). However, these
structures were found to be present in pharynx-area |l of specimens belonging to P. dumerilii s.s.
and to a new species described herein. The diagnosis of the genus is therefore emended

accordingly.

Platynereis dumerilii (Audouin & Milne-Edwards, 1833)
(Figs. 9-10)

Material examined
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Neotype and hologenophore: France, La Rochelle, 1 spm, DBUA0002438.01,
46°08'47.4"N - 1°12'36.0"W, low tide, among red algae, collected by Jérdme Jourde, 18/09/2020.

GenBank (COI): upon paper acceptance.

Other material: Sweden, Tjarné, 10 spms, DBUA0002435.01-10, 58°52'27.6"N -
11°08'43.4"E, 3-5 meters, among algae, collected by Felicia Ultin and Marcos AL Teixeira,
20/12/2018; Norway, Trondheim, 1 spm, NTNU-VM-76216, 63°26'24.0"N - 10°30'14.4"E , 2
meters depth, among algae, collected by Torkild Bakken, 04/09/2018; France, La Rochelle, 16
spms, DBUA0002438.02-17, 46°08'47.4"N - 1°12'36.0"W, low tide, among red algae, collected
by Jéréme Jourde, 18/09/2020; France, Arcachon Bay, 1 spm, DBUA0002439.01, 44°39'44.2"N
- 1°09'10.0"W, low tide, among algae, collected by Nicolas Lavesque, 18/09/2020; Portugal,
Canto Marinho, 1 spm, DBUA0002436.01, 41°44'13.2"N - 8°52'33.6"W, low tide, among algae,
collected by Marcos AL Teixeira, 20/05/2019; Spain, Calpe, 2 spms, DBUA0002434.01-02,
38°38'23.8"N - 0°03'30.0"E, low tide, among algae, collected by Pedro E Vieira, 05/08/2019; Italy,
Antignano, 2 spms, DBUA0002437.01-02, 43°29'32.0"N - 10°19'01.2"E, 3 m, among algae,
collected by Joachim Langeneck, 10/09/2019; 3 spms, DBUA0002437.04-06, 43°29'32.0"N -
10°19'01.2"E, 6 m, among Posidonia oceanica rhizomes, collected by Joachim Langeneck,
20/09/2019; 1 spms DBUA0002437.03, 43°29'32.0"N - 10°19'01.2"E, 3 m, among algae, collected
by Joachim Langeneck, 27/06/2019; Italy, Ardenza, 5 spms, DBUA0002437.07-11, 43°30'43.3"N
- 10°18'52.3"E, 2 m, gravel with Posidonia oceanica debris, collected by Joachim Langeneck,
18/09/2019; Italy, Vada, 4 spms, DBUA0002437.12-15, 43°18'39.8"N - 10°25'54.6"E, 10 m,
among algae, collected by Joachim Langeneck, 26/10/2019; Italy, Elba island, 3 spms,
DBUA0002437.16-18, 42°48'41.1"N - 10°19'23.7"E, 3 m, among algae, collected by Joachim
Langeneck, 15/01/2020; Italy, Montecristo island, 7 spms, DBUA0002437.19-25, 42°20'05.9"N
- 10°17'22.3"E, low tide, among algae, collected by Joachim Langeneck, 05/09/2020; Italy,
Taranto, 1 spm, DBUA0002437.26, 40°27'59.0"N - 17°14'20.0"E, 12 m depth, on mud with shell
fragments, collected by Joachim Langeneck, 20/03/2019; Italy, Trieste, 1 spm,
DBUA0002437.27, 45°38'51.6"N - 13°45'32.9"E, low tide, among algae, collected by Joachim
Langeneck, 19/02/2020; Greece, Mazoma, 2 spm, MTPD200-20, MTPD201-20, 39°03'21.3"N -
20°50'00.5"E, low tide, among algae, collected by Katerina Vasileidou, 01/01/2017; Greece,
Crete, 1 spm, DBUA0002437.27, 35°09'57.6"N - 24°25'17.0"E, 5-10 meters, among algae,
collected by Giorgios Pace, 14/03/2020.

Description

Small-sized worms (1.5-26 mm long, 30-80 segments), tapering posteriorly. Neotype
complete, 26 mm for 76 chaetigers, high pigmentation density. Preserved specimens yellowish-
brown, with small pigmentation dots covering most of the anterior region and the prostomium area
adjacent to the eyes (Fig. 9A, Fig. 10A). The apodous anterior segment is similar in size to the
first chaetigers and lacks a well-defined ring-like dot pattern. Prostomium cordiform, with two pairs

of eyes in trapezoid arrangement. Antennae and palps similar in length (Fig. 9A). Palps consisting
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of a palpophore and ovalshaped palpostyle. Four pairs of tentacular cirri usually longer than
body’s width, with the longer postero-dorsal cirri reaching chaetiger 9-12 (Fig. 9A), rarely to
chaetiger 15. Pharynx maxillary and oral rings (Fig. 9A-B) with rod-like paragnaths arranged in
tight rows: Area | and V — absent, Il - forming double parallel rows, Ill - forming a group of short
rows, IV - forming several long rows in pyramidal arrangement, VI - forming double parallel rows,
VII-VIIl — arranged in double parallel short rows forming a continuous band. Jaws are finely
toothed until a short distance from the tip, usually with 5 or 6 teeth. Anterior parapodia (Fig. 9C)
with rounded to triangular ligules much shorter than in mid-body parapodia (Fig. 9D). Dorsal
notopodial ligule triangular from mid-body chaetigers, median notopodial ligule digitiform, equal
in length as dorsal ligule (Fig. 9D). Neuroacicular ligule short rounded in anterior chaetigers,
triangular and slightly shorter than ventral ligule from mid-body chaetigers. Dorsal cirri three times
longer than the parapodial dorsal ligule. Ventral cirri much shorter than ventral ligule (Fig. 9C-D).
Notochaetae: homogomph spinigers, serrations present in about % length of blades; homogomph
falcigers, short blades incurved with a terminal tendon, serrated % length of blade (Fig. 10E).
Neurochaeta, dorsal fascicle: homogomph spinigers, serrations present in about % length of
blades (Fig. 10B), heterogomph falcigers short blades incurved with a terminal tendon, serrated
% length of blade (Fig. 10C); ventral fascicle: heterogomph spinigers, serrations present in about
¥ length of blades (Fig. 10D).

Molecular data

COl, 16S and 28SD2 sequences as in specimens DBUA0002434.01-02,
DBUA0002435.01-10, NTNU-VM-76216, DBUA0002436.01, DBUA0002438.01-17,
DBUA0002439.01, DBUA0002437.01-25, DBUA0002437.26, DBUA0002440.01,
DBUA0002437.27, MTPD200-20 and MTPD201-20 (Table S2). Phylogenetic relationship within
the Platynereis dumerilii pseudo cryptic complex as in Fig. 1A, belonging to MOTU 4, with high
support values and low intraspecific (<3%) genetic divergence for both the mitochondrial and
nuclear markers. Interspecific COl mean distances to the closest and distant neighbour are 8.2%
(K2P, MOTU 5) and 21.8% (K2P, MOTU 10) respectively. DOI for the species’ neotype Barcode

Index Number (BIN): upon paper acceptance.

Distribution and habitat:
NE Atlantic, from Scandinavia to Mediterranean Sea, among green or red algae and

gravel with Posidonia oceanica rhizomes, in subtidal or intertidal areas.
Reproduction:

It is a gonochoric species, with a single reproductive event in life (semelparous)
transforming into a pelagic epitokous form (heteronereis) and a larval stage with planktotrophic

development (Wéage et al. 2017).

Remarks:
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The holotype of P. dumerili could not be found, thus preventing an effective
morphological or molecular comparison. The National Museum of Natural History (France), which
is home for major polychaete collections described by French authors, lack the type specimens
for this species. However, all the specimens collected in the type locality, presenting
morphological characteristics that fit the overall original description by Audouin & Milne-Edwards
(1833), grouped in a single MOTU (Fig. 1A, MOTU 4). Minor differences concern the pigmentation
pattern and pharynx jaws compared to the original description. The holotype was reported as
being yellowish with some brown spots at the basis of parapodia, although it is not clear whether
it refers to live or preserved organisms. Instead, the preserved specimens studied herein were
yellowish with brown pigmentation covering most of the anterior region. The pharynx and jaws
are incompletely described by Audouin & Milne-Edwards (1833), but from the original illustrations
(PL XIIl, fig. 12), jaws seem to have 11 teeth far surpassing the 5-6 observed in the topotypes
examined herein. Furthermore, the original description presents some morphological
discrepancies compared to all other Platynereis species. The posterior parapodia are described
as having an overgrown neuracicular ligule and a clear separation between the notopodium and
neuropodium, suggesting that the specimens studied by those authors could be developing into
a heteronereis stage. The presence of paragnaths in Area Il of the pharynx also distinguishes P.
dumerilii from the remaining Platynereis species described up to date. Given the apparent loss of
the holotype, and to provide taxonomic stability, a neotype was selected from among the
specimens collected in the type locality.

For a Platynereis review in the use of the species as a model system for genetics,
regeneration, reproduction biology, development, evolution, chronobiology, neurobiology,
ecology, ecotoxicology, and most recently also for connectomics and single-cell genomics, see
Ozpolat et al. (2021).

Platynereis jourdei Teixeira, Ravara, Langeneck and Bakken sp. nov.
(Figs. 3-4)
urn:lsid:zoobank.org:act: upon paper acceptance

Material examined

Type material. Spain, Calpe, 1 spm, DBUA0002431.02, 38°38'23.8"N - 0°03'30.0"E, low
tide, among algae, 05/08/2019, GenBank (COIl): upon paper acceptance; 8 spms, paratypes and
paragenophores, DBUA0002431.01, DBUA0002431.03-09 38°38'23.8"N - 0°03'30.0"E, low tide,
among algae, collected by Pedro E Vieira, 05/08/2019.

Other material. Italy, Pianosa island: 5 spms, DBUA0002432.16-20, 42°34'59.8"N -
10°05'56.0"E, low tide, among algae, collected by Joachim Langeneck, 22/09/2020; Italy,
Calafuria, 1 spm, DBUA0002432.01, 38°29'52.8"N - 8°50'16.8"W, low tide, among algae,
collected by Joachim Langeneck, 11/01/2019; Italy, Antignano, 1 spm, DBUA0002432.02,
43°29'32.0"N - 10°19'01.2"E, 6 m in depth, among Posidonia oceanica rhizomes, collected by
Joachim Langeneck, 20/09/2019; 4 spms, DBUA0002432.03-06, 43°29'32.0"N - 10°19'01.2"E, 3
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m depth, among algae, collected by Joachim Langeneck, 10/09/2019; 3 spms, DBUA0002432.07-
09, 43°29'32.0"N - 10°19'01.2"E, 3 m depth, among algae, collected by Joachim Langeneck,
27/06/2019; Italy, Montecristo island, 6 spms, DBUA0002432.10-15, 42°20'05.9"N -
10°17'22.3"E, low tide, among algae, collected by Joachim Langeneck, 05/09/2020; France,
Banyuls, 1 spm, DBUA0002433.01, 42°28'53.9"N - 3°08'00.3"E, low tide, among red algae,
collected by Felicia Ultin, 20/09/2020.

Description.

Small-sized worms (1.5-28 mm long, 30-71 segments), tapering posteriorly. Holotype
complete, 26 mm long for 71 chaetigers, very low pigmentation density. Preserved specimens
yellowish-brown, with fainted scattered pigmentation dots covering most of the anterior region
varying in density (when visible) and the prostomium area adjacent to the eyes (Fig. 3A, Fig. 4A).
The apodous anterior segment lacks a well-defined ring-like dot pattern, but this pattern may
appear after the first few segments, varying in terms of pigment density (Fig. 3E, Fig. 4B).
Prostomium cordiform, with two pairs of eyes in trapezoid arrangement. Antennae and palps
similar in length. Palps consisting of a palpophore and ovalshaped palpostyles. Four pairs of
tentacular cirri usually longer than the body width, with the longer postero-dorsal cirri reaching up
to chaetiger 9-12 (Fig. 3A). Pharynx maxillary and oral rings with rod-like paragnaths arranged in
tight rows (Figs. 3A-B): Area | and V — absent, Il - forming double parallel rows, Il - forming a
group of short rows, 1V - forming several long rows in pyramidal arrangement, VI - forming double
parallel rows, VII-VIIl — arranged in double parallel short rows forming a continuous band. Jaws
are finely toothed until a short distance from the tip, usually with five teeth. Anterior parapodia
with rounded to triangular ligules (Fig. 3C) slightly shorter than in mid-body parapodia, notopodial
ligules equal in length from mid-body chaetigers (Fig. 3D). Neuroacicular ligule short digitiform,
longer than a round ventral ligule in anterior chaetigers, triangular and equal in length as a
digitiform ventral ligule from mid-body chaetigers (Fig. 3C-D). Dorsal cirri three times the length
of parapodial dorsal ligule. Ventral cirri slightly shorter than ventral ligule (Fig. 3C-D).
Notochaetae: homogomph spinigers, serrated almost to the end of blade (Fig. 4C).
Neurochaetae, dorsal fascicle: homogomph serrated spinigers, heterogomph falcigers, incurved
with a distinct terminal tendon, serrated '3 length of blade (Fig. 4E); ventral fascicles:
heterogomph serrated spinigers, heterogomph falcigers incurved with a terminal tendon, serrated
% length of blade (Fig. 4D).

Molecular data

COl, 16S and 28SD2 sequences as in specimens DBUA0002431.01-09,
DBUA0002432.01-20 and DBUA0002433.01 (Table S2). Phylogenetic relationship within the
Platynereis dumerilii pseudo cryptic complex as in Fig. 1A, belonging to MOTU 6, with high
support values and low intraspecific (<3%) genetic divergence for both the mitochondrial and

nuclear markers. Interspecific COl mean distances to the closest and distant neighbour are 18.5%
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(K2P, P. dumerilii s.s.) and 25.2% (K2P, MOTU 1) respectively. DOI for the species’ holotype

Barcode Index Number (BIN): upon paper acceptance.

Etymology:
The species is named after Jérédme Jourde for his sampling efforts and kindness in

providing Platynereis specimens from the type locality on the behalf of the authors of this paper.

Distribution and habitat:
Western Mediterranean Sea, in subtidal or low tide among algae and Posidonia oceanica

rhizomes. Also present in CO2 vents (WAage et al. 2017).

Reproduction:
It is a gonochoric species, with a single reproductive event in life (semelparous)
transforming into a pelagic epitokous form (heteronereis) and a larval stage with planktotrophic

development (Wéage et al. 2017).

Remarks:

Platynereis jourdei sp. nov. is morphologically very similar and genetically close to P.
dumerilii s.s, with both species grouping close together within clade A2 of the phylogenetic tree
(Fig. 1A). The two species are barely distinguishable by body pigmentation of live specimens and
slightly different parapodia morphology. Platynereis jourdei sp. nov. usually presents lower
pigmentation density and some specimens may have ring-like pigment dot pattern in the anterior
region (excluding the first few segments) and parapodia from mid-body segments has shorter
triangular ligules. Despite the morphological and phylogenetic proximity of the two species, the
molecular interspecific difference between them (18.5%, COIl K2P) justifies the erection of the
new species.

Platynereis jourdei sp. nov. and P. dumerilii s.s. are often sympatric in the western

Mediterranean Sea, thus requiring some caution in their identification.

Platynereis macaronensis Teixeira, Ravara, Langeneck and Bakken sp. nov.
(Figs. 5-6)
urn:lsid:zoobank.org:act: upon paper acceptance

Material examined

Type material. Spain - Canary islands, Tenerife: 1 spm, holotype and hologenophore
DBUA0002429.03, 28°25'53.3"N - 16°32'57.2"W, low tide, among red algae, collected by Marcos
AL Teixeira, 10/04/2019, GenBank (COIl): upon paper acceptance; 2 spms, paratypes and
paragenophores DBUA0002429.01-02, 28°25'53.3"N - 16°32'57.2"W, low tide, rocky beach
among red algae, 10/04/2019.
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Other material. Spain - Canary islands, Tenerife, 3 spms, DBUA0002429.04-06,
28°34'17.1"N - 16°20'01.1"W, low tide, rocky beaches among algae, collected by Marcos AL
Teixeira, 05/04/2019; Spain - Canary islands, Lanzarote, 5 spms, DBUA0002429.07-11, low
tide, rocky beaches among algae, 29°13'05.3"N - 13°26'30.4"W, collected by Marcos AL Teixeira,
04/04/2019; Spain - Canary islands, Gran Canaria, 11 spms, DBUA0002429.12-22, low tide,
rocky beaches among algae, collected by Marcos AL Teixeira, 27°59'06.5"N - 15°22'33.0"W,
06/04/2019; Spain - Canary islands, La Palma, 5 spms, DBUA0002429.23-27, low tide, rocky
beaches among algae, 28°48'19.8"N - 17°45'41.6"W, collected by Marcos AL Teixeira,
09/04/2019; Spain - Canary islands, Fuerteventura, 5 spms, DBUA0002429.28-32, low tide,
rocky beaches among algae, 28°03'59.7"N - 14°30'24.9"W, collected by Marcos AL Teixeira,
02/04/2019; Spain - Canary islands, El Hierro, 1 spm, DBUA0002430.01, low tide, rocky
beaches among algae, 27°47'05.1"N - 18°00'41.7"W, collected by Pedro E Vieira, 2014;
Morocco, Mazagan, 2 spms, DBUA0002430.02-03, low tide, rocky beaches among algae,
33°15'50.5"N - 8°30'38.6"W, collected by Pedro E Vieira, 2014; Portugal, Madeira, 4 spms,
DBUA0002428.07-10, 32°38'46.0"N - 16°49'27.0"W, low tide, rocky beaches among algae,
collected by Pedro E Vieira, 2011; Portugal — Azores, Terceira island, 3 spms,
DBUA0002428.04-06, 38°40'60.0"N - 27°03'27.1"W, low tide, rocky beaches among algae,
collected by Pedro E Vieira, 2015; Portugal - Azores, Santa Maria island, 3 spms,
DBUA0002428.01-03, 36°56'59.7"N - 25°05'42.0"W, low tide, rocky beaches among algae,
collected by Pedro E Vieira, 2014.

Description.

Small-sized worms (5-18 mm long, 49 segments), tapering posteriorly. Holotype lacking
posterior end of the worm, 15 mm long for 44 chaetigers. Preserved specimens yellowish-red or
yellowish-brown, with a well-defined ring-like pigmentation pattern on the apodous segment and
semi ring-like pattern in other anterior segments (Fig. 5A, Fig. 6A). Pigmentation may not be
visible in some preserved specimens and may also be present in a prostomium area adjacent to
the eyes. Prostomium cordiform, with two pairs of eyes in trapezoid arrangement. Antennae and
palps similar in length. Palps consisting of a palpophore and ovalshaped palpostyles. Four pairs
of tentacular cirri usually as long as body width, with the longer postero-dorsal cirri reaching up
to chaetiger 6-8 (Fig. 5A). Pharynx maxillary and oral rings with rod-like paragnaths arranged in
tight rows (Fig. 5A-B): Areas |, Il and V - absent. Il - forming a group of short rows, IV - forming
several long rows in pyramidal arrangement. VI - forming a group of three transverse rows, VII-
VIl - arranged in single rows forming a continuous band. Jaws are finely toothed until a short
distance from the tip, usually with 7-8 teeth. Notopodial ligule digitiform in anterior parapodia,
median ligule rounded, similar in length (Fig. 5C). Mid-body parapodia similar in length, dorsal
ligule slightly triangular, median ligule digitiform (Fig. 5D). Neuroacicular ligule triangular, longer
than ventral digitiform ligule in anterior chaetiger, shorter than ventral ligule from mid-body
chaetigers. Dorsal cirrus more than twice the length of the dorsal ligule and ventral cirrus about

the same length or slightly shorter than ventral ligule (Fig. 5C-D). Notochaetae: homogomph
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spinigers, serrated % length of blade (Fig. 6B). Neurochaeta, dorsal fascicle: homogomph
spinigers, heterogomph falcigers short blades incurved with a small terminal tendon, serrated %
length of blade (Fig. 6C); ventral fascicle: heterogomph spinigers, heterogomph falcigers short
blades incurved with a distinct terminal tendon, serrated 1/3 length of blade (Fig. 6D). Spiniger
chaetae lightly serrated (Fig. 6B).

Molecular data

COIl, 16S and 28SD2 sequences as in specimens DBUA0002428.01-10,
DBUA0002429.01-32 and DBUA0002430.01-03 (Table S2). Phylogenetic relationship within the
Platynereis dumerilii pseudo cryptic complex as in Fig. 1A, belonging to MOTU 7, with high
support values and low intraspecific (<3%) genetic divergence for both the mitochondrial and
nuclear markers. Interspecific COl mean distances to the closest and distant neighbour are 13.5%
(K2P, MOTU 8) and 24% (K2P, P. jourdei sp. nov.) respectively. DOI for the species’ holotype

Barcode Index Number (BIN): upon paper acceptance.

Etymology:

The species is named after the regional area (Macaronesia) it is restricted within.

Distribution and habitat:

Macaronesia islands (Madeira, Azores and Canary islands); it occurs in the western coast
of Morocco as well, in intertidal rocky beaches among green and red algae. It seems it is not
present in the island of Porto Santo (Madeira), being instead replaced by MOTU 8 (Fig. 1A-B),

although a greater sampling effort in Porto Santo is needed to confirm this.

Remarks:

Platynereis macaronensis sp. nov. can be easily distinguished from P. dumerilii s.s. by
the lower number of segments (almost half the number of segments for worms of similar size),
the shorter tentacular cirri (reaching chaetiger 8, instead of chaetiger 12), the higher number of
jaw teeth (with the presence of two or three more teeth) and the distinct paragnath arrangement
and pigmentation pattern (see Table 4). Regarding the latter two characters, P. macaronensis sp.
nov. is closer to P. massiliensis in having a ring-like pigmentation pattern and a similar paragnath
arrangement. However, these two species differ in the blades of the spinigerous chaetae, which
in P. massiliensis are coarsely serrated, while in P. macaronensis sp. nov. the blades are
narrower and the spinulation is lighter. Genetic distances (mean 15.5% COIl K2P) and distinct
geographic distribution also distinguished these two species. Additionally, some pigmentation
details in the anterior segments are distinct from P. massiliensis, with the presence of semi ring-
like dot patterns.

Unlike most other species from the complex, that are widely distributed along the Atlantic
and Mediterranean coast of Europe, P. macaronensis sp. nov. is unique to the Macaronesia

islands and western coast of Morocco. No reproductive studies were done for this species, but
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given the genetic proximity to the nearest neighbour (MOTU 9 — P. cf. massiliensis), it is probable

it shares the same hermaphrodite features, egg brooding and lecithotrophic larval stages.

Platynereis cf. massiliensis (Moquin-Tandon, 1869)
(Figs. 11-12)

Material examined

Portugal, Canto Marinho, 14 spms, DBUA0002424.01-03, DBUA0002425.01-11,
41°44'13.2"N - 8°52'33.6"W, low tide, among algae, collected by Marcos AL Teixeira, 20/05/2019.
Morocco, Mazagan, 1 spm, DBUA0002426.01, low tide, rocky beaches among algae,
33°15'50.5"N, 8°30'38.6"W, collected by Pedro E Vieira, 2014; Italy, Livorno, 3 spms,
DBUA0002427.01-03, 43°32'45.6"N - 10°18'07.2"E, marina, pontoon scrapings among algae,
23/10/2019.

Description.

Small-sized worms (3.5-26 mm long, 35-45 segments), tapering posteriorly. Preserved
specimens yellowish-brown, with a ring-like pigmentation pattern in most of the anterior segments
(Fig. 11A, Fig. 12A), or a high amount of dots scattered throughout the body, varying in dot size
and density except on the apodous segment (Fig. 11E, F). Pigmentation may also be present in
prostomium, adjacent to the eyes. Prostomium cordiform, with two pairs of eyes in trapezoid
arrangement. Antennae and palps similar in length. Palps consisting of a palpophore and
ovalshaped palpostyles. Four pairs of tentacular cirri usually as long as body width, with the longer
postero-dorsal cirri reaching up to chaetiger 6-8 (Fig. 11A). Pharynx maxillary and oral rings with
rod-like paragnaths arranged in tight rows (Fig. 11A-B): Areas |, Il and V - absent. Il - forming a
group of short rows, IV - forming several long rows in pyramidal arrangement. VI - forming a group
of three transverse rows, VII-VIII - arranged in single rows forming a continuous band. Jaws are
finely toothed until a short distance from the tip, usually with 7 teeth. Anterior dorsal parapodial
ligules (Fig. 11C) digitiform slightly longer than median triangular ligule, neuropodial acicular ligule
triangular, as long as a rounded ventral ligule. In mid-body chaetigers dorsal notopodial ligule
slightly longer than median digitiform ligule, neuropodial acicular ligule round shorter than
lanceolate ventral ligule (Fig. 11D). Dorsal cirrus more than twice the length of the dorsal ligule
and ventral cirrus about the same size or slightly shorter than ventral ligule (Fig. 11C-D).
Notochaetae: homogomph spinigers with coarsely serrated blades (Fig. 12B). Neurochaeta,
dorsal fascicle: homogomph spinigers (Fig. 12C), heterogomph falcigers with short blades
incurved with a distinct terminal tendon, serrated ¥z length of blade (Fig. 12D); ventral fascicle:
heterogomph spinigers (Fig. 12C), heterogomph falcigers short blades incurved with a distinct

terminal tendon, serrated % length of blade (Fig. 12E).

Molecular data
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COIl, 16S and 28SD2 sequences as in specimens DBUA0002424.01-03;
DBUA0002425.01-11, DBUA0002426.01 and DBUA0002427.01-03 (Table S2). Phylogenetic
relationship within the Platynereis dumerilii pseudo cryptic complex as in Fig. 1A, belonging to
MOTU 9, with high support values and low intraspecific (<3%) genetic divergence for both the
mitochondrial and nuclear markers. Interspecific COl mean distances to the closest and distant
neighbour are 5% (K2P, MOTU 10) and 24% (K2P, MOTU 5) respectively. DOI for the species’

Barcode Index Number (BIN): upon paper acceptance.

Distribution and habitat:

NE Atlantic to the Western Mediterranean Sea, from Portugal and Morocco to western
Italy. Found in rocky beaches among algae in intertidal or subtidal habitats, including CO2 vents
(Wage et al. 2017).

Reproduction:

Reproduction without epitokous transformation; it is a protandrous hermaphrodite,
characterized by egg brooding and lecithotrophic larval stages with a semi-direct development
(Schneider et al. 1992, Wage et al. 2017). In the original description by Moquin-Tandon (1869), it

was described as simultaneous hermaphrodite, instead.

Remarks:

The original description by Moquin-Tandon is very poor (type locality: Marseille, France),
and the identification of specimens as P. massiliensis is mostly tentative. Wage et al. (2017)
genetically pinpointed two lineages sharing the same reproductive features as P. massiliensis
(egg brooders), mainly present in acidic waters. Despite the lack of the type material, the
congruence of their developmental observations with other studies (Hauenschild, 1951,
Schneider et al. 1992; Helm et al. 2015) suggests that their Platynereis population from Ischia
represents P. massiliensis (MOTU 9 in our study, Fig. 1). The Vulcano population (egg brooder),
grouped in our MOTU 1 (Fig. 1), which also have sequences from Banyuls. However, this MOTU
1 is closer to the original type locality reported for P. massiliensis (Marseille, France). Further
sampling and reproductive studies in the topotypic material is needed to confirm if our lineage
actually corresponds to specimens found in Marseille.

In our study, the MOTU attributed to Platynereis massiliensis differs from P. dumerilii s.s.
mainly in having much shorter dorsal tentacular cirri, different paragnath arrangement with
absence of paragnaths on area Il, coarsely serrated chaetae, and different pigmentation in some
of its specimens. Additionally, high molecular distances (mean 21.6% COI K2P) and different
reproductive strategies and life history distinguishes this species from P. dumerilii s.s. (Wéage et
al. 2017).

This species possesses diverse pigmentation patterns, one of which is very distinct and
apparently unique to the population from Porto di Livorno (Italy). This pigmentation pattern has a

high amount of dots scattered throughout the body and is characterized by the larger dot size
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(almost circular-like) when compared to the NE Atlantic populations. An independent COI clade
with 3.3% K2P mean distances distinguishes the Livorno variant against the NE Atlantic
populations, however without enough divergence to be separated by any of the applied MOTU

delineation methods (Fig. 1).

Platynereis agilis (Keferstein, 1862) comb. nov.
(Figs. 7-8)

Material examined

Spain, Calpe, 5 spms, DBUA0002421.01-05, 38°38'23.8"N, 0°03'30.0"E, low tide, among
algae, collected by Pedro E Vieira, 05/08/2019; Portugal, Arrabida Natural Park (Lisbon), 15
spms, (waiting voucher assignment for the specimens from the Portuguese National Museum of
Science and Natural History), 38°26'13.1"N, 9°03'47.3"W, 9 m. in depth, among algae, kindly
provided by the National Museum of Science and Natural History (Portugal), 22/09/2014; France,
Morlaix Bay, 2 spms, DBUA0002422.01, MTPD191-20, 48°43'48.0"N, 3°59'09.6"W, low tide,
among algae, collected by Celine Houbin, 17/09/2020; Great Britain, Plymouth, 1 spm,
DBUA0002423.01, 50°21'35.4"N, 4°09'01.8"W, low tide, among algae, collected by Felicia Ultin,
27/03/2017.

Description (based on the original description of Nereis agilis Keferstein, 1862, emended).

Small-sized worms (5-20 mm long, 45-50 segments), tapering posteriorly. Preserved
specimens yellowish, with no pigmentation (Fig. 7A, Fig. 8A). Prostomium cordiform, with two
pairs of eyes in trapezoid arrangement. Antennae and palps similar in length. Palps consisting of
a palpophore and ovalshaped palpostyles. Four pairs of tentacular cirri at least as long as body
width, with the longer postero-dorsal cirri reaching up to chaetiger 10-15 (Fig.7A). Pharynx
maxillary and oral rings with rod-like paragnaths arranged in tight rows (Fig. 7A-B): Areas |, Il and
V - absent. Ill - forming a group of short rows, IV - forming several long rows in pyramidal
arrangement. VI - forming a group of three transverse rows, VII-VIII - arranged in single rows
forming a continuous band. Jaws are finely toothed until a short distance from the tip, usually with
7-8 teeth. Dorsal notopodial ligule in anterior parapodia digitiform to triangular as long as median
triangular ligule (Fig. 7C), from mid-body parapodia dorsal ligule triangular similar in length as
median ligules (Fig. 7D). Neuroacicular ligule large triangular longer than ventral ligule in anterior
parapodia, triangular and shorter than ventral ligule from mid-body parapodia. Dorsal cirrus three
times longer than dorsal ligule (Fig. 7C-D). Ventral cirrus about the same size or slightly shorter
than ventral ligule (Fig. 7C-D).

Notochaetae: homogomph spinigers with coarsely serrated ¥ length of blade (Fig. 8B).
Neurochaeta, dorsal fascicle: homogomph spinigers serrated, heterogomph falcigers with distinct
tendon, serrated 4 of the blade (Fig. 8D); ventral fascicle: heterogomph spinigers, heterogomph

falcigers with tendon, serrated % length of the blade (Fig. 8C).
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Molecular data

COl, 16S and 28SD2 sequences as in specimens (waiting voucher assignment for the
specimens from the Portuguese National Museum of Science and Natural History),
DBUA0002421.01-05, DBUA0002422.01, MTPD191-20 and DBUA0002423.01 (Table S2).
Phylogenetic relationship within the Platynereis dumerilii pseudo cryptic complex as in Fig. 1A,
belonging to MOTU 10, with high support values and low intraspecific (<3%) genetic divergence
for both the mitochondrial and nuclear markers. Interspecific COl mean distances to the closest
and distant neighbour are 5% (K2P, P. cf. massiliensis) and 24.2% (K2P, MOTU 5) respectively.
DOl for the species’ Barcode Index Number (BIN): upon paper acceptance.

Distribution and habitat:
NE Atlantic to the Western Mediterranean Sea, from Great Britain to Mediterranean

Spain. Found in rocky beaches among algae in intertidal or subtidal habitats.

Reproduction:

The claim by Keferstein (1862) of hermaphroditism has not been confirmed by recent
studies, but given the genetic proximity for this species to the nearest neighbour (MOTU 9, P. cf.
massiliensis), it is possible it shares the same hermaphrodite features, egg brooding and

lecithotrophic larval stages (Wéage et al. 2017).

Remarks:

Platynereis agilis, originally described as Nereis agilis (Keferstein 1862) from St. Vaast
(North France) and until now considered as a junior synonym of P. dumerilii, is clearly part of the
P. dumerilii species complex, given its similar morphology and the genetic proximity to the other
species of the complex (Fig. 1, Table 4). However, visible differences can easily be found against
P. dumerilii s.s. with almost half the segments in worms of similar size, distinct paragnath
arrangement, no pigmentation (although this is not always a reliable character due to fixation in
ethanol), anterior parapodia with longer triangular ligules and spinigerous chaetae with coarsely
serrated blades. All these differences, along with the genetic distances (mean 21.8% COI K2P),
justify the removal from synonymy and re-establishment of the species. Platynereis agilis shares
a similar paragnath arrangement and the coarsely serrated chaetae with the species P. cf.
massiliensis, but greatly differs from the latter due to lack of pigmentation and regarding the longer
size of the postero-dorsal cirri, reaching up to chaetiger 15, instead of chaetiger 8. Despite the
low genetic COIl distance (mean 5% K2P) compared to P. cf. massiliensis, the distinct

morphological differences justify the resurrection of this species.

Discussion

Some species within the family Nereididae have morphological features with very small

variations which can often lead to misidentifications (Bakken and Wilson 2005). This is especially
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true when comparing small specimens belonging to different species where one is significantly
more abundant than the other. The variation found in the rarer and lesser known species, e.g. the
size of the tentacular cirri, might be attributed to damage from the sampling techniques or
juveniles and the pharynx might not be everted as well, which can lead to wrong taxonomic
conclusions. This was the case in our samples between the clades A and B, where molecular
data and a more careful morphological analysis found considerable differences between the two.
However, it is still possible to find P. dumerilii assigned to MOTU 11 (GenBank: KC591811.1) in
the genetic databases, and our earlier first-pass assessment of some specimens from clade B
led to incorrect identifications as well (Teixeira et al. 2021). Maximum genetic distances between
these two major clades were very high (see Table 1), especially in the 28SD2 locus where values
rose to 36.9%, as opposed to the 3.9% found between MOTUs in clade A. Other annelid studies
about cryptic complexes also reported similarly low 28S distances among neighbouring MOTUs
(Teixeira et al. 2020; Sampieri et al. 2021). This nuclear locus is known for its poor utility in
species-level discrimination in many groups of animals (Jorger et al. 2012), but it is very efficient
for reconstructing deeper phylogenies (Weitschek et al. 2014). The higher values between major
clades A and B might signal that species present in clade B do not belong to a complex of closely
related species, representing instead very distinct species with a distant ancestor from P.
dumerilii. This is also supported by the morphological data where it’s clear that MOTUs 11, 12
and 13 belong to another genus, probably Nereis. Based on this preliminary data it is clear that
either entirely new unreported species, or new pseudo cryptic lineages belonging to an existing
group, were found, but a larger sampling effort and further morphological examination is needed
to confirm this.

Regarding the major clade A, the combined molecular data from three different loci
provided compelling evidence for the existence of at least 10 deeply divergent and completely
sorted lineages within the P. dumerilii complex in Europe. These deep genetic distances are a
strong indication of long term isolation, thereby the lineages involved can qualify for recognition
as separate species (Bickford et al. 2007; Churchill et al. 2014; Deli¢ et al. 2017). Complementing
the molecular data, some morphological variations within the most abundant MOTUs (4, 6, 7, 9,
10) were found as well (Table 4). The genetic COI distances recorded in this clade (mean 19.8%,
K2P) fit within the range reported for congeneric distances in comprehensive studies of COI
variation targeting polychaetes. For example, mean COI distances (K2P) of 16.5%, 24.0% and
22% were found in the regional polychaete fauna of the Arctic (Carr et al. 2011), north-eastern
Atlantic (Lobo et al. 2016) or between cryptic populations of Eurythoe complanata (Pallas, 1766)
from eastern Pacific (Panama) and Atlantic samples (Barroso et al. 2010), respectively. The only
exception to this are MOTUs 5 and 10 where the COI distances to the nearest neighbours
(MOTUs 4 and 9) were much lower, namely 8.6% and 6.4% respectively, which is still a fair
genetic distance and much higher than the usual intraspecific variation found in Nereidids (Glasby
2005; Paiva et al. 2019).

Untangling the Platynereis complex
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The original description for P. massiliensis is quite incomplete and does not include any
reliable morphological character or figures (Moquin-Tandon, 1869). Instead, only the main
reproductive features were highlighted to distinguish this species from P. dumerilii, suggesting
that the two species are morphologically identical when analysing the respective specimens.
Based on Wage et al. (2017), it was possible to genetically pinpoint two lineages sharing the
same reproductive features as P. massiliensis (egg brooders), mainly present in acidic waters
and two other clades matching P. dumerilii (heteronereis stage), mostly living in non-acidic waters.
These two P. dumerilii clades grouped in our clade A2, more specifically in MOTUs 4 and 6, with
the first one occurring in the type locality. MOTU 4 (P. dumerilii s.s.) and MOTU 6 (P. jourdei sp.
nov.) have a distinct paragnath pattern from the ones found in clade A3 (MOTUs 7, 9 and 10),
where sequences of P. massiliensis from Wéage et al. (2017) grouped with. As stated by the
previous mentioned study, despite the lack of the type material, the congruence of their
developmental observations with other studies (Hauenschild, 1951, Schneider et al. 1992; Helm
et al. 2015) suggests that their Platynereis population from Ischia represents P. massiliensis, and
group together with our sequences specifically from MOTU 9. The Vulcano population, also a
brooder, grouped in MOTU 1 (clade A1) together with our two sequences from Banyuls, but it was
not possible to observe the pharynx and confirm if similar paragnath patterns to MOTU 9 could
be identified as well.

Given that MOTU 7 (P. macaronensis sp. nov.) and MOTU 8 are endemic to the
Macaronesia islands, MOTU GB1 has been reported from South Africa, and MOTUs GB2 and
GB3 probably belonging either to MOTU 9 or MOTU 10, among the analysed material only MOTU
10, present in the Western Mediterranean, could also qualify as possible source for the originally
described P. massiliensis. MOTU 10 is genetically close to MOTU 9 (max distances of 6.4% COlI
K2P) and it’'s very likely that they share the same reproductive traits; however it shows some
visible morphological differences when compared to the latter. These differences seem to fit the
description of Nereis agilis Keferstein, 1862, described for the NE Atlantic (type locality: St. Vaast,
France) and hitherto considered as an unaccepted subjective synonym for P. dumerilii. In the
original description, the analysed specimens seem to be simultaneous hermaphrodites without
heteronereis stage, tentacular cirri and dorsal cirri are longer than the ones usually reported for
P. dumerilii and on parapodia four ligules are noticeable, although the third [starting from the
dorsal side] is very short, but no mention to the pharynx is done (Keferstein, 1862). Another
unaccepted subjective synonym described for the Gulf of Naples (ltaly), Nereis peritonealis
Claparede, 1868, describes a similar paragnath pattern as the one presented here for the clade
A3. However, even though there is no detailed data on the reproductive mode, the reported small
size of mature eggs (Claparede, 1868) would suggest that this is not a species with direct
development, i.e. not a brooder, but it might have a planktonic larvae stage (Sato and Masuda
1997). This goes in line with MOTUs 4 and 6 instead, even though paragnath patterns do not
match. An interesting note regarding the description of Nereis agilis is that ovaries and testes are
separated in two different sectors of the body (Keferstein, 1862), while in P. massiliensis they

should occur in the same segments (Moquin-Tandon, 1869). From the biological point of view,
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the latter arrangement is very surprising, as it would imply a high risk of self-fertilisation;
nonetheless, such discrepancies might depend on different interpretations of the same structures
by different scholars, and what is interpreted as a developing gonad might be a glandular structure
in other sources. This calls for a new observation on the reproductive features and a description
based on topotypic material to compare against our interpretation of P. massiliensis, and confirm
if the lineage identified in this and in other previous studies match the topotypic samples. Other
species with currently unaccepted names in European type localities are also available (Table 3)
but they are very incomplete and an unequivocal attribution to any of the MOTUSs found in clade
A seems impossible. Three additional unaccepted species historically synonymized with P.
dumerilii, i.e., Heteronereis fucicola Orsted, 1843, Nereilepas variabilis Orsted, 1843, and
Heteronereis malmgreni Claparede, 1868, were not included in this table because all refer to
epitoke forms, that at the time were believed to be different species from the atoke forms. We
cannot possibly reconstruct their morphological correspondence to atoke specimens we studied,
but we can exclude that they are synonymous with P. massiliensis-like brooders. Taxa from
Denmark described by Orsted represent different stages of the epitoke modification or different
sexes, and based on distribution of MOTUs, might correspond either to P. dumerilii s.s. (MOTU
4) or to MOTUZ2. Heteronereis malmgreni was instead described for the Gulf of Naples and it is
probably a description of the epitoke form of Nereis peritonealis, which could also be the same

as P. dumerilii s.s..

Reproduction strategies in Platynereis

The suggested reproduction modes based on genetic proximity done in this study, being
fixed at the basis of the two major retrieved clades by Wage et al. (2017), might not be correct.
Instances of reproductive plasticity were reported in other Nereididae species, e.g. the
suppression of epitoky as a probable answer to environmental pressures within the same lineage
(Prevedelliand Cassai 2001; Daas et al. 2011). However, as no genetic data complemented these
studies, this could also be a clue to unreported cryptic species as well. Several references,
pointed out in Daas et al. (2011), that stress the presence of atokous and epitokous "races" or
"forms" in Perinereis cultrifera (Grube, 1840) (e.g. Marcel, 1962; Zghal and Ben Amor, 1989;
Scaps et al. 1992; Rouhi et al. 2008), might actually be linked to the evidence of cryptic species
within this taxon, which was reported in other studies. For example, upon further examination,
Perinereis populations from North of France and Algeria have distinct alloenzymes, number of
paragnaths and number of teeth per half jaw (Scaps et al. 2000). Using a similar methodology to
the previous example, distinct populations from the Elba Island (Western Italy) were also found,
corresponding to two different habitat types between brackish waters and an adjacent marine site
(Maltagliati et al. 2001). Nevertheless, this would still question if sister lineages or other
phylogenetically close species might have, or not, completely different reproduction modes.
Without actual studies on reproductive biology complemented with genetic data, we should not
discard the possibility of different reproductive features within the Platynereis complex or even

possible reproductive plasticity within the same MOTU.
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It is speculated that the low dispersal rate in many marine brooding species with a direct
or semi-direct development without planktonic larval stage can promote genetic divergence and
help to explain the genetic isolation of populations, while the free-swimming larvae easily migrate,
resulting in higher chances of gene flow among populations (Palumbi and Baker 1994; Teske et
al. 2011). Evidence that stressful conditions (e.g. hydrothermal vents, port environments or
brackish-water habitats) are better tolerated in the survival of Platynereis populations with a
brooding strategy was noted in several studies (Lucey et al. 2015; Gambi et al. 2016; Wage et al.
2017). Being volcanic in origin, the Macaronesia islands harbour in its vicinities a large amount of
CO:2 vents characterized by the low pH waters (Viveiros et al. 2020; Gonzéalez-Delgado et al.
2021), which might favor the proliferation of brooder worms instead of free spawners. Sampling
in the CO2 vents could also provide additional Platynereis lineages yet to be explored, which could
be unique to each island, given how important the Macaronesia archipelagos seem to be in the

cryptic speciation of marine invertebrates (Desiderato et al. 2019; Vieira et al. 2019).

Conclusions

Among the 10 different Platynereis lineages from Europe uncovered with molecular data,
seven of them had particular geographical distributions, either confined to the western (MOTUs 1
and 6) or eastern (MOTU 3) Mediterranean Sea, NE Atlantic (MOTU 2), Macaronesia islands
(MOTU 7) and sometimes exclusive to a single island (MOTU 8) or limited to a few islands within
a single archipelago (MOTU 5), indicating also a high level of endemism. MOTUs 4, 9 and 10
were sympatric with at least two other lineages from the group, with MOTUs 9 and 10 revealing
geographically structured populations through their COI haplotypes. No considerable genetic
structure was found in each sampled island within MOTU 7 despite the existence of two other
lineages in this region of the Atlantic. These findings call for a better recognition of the role of both
the Macaronesian archipelagos and the Mediterranean Sea as promoters of extensive
diversification of marine invertebrates and emphasize the importance of the conservation of the
biodiversity of the intertidal rocky shore of these regions. Despite the two new species erected in
this study (P. macaronensis sp. nov. and P. jourdei sp. nov.) and further clarification regarding
the status of the P. agilis, P. dumerilii and P. massiliensis, five other lineages still remain unnamed
and in need of further sampling effort and morphological examination. In particular, MOTU 2, an
apparently rarer lineage from the NE Atlantic, that seems to be easy to find in Norway based on
sampling campaigns under the Norwegian projects (BIN: BOLD:AAC5474, BOLD Systems).
Three other unaccepted synonyms are reported for this area as well (e.g. Denmark), but
descriptions are very incomplete or referring only to epitoke forms. Topotypic specimens of P.
massiliensis and further studies on its reproductive biology are also needed to pinpoint if this
species actually corresponds to the lineage assumed in this, and in the previous studies (Wage
et al. 2017; Calosi et al. 2013; Kara et al. 2019).

Failure to recognise this hidden biodiversity may compromise the accuracy and the

interpretation of biomonitoring and ecological data for Platynereis and its use as a model species
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(Ozpolat et al. 2021). Integrative taxonomy is thus essential to solve these uncertainties and to
allow naming the involved undescribed species. Otherwise, most molecular data providing
enough support for species hypothesis will continue to be unused, and large fractions of

biodiversity will persist unnoticed.
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Table and figure captions

Table 1. Mean intra and inter-MOTU genetic distances (K2P) for the three analysed markers
(COl, 16S, 28S-D2), either only for the 10 MOTUs corresponding to the Platynereis dumerilii
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pseudo cryptic complex (Clade A, Fig. 1A), or using the additional 5 MOTUs from the
undetermined Nereidids (Clade B, Fig. 1A).

Table 2. Indices of genetic diversity estimated for each MOTU, based on COIl. Number of
sequences (n); nucleotide diversity (1), number of haplotypes (h), haplotype diversity (Hd) and
number of variables sites (S). Region abbreviations: LP, La Palma; EH, El Hierro; TE, Tenerife;
GC, Gran Canaria; FV, Fuerteventura; LA, Lanzarote; TER, Terceira; SMA, Santa Maria; SMI,
Sao Miguel; MA, Madeira; PS, Porto Santo; PTC, Portugal — Canto Marinho; PTA, Portugal —
Arrabida Natural Park; FRA, France — Arcachon Bay; FRR, France — La Rochelle; FRM, France,
Morlaix Bay; GBP, Great Britain — Plymouth; NOT, Norway - Trondheim; NOB, Norway - Bergen;
SWT, Sweden — Tjarnd; SPC, Spain — Calpe; FRB, France — Banyuls; ITT, Italy — Tuscany Area;
ITR, Italy - Trieste; ITTA, Italy — Taranto; GRA, Greece, Amvrakikos lagoon; GRC, Greece — Crete
island.

Table 3. List of currently unaccepted European synonyms of P. dumerili based on WoRMS

database, with their main distinctive morphological traits based on the original descriptions.

Table 4. Summary of the main morphological observations for the 10 different Platynereis MOTUs

analysed in this study. Species in bold correspond to the ones described in the taxonomic section.

Fig. 1. A, Phylogenetic tree reconstructed using Bayesian inference based on concatenated COI,
16S and 28S-D2 sequences, with information regarding the different MOTU delineation methods.
BINs were used only for COI. Outgroups (“OUTG” and “GB”), with the exception of Pseudonereis
palpata, only have COI sequences. Collapsed clades have less than 3.5% genetic divergence.
Only the bootstrap values over 0.85 Bl and 85 ML support are shown. Each different consensus
MOTU is represented by the respective number, with the different colors corresponding to the
respective geographic distribution. B, Geographic distribution in Europe for the 15 retrieved
MOTUs. C, Maximum likelihood amino acid (a.a.) radiation tree based on COIl sequences
belonging to MOTUs 1-10 (clade A). Region abbreviations: LP, La Palma; EH, El Hierro; TE,
Tenerife; GC, Gran Canaria; FV, Fuerteventura; LA, Lanzarote; TER, Terceira; SMA, Santa
Maria; SMI, S&do Miguel; MA, Madeira; PS, Porto Santo; PTC, Portugal — Canto Marinho; PTA,
Portugal — Arrabida Natural Park; FRA, France — Arcachon Bay; FRR, France — La Rochelle;
FRM, France, Morlaix Bay; GBP, Great Britain — Plymouth; NOT, Norway - Trondheim; NOB,
Norway - Bergen; SWT, Sweden — Tjarnd; SPC, Spain — Calpe; FRB, France — Banyuls; ITT, Italy
— Tuscany Area; ITR, Italy - Trieste; ITTA, Italy — Taranto; GRA, Greece, Amvrakikos lagoon;
GRC, Greece — Crete island.

Fig. 2. Haplotypes networks based on COI (A), 28S-D2 (B) and ITS (C) for all the 15 MOTUs

based on the original Platynereis and Nereis data and Pseudonereis palpata as outgroup. Each
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haplotype is represented by a circle and number of haplotypes are according to the displayed
scale. Colours indicate the geographic location of the haplotype. Numbers correspond to the
number of mutational steps between haplotypes. Lines without numbers means only one mutation
between haplotypes. Country abbreviations: PT, Portugal; SP, Spain; FR, France; GB, Great
Britain; NO, Norway; SW, Sweden; IT, Italy; GR, Greece; MOR, Morocco

Fig. 3. Drawing of the main morphological features in the anterior region, pigmentation and
parapodia in P. jourdei sp. nov. (MOTU 6). A, dorsal view of the anterior region with dot-like
pigmentation; prostomium and pharynx; B, ventral view of the pharynx; C, 10" parapod, posterior
view; D, 30" parapod, posterior view; E, Pigmentation absent in the apodous anterior segment

and well-defined ring-like dot pattern present after the first few segments.

Fig. 4. Dorsal view of the anterior region and chaetae types in P. jourdei sp. nov. (MOTU 6). A,
Pigmentation as seen in a preserved specimen, with high dot density scattered around the
anterior region. B, Pigmentation as seen in a preserved specimen, with a ring-like dot pattern in
the anterior segments. C, Notochaetae, chaetiger 30: homogomph spinigers lightly serrated. D,
Notochaetae, ventral fascicles: heterogomph falcigers, chaetiger 30. E, Neurochaetae, dorsal

fascicle: heterogomph falcigers (1), homogomph spinigers (2), chaetiger 30.

Fig. 5. Drawing for the main morphological features in the anterior region, pigmentation and
parapodia in P. macaronensis sp. nov. (MOTU 7). A, dorsal view of the anterior region with a well-
defined ring-like dot pigmentation in the apodous anterior segment; prostomium and pharynx. B,

ventral view of the pharynx. C, 10t parapod, posterior view. D, 30" parapod, posterior view.

Fig. 6. Dorsal view of the anterior region and chaetae types in P. macaronensis sp. nov. (MOTU
7). A, Pigmentation as seen in a preserved specimen, with presence of well-defined ring-like dot
pattern. B, Notochaetae: homogomph spinigers lightly serrated, chaetiger 10. C, Neurochaeta,
ventral fascicle: heterogomph falcigers (1), chaetiger 10. D, Neurochaeta, ventral fascicle:

heterogomph falcigers, chaetiger 30.

Fig. 7. Drawing of the main morphological features in the anterior region, pigmentation and
parapodia in P. agilis comb. nov. (MOTU 10). A, dorsal view of the anterior region with absence
of pigmentation; prostomium and pharynx. B, ventral view of the pharynx. C, 10" parapod,

posterior view. D, 28™ parapod, posterior view.

Fig. 8. Dorsal view of the anterior region and chaetae types in P. agilis comb. nov. (MOTU 10).
A, Absence of pigmentation as seen in a preserved specimen. B, Notochaetae: homogomph
spinigers with coarsely serrated blades, chaetiger 10. C, Neurochaeta, ventral fascicle:
heterogomph falcigers, chaetiger 10. D, Neurochaeta, ventral fascicle: heterogomph falcigers,

chaetiger 28.
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Fig. 9. Drawing of the main morphological features in the anterior region, pigmentation and
parapodia in P. dumerilii s.s. (MOTU 4). All terminology used is based on the references
mentioned in the Methods. A, dorsal view of the anterior region with dot-like pigmentation;
prostomium and pharynx. B, ventral view of the pharynx. C, 10t parapod, posterior view. D, 30t

parapod, posterior view.

Fig. 10. Dorsal view of the anterior region and chaetae types in P. dumerilii s.s. (MOTU 4). A,
pigmentation as seen in a preserved specimen, with high dot density scattered around the anterior
region. B, Neurochaeta, dorsal fascicle: homogomph spinigers with lightly serrated blades (1),
chaetiger 30. C, Neurochaeta, ventral fascicle: heterogomph falcigers, chaetiger 30. D,
Neurochaeta, ventral fascicle: heterogomph spinigers (1), chaetiger 30. E, Notochaetae:

homogomph falciger, chaetiger 57.

Fig. 11. Drawing of the main morphological features in the anterior region, pigmentation and
parapodia in P. c.f. massiliensis (MOTU 9). A, dorsal view of the anterior region with ring-like dot
pigmentation pattern; prostomium and pharynx. B, ventral view of the pharynx. C, 10 parapod,
posterior view. D, 30" parapod, posterior view. E, Pigmentation absent in the apodous anterior
segment and large circular-like dot patterns scattered after the first few segments, typically found
in populations from Porto di Livorno (ltaly). F, Pigmentation absent in the apodous anterior

segment and scattered dot patterns after the first few segments.

Fig. 12. Dorsal view of the anterior region and chaetae types in P. cf. massiliensis. A,
pigmentation as seen in a preserved specimen, with ring-like dot pigmentation pattern present in
the apodous anterior segment and in the remaining anterior segments. B, Notochaetae:
homogomph spinigers with coarsely serrated blades, chaetiger 30. C, Neurochaeta ventral
fascicle: heterogomph spinigers (1); dorsal fascicle: homogomph spinigers (2), chaetiger 10. D,
Neurochaeta, dorsal fascicle: heterogomph falcigers, chaetiger 30. E, Neurochaeta, ventral

fascicle: heterogomph falcigers, chaetiger 30.

Fig. 13. Drawing for the main morphological features in the anterior region, pigmentation and
parapodia in Nereis aff. heterocirrata (MOTUs 12 and 13). A, dorsal view of the anterior region
with absence of pigmentation; prostomium and pharynx. B, ventral view of the pharynx. C, 11t
parapod, posterior view. D, 24" parapod, posterior view. E, Neurochaeta, chaetiger 1:
heterogomph falciger. F, Neurochaeta, chaetiger 24: heterogomph spiniger (3), heterogomph
falciger (2), homogomph spiniger (4); Notochaetae homogomph falciger (1). G, Notochaetae

chaetiger 11, homogomph spiniger (1); Neurochaeta parapod 11, heterogomph falciger (2).

Fig. 14. Drawing for the main morphological features in the anterior region, pigmentation and

parapodia in Nereis aff. zonata (MOTU 11). A, dorsal view of the anterior region with absence of
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pigmentation; prostomium and pharynx. B, ventral view of the pharynx. C, 10" parapod, posterior
view. D, 31" parapod, posterior view. E, Notochaetae, chaetiger 10: heterogomph spiniger (1),
homogomph spiniger (2). F, Neurochaeta, chaetiger 30: heterogomph falciger. G, Notochaetae,

chaetiger 30: homogomph falciger.

SUPPORTING INFORMATION

Additional Supporting Information can be found in the online version of this article at the
publisher's web-site:

Table S1. Primers and PCR conditions used in this study

Table S2. Voucher data, origin of the specimens and GenBank accession numbers for each of
the analysed genetic markers original to this study and molecular metadata from other studies
used for comparison purposes or as outgroups.

Table S3. Inter and intra (in bold) specific distances (K2P) with 1000 bootstraps for COI, 16S and
the D2 region of 28S, respectively, for the ten retrieved Platynereis MOTUSs.

Fig. S1. Non-collapsed maximum likelihood phylogenies for the concatenated (COI, 16S and

28SD?2) dataset.

Fig. S2. Specimen (DBUA0002454.01) belonging to Perinereis marionii with focus on the

pharynx, dorsal view.
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