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The heteronemertean Cerebratulus marginatus Renier, 1804 is a well-known representative of the family Lineidae
(Nemertea) inhabiting sandy or muddy sediments throughout the world. Due to its wide geographic distribution and the
lack of distinctive external morphological features among different populations, the species has been considered
cosmopolitan. Increasing evidence indicates that nemertean species, including Cerebratulus marginatus, described based
on morphology are often not supported by genetic data and represent complexes of cryptic species, rather than
cosmopolitan species. Here, we use species delimitation and phylogenetic analyses to evaluate the speciation patterns
within the putative C. marginatus species complex. We examined 25 specimens morphologically ascribed to C.
marginatus and closely related species using a multilocus dataset including two mitochondrial markers (16S rRNA, COI)
and three nuclear markers (/8S rRNA, 28S rRNA, H3). Our analyses identified at least four supported independent
lineages among the populations analysed, indicating that samples identified as C. marginatus might represent indeed a
complex of cryptic species. Therefore, our results do not support the cosmopolitanism of C. marginatus and provide
additional evidence suggesting that species identifications in nemerteans should not be based exclusively on
morphological or anatomical features which do not accurately reflect evolutionary patterns. Our study highlights the
importance of including molecular data in addition to morphological information to accurately delimit species
boundaries, thereby improving nemertean taxonomy by providing a more accurate picture of the true species diversity
and geographic distribution of this typically neglected phylum.

Key words: Cryptic speciation, DNA barcoding, Heteronemertea, integrative taxonomy, marine invertebrates,
phylogenetics, species complex, ribbon worms

Introduction Traditionally, taxonomic identification and classifica-
tion of nemertean species has been based on morpho-
logical characters, which is especially problematic in
this phylum because consistent external features of nem-
erteans are rare and mostly limited to the number and
arrangement of the eyes, the position and shape of the
cephalic furrows, and the pattern and colouration of the

Nemerteans constitute a phylum of soft-bodied inverte-
brates also known as ribbon or proboscis worms with
about 1300 species described so far (Gibson, 1995;
Kajihara et al., 2008). They occur in nearly all marine
benthic ecosystems and are commonly found in littoral
and near-shore habitats, where they can often have an

impact on the population structure of prey taxa through body surface,s the dla(gers be(;lr)lg a gé%hl-ysp la(;t)lc trait in
their voracious predatory habits (Bourque et al., 2001; many cases (Stran undberg, 5; Sundberg et al.,

Hookabe et al., 2019; Rowell & Woo, 1990). 2010). This bas led to consider.ing many nerr.lertea.ns,
like C. marginatus, as cosmopolitan species with wide

geographic distributions (Kajihara, 2020; Sundberg
et al., 2010). Cosmopolitan species are common in mar-
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distant populations (Alvarez-Campos, Giribet, San
Martin, et al., 2017; Sanford & Kelly, 2011). However,
many marine taxa considered cosmopolitan have been
later shown to represent two or more morphologically
indistinguishable cryptic  species (Alvarez-Campos,
Giribet, & Riesgo, 2017; Strand & Sundberg, 2005). In
these cases, molecular tools are essential to delimit spe-
cies boundaries and appropriately assess the true species
diversity and distribution ranges of poorly known taxa
(e.g., Ahrens et al, 2013; Carr et al, 2011;
Knowlton, 2000).

Among nemerteans, recent systematic studies incorpo-
rating molecular DNA sequence data have shown that in
most cases there is no correspondence between species
described based on individual morphotypes and distinct
evolutionary lineages, revealing in several cases the
presence of morphologically indistinguishable cryptic
species (e.g., Chernyshev et al., 2018; Hiebert &
Maslakova, 2015; Hookabe et al., 2019; Ikenaga et al.,
2021; Kajihara, 2020; Leasi & Norenburg, 2014; Rogers
et al.,, 1995; Strand & Sundberg, 2005; Sundberg et al.,
2010; Tulchinsky et al., 2012). This indicates that nem-
ertean biodiversity has been underestimated and that
species delimitation should not be based solely on mor-
phological characters, but also combined with molecular
data, and if possible, complemented with ecological,
physiological, and reproductive information (Hiebert &
Maslakova, 2015; Ikenaga et al., 2021).

Ribbon worm specimens identifiable as Cerebratulus
marginatus Renier, 1804 (Fig. 1) tend to be common
lineid heteronemerteans found in sandy or muddy sedi-
ments, from shallow intertidal zones to 150m in depth
(Gibson, 1982). These putative specimens of C. margin-
atus may reach up to 100cm in length and 25mm in
width, with colouration that varies from greyish-brown,
dark greyish green, slate-blue, to dull brown, with char-
acteristic light or transparent lateral margins (Fig. 1)
(Gibson, 1982, 1995; Sundberg et al, 2010).
Cerebratulus marginatus was originally described from
the Adriatic as mouse-coloured with white margins
(Meneghini, 1847; Renier, 1804), and subsequently
reported from various localities in the northern hemi-
sphere, from the southern Arctic to Madeira and Cape
Cod in the Atlantic Ocean, and to southern California
and Singapore in the Pacific Ocean (Gibson, 1995). The
short and ultimately vague description of the species’
external morphology has led to the assumption that C.
marginatus was a cosmopolitan species with a wide
geographic distribution, but growing molecular evidence
suggests that specimens identified as C. marginatus rep-
resent a complex of cryptic species (Kajihara, 2020;
Sundberg et al., 2010). Unfortunately, there is no known
type specimen for C. marginatus so a proper taxonomic

assessment including a comparison to the holotype is
not possible.

In this study, we use species delimitation and phylo-
genetic analyses to evaluate whether C. marginatus is a
truly cosmopolitan species, or if alternatively, it repre-
sents a complex of cryptic species. We examined a mul-
tilocus dataset including two mitochondrial markers
(16S rRNA, COI) and three nuclear markers (/8S rRNA,
28S rRNA, H3) from 25 specimens morphologically
ascribed to C. marginatus collected in 10 different loca-
tions around the world and 19 specimens of closely
related Cerebratulus species.

Materials and methods
Specimen collection and molecular analyses

Specimens were collected at tidal flats of northwestern
Spain: Isla de La Toja, O Grove, 42°29’18"N,
8°5125"W (1 specimen) and Combarro, 42°26'47"N,
8°42'18"W (6 specimens) in 2011, 2018, and 2019
(Fig. 1); and northwestern USA: False Bay, San Juan
Island, WA, 48°29'15.1"N, 123°04'08.2"W (1 speci-
men) and Yaquina Bay, Newport, OR, 44°37'13.3"N,
124°02'21.1"W (2 specimens) (Table 1); specimens
were either preserved in absolute EtOH or in
RNAlater Stabilization Solution (Invitrogen, USA).
DNA extraction was performed using DNeasy Blood &
Tissue Kit (Qiagen, Germany), following the manufac-
turer’s protocol. DNA concentration and integrity were
measured in a NanoDrop 8000 (Thermo Fisher
Scientific, USA). PCR amplification and sequencing
were carried out largely following methods described
by previous authors (Andrade et al., 2012; Hookabe
et al., 2019). For PCR, either of the three heat-resistant
DNA polymerases Ex7aq (TaKaRa, Japan), KOD FX
Neo (Toyobo, Japan), or VWR Red Taq (VWR
International bvba/sprl, Belgium) were used and partial
cytochrome ¢ oxidase subunit I (COI) sequences were
obtained for 8 specimens (Table 1) using the LCO1490
and HCO2198 primers (Folmer et al., 1994). The PCR
program consisted of Smin at 95°C; 35 cycles of
Imin at 95°C, 1min at 55°C, 1min at 72°C; and
10 min at 72°C. PCR products were visualized in 1.5%
agarose gel electrophoresis, run at 90V for 40min.
Sequencing was conducted on an ABI 3730XL DNA
Analyzer (Applied Biosystems, USA) at the Molecular
Core Labs (Sequencing Facility) of the Natural History
Museum of London, using the forward and reverse pri-
mers mentioned above. For four of the specimens, par-
tial sequences of the /6S rRNA were sequenced, and
for two specimens /8S rRNA, 28S rRNA, and histone
H3 genes were also determined (Table 1). In addition
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Figure 1. Specimens identified as Cerebratulus marginatus based on morphological features, collected in northwestern Spain. (A)
Anterior, dorsal view of a dark brown coloured specimen. (B) Anterior end, dorsal view of a specimen with lighter greyish-brown
colouration. (C) Anterior end, dorso-lateral view of a light brown coloured specimen, showing lateral cephalic slits extending to
mouth. (D) Anterior end, dorsal view, and posterior intestinal region, ventral view, of a lightly coloured specimen. (E) Anterior end,
ventral view of lightly coloured specimen, showing mouth opening, lateral cephalic slits, and translucent edges. (F) Dorsal view of

anaesthetized specimen; posterior end missing.

to the primers listed in Andrade et al. (2012), the fol-
lowing additional primers were used in sequencing
reactions for the /85 rRNA gene: 3F, 5R (Giribet
et al., 1996), F2 and F4 (Yamaguchi & Endo, 2003).
Newly determined sequences have been deposited in
DDBJ/EMBL/GenBank and the corresponding acces-
sion numbers are listed in Table 1.

Phylogenetic analyses

To evaluate the phylogenetic relationships between C.
marginatus and closely related species, we analysed a
multilocus dataset including newly generated sequences
for two mitochondrial markers (/6S rRNA, COI) and
three nuclear markers (/8S rRNA, 28S rRNA, H3) of 10
specimens of C. marginatus. The newly generated
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Table 1. List of species, sample localities, and DDBJ/EMBL/GenBank accession numbers for the five gene markers used in the
phylogenetic and species-delimitation analyses. Shaded rows indicate newly generated sequences.

Species Locality 168 coil 188 288 H3
Cerebratulus cf. marginatus 1 Combarro, Spain — MT808210 — — —
Cerebratulus cf. marginatus 2 O Grove, Spain MT809106  MT808211 MT809112 MT809114 MWS582893
Cerebratulus cf. marginatus 3 Combarro, Spain — MTS808212 — — —
Cerebratulus cf. marginatus 4 Combarro, Spain — MT808213  — — —
Cerebratulus cf. marginatus 5 Combarro, Spain — MT808214  — — —
Cerebratulus cf. marginatus 6 Combarro, Spain — MTS808215 — — —
Cerebratulus cf. marginatus 7 Combarro, Spain MT809107 MT808216 MT809113 MT809115 MW582894
Cerebratulus cf. marginatus 8 Washington, USA — MW553859 — — —
Cerebratulus cf. marginatus 9 Oregon, USA MW553279  — — — —
Cerebratulus cf. marginatus 10 Oregon, USA MW553280 — — — —
Cerebratulus cf. marginatus 11 Oregon, USA KU197408 KU197740 — KU365683 —
Cerebratulus cf. marginatus 12 Oregon, USA KU197409 KU197741 — — —
Cerebratulus marginatus 1 Wasington, USA AJ436821 AJ436931 — AJ436876 AJ436978
Cerebratulus marginatus 2 Wasington, USA JF277576 HQ848575 JF293042 HQ856858  JF277729
Cerebratulus marginatus 3 Tjarno, Sweden — FJ811493 — — —
Cerebratulus marginatus 4 Uddevalla, Sweden — KU839799 — — —
Cerebratulus marginatus 5 Uddevalla, Sweden — KU839798 — — —
Cerebratulus marginatus 6 Bonden, Sweden — FJ811496 — — —
Cerebratulus marginatus 7 Vaderoarna, Sweden — — FJ811495 — — —
Cerebratulus marginatus 8 Bua, Sweden — KU839958 — — —
Cerebratulus marginatus 9 Bua, Sweden — KU839906 — — —
Cerebratulus marginatus 10 Kristineberg, Sweden — FJ811497 — — —
Cerebratulus marginatus 11 Kristineberg, Sweden — FJ811499 — — —
Cerebratulus marginatus 12 Bua, Sweden — KU839908 — — —
Cerebratulus marginatus 13 Kristineberg, Sweden — FJ811498 — — —
Cerebratulus albifrons 1 Oregon, USA KU197370 KU197714 — — —
Cerebratulus albifrons 2 Oregon, USA KU197371 KU197715 — — —
“Cerebratulus cf. bengalensis” I ~ Sundarbans, India — KY991481 — — —
“Cerebratulus cf. bengalensi” 2 Sundarbans, India — KY991482 — — —
Cerebratulus californiensis 1 Oregon, USA KU197395 KU197728 — KU365682 —
Cerebratulus californiensis 2 Oregon, USA KU197396 KU197729 — KU365714 —
Cerebratulus fuscus 1 Sweden — KU840067 — — —
Cerebratulus fuscus 2 Sweden — KU840068 — — —
Cerebratulus herculeus 1 USA — EF124964 — — —
Cerebratulus herculeus 2 USA — EF124991 — — —
Cerebratulus herculeus 3 Washington, USA MW621009 MW621973 — — —
Cerebratulus lacteus 1 Florida, USA JF277575 HQ848576 JF293044 HQS856857  JF277728
Cerebratulus lacteus 2 Montpellier, France KX261740 KX261791 — EF124924 KR336528
Cerebratulus leucopsis Panama KF935467 KF935517 KF935300  KF935356  KF935412
Cerebratulus lineolatus Florida, USA — MKO047689 — EF178493 —
Cerebratulus longiceps Oregon, USA KX296733 — KX342095 —
Cerebratulus orochi Hokkaido, Japan LC538101 LC538102 LC538103  LC538104  LC538105
Cerebratulus sp. Washington, USA MW621008 MW621974 — — —
Outgroups

Dushia cf. nigra — LC389832 LC389867 LC389840  LC389844  LC389851
Kulikovia montgomeryi Washington, USA KU197410 KU197742 — EF178489 —
Micrura chlorapardalis — KF935459 KF935512 KF935292  KF935348  KF935404
Micrura rubramaculosa — KF935460 KF935513 KF935293  KF935349  KF935405
P. zhanjiangensis — KC407657 KC602686 — KC522310 —

sequences were combined with data from 15 additional
specimens available in GenBank. We included species

from the “Cerebratulus

Polydendrorhynchus

clade” as
Chernyshev and Polyakova (2019)
zhanjiangensis

proposed by
in addition to
(Yin & Zeng,

1984), which was also suggested as a member of this
clade (Hookabe et al., 2019, 2021), Kulikovia montgo-
meryi, which was recently transferred from the genus

Cerebratulus (Chernyshev et al., 2018), and several out-
groups. GenBank accession numbers for all taxa
included in the analysis are listed in Table 1.

Sequences were aligned with MAFFT v7 under
default parameters (Katoh & Standley, 2013) and all
mitochondrial and nuclear datasets were concatenated in
SeaView v4.5.4 (Gouy et al., 2010). The best-fitting
model of nucleotide substitution for each marker was
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selected under the Akaike information criterion (AIC) as
implemented in jModeltest v2 (Darriba et al., 2012).
Datasets were partitioned for each marker and a max-
imum likelihood analysis (ML) was run in RAXxML
v7.4.2 (Stamatakis, 2006) with 1,000 replicates to esti-
mate bootstrap support values.

Species delimitation analyses

Species delimitation analyses were used to infer putative
species boundaries and test the validity of C. marginatus
cosmopolitanism, using the COI dataset and including
all specimens. We employed four different methods:
Automatic Barcode Gap Discovery (ABGD) (Puillandre
et al, 2012), Poisson Tree Processes (PTP) (Zhang
et al., 2013), Bayesian implementation of the PTP
model (bPTP) (Zhang et al., 2013), and statistical parsi-
mony (Templeton et al., 1992). The ABGD analysis was
performed on the online server (https://bioinfo.mnhn.fr/
abi/public/abgd/abgdweb.html) using the COI multiple
sequence alignment and default settings. The PTP and
bPTP analyses were carried out with default parameters
on the bPTP web server (http://species.h-its.org/ptp/)
using a ML tree generated with the COI dataset. The
statistical parsimony analysis was done using TCS
v1.2.1 (Clement et al., 2000), with the connection limit
set to 95%. Genetic distances between all taxa included
in the analyses were calculated with MEGA ver. 7.0.26
(Kumar et al., 2016) using uncorrected p-distance and
the Kimura 2-parameter model (Kimura, 1980).

Results

Phylogenetic reconstruction

Final alignments of the nuclear markers 28S rRNA, 18S
rRNA, and histone H3 contained 1187 bp, 1826 bp, and
330 bp, respectively. The final alignments for the mito-
chondrial markers /6S rRNA and COI had 523 bp and
656 bp, respectively. The best-fitting nucleotide substitu-
tion model for the nuclear and mitochondrial datasets
under AIC was the General Time Reversible (GTR)
with gamma-distributed rates across sites and a propor-
tion of invariant sites (GTR 4+ G +1I). Results from the
ML analysis (Fig. 2) of the five concatenated loci show
that C. marginatus is a polyphyletic group since C. albi-
frons Coe, 1901, °C. cf. bengalensis’, C. californiensis
Coe, 1905, C. fuscus (Mclntosh, 1874), C. herculeus
Coe, 1901, C. lacteus (Leidy, 1851), C. leucopsis (Coe,
1901), C. lineolatus Coe, 1905, C. longiceps Coe, 1901,
C. orochi Kajihara, 2020, Dushia cf. nigra (Stimpson,
1855), Kulikovia montgomeryi (Coe, 1901) (previously
Cerebratulus montgomeryi) and Polydendrorhynchus

zhanjiangensis are all found nested within the putative
C. marginatus. Our analysis recovered seven groups
among the species identified as C. marginatus which are
labelled Lineages 1-7, although only four lineages (1, 4,
5 and 6) are well supported and are represented by sev-
eral specimens (Fig. 2). Lineage 1 contains species iden-
tified as C. marginatus distributed in the Pacific Ocean
and collected from the west coast of the USA, closely
related to the recently described C. orochi from northern
Japan. Lineages 2, 3, 4, and 5 include specimens
ascribed to C. marginatus collected around the coasts of
Sweden, distributed in the North Sea (all lineages) and
the Baltic Sea (Lineage 5) (Fig. 2). Lineage 2 is repre-
sented by a single individual and falls in a well-sup-
ported clade with the species C. californiensis and C.
herculeus from the Pacific Ocean, whereas Lineage 3,
also represented by a single specimen, forms a well-sup-
ported clade with C. fuscus from Sweden (Fig. 2).
Lineages 4 and 5 form well-supported distinct clades
and appear closely related to the species C. longiceps
and C. montgomeryi from the Pacific Ocean, as well as
C. lineolatus from the Atlantic Ocean (Fig. 2). Lastly,
Lineages 6 and 7 correspond to species assigned to C.
marginatus from the Atlantic Ocean, collected in the
northwest coast of Spain and appear to be closely
related to each other, and to a specimen of C. lacteus
from the Atlantic coast of Florida (Fig. 2).

Species delimitation in the Cerebratulus
marginatus species complex

To determine putative species boundaries and evaluate
whether C. marginatus represents a complex of cryptic
species, we used the complete COI dataset and four dif-
ferent species delimitation methods (i.e., ABGD, bPTP,
PTP, and TCS). All four methods provided congruent
results identifying seven distinct lineages within the
putative C. marginatus (Fig. 3), which corresponded to
the lineages obtained in the phylogenetic analysis: one
lineage from the Pacific Ocean (Lineage 1), four line-
ages from the North and Baltic Seas along the Swedish
coast (Lineages 2-5), and two lineages from the
Atlantic Ocean (Lineages 6, 7), although similarly to the
phylogenetic results, only lineages 1, 4, 5 and 6 are well
supported with bootstrap values > 0.95 (Fig. 3). The
majority of the methods identified seven lineages,
although there were a few discrepancies. For example,
all methods recognized Lineage 4 as recovered in the
phylogeny comprised by a single species, except for
bPTP which identified two different species within
Lineage 4, one represented by C. marginatus GBS and
C. marginatus GB6, and the other one represented by C.
marginatus GB7 (Fig. 3). Similarly, all analyses


https://bioinfo.mnhn.fr/abi/public/abgd/abgdweb.html
https://bioinfo.mnhn.fr/abi/public/abgd/abgdweb.html
http://species.h-its.org/ptp/

900

7

- 61 100

58 100,

80

1 E+
A7

100, Micrura rubramaculosa
_+_—Micrura chlorapardalis
Cerebratulus marginatus 3 ]
75 Cerebratulus sp.
'?Cerebratulus californiensis 1
100 t Cerebratulus californiensis 2
Cerebratulus herculeus 3
Cerebratulus herculeus 2
1007 Cerebratulus herculeus 1 )
oo Cerebratulus marginatus Wl
Cerebratulus fuscus 2

A. Verdes et al.

Lineage 2
North Sea

Lineage 3
North Sea

100" Cerebratulus fuscus 1

Cerebratulus orochi
Cerebratulus cf. marginatus
Cerebratulus cf. marginatus
6} Cerebratulus marginatus 1
Ot Cerebratulus marginatus 2 I
41 Cerebratulus cf. marginatus 11
59 Cerebratulus cf. marginatus 1
Cerebratulus cf. marginatus 1C

Polydendrorhynchus zhanjiangensis
Cerebratulus cf. marginatus 7
Cerebratulus lacteus 1
98] Cerebratulus cf. marginatus 2

98 Cerebratulus cf. marginatus 6
1008l Cerebratulus cf. marginatus 3
Cerebratulus cf. marginatus 1

Lineage 1
Pacific Ocean

Lineage 6

Lineage 6
Atlantic Ocean

Cerebratulus cf. marginatus 4

84[ cerebratulus cf. marginatus 5

Cerebratulus lacteus 2

100g Cerebratulus albifrons 2

25

38

TCerebratulus albifrons 1
Dushia cf. nigra

Cerebratulus leucopsis

“Cerebratulus cf. bengalensis” 2

“Cerebratulus cf. bengalensis” 1
Cerebratulus longiceps

100 | Cerebratulus marginatus 5
ﬁCerebratulus marginatus 6
Cerebratulus marginatus 7

Lineage 4
North Sea

]

Kulikovia montgomeryi
Cerebratulus lineolatus

39

4| Cerebratulus marginatus 13
l Cerebratulus marginatus 12
100g Cerebratulus marginatus 11

Lineage 5
Baltic & North Seas

23| Cerebratulus marginatus 8
31| Cerebratulus marginatus 9

0.04

77[ Cerebratulus marginatus 10

Figure 2. Phylogenetic tree of the genus Cerebratulus inferred from the maximum likelihood analysis of the concatenated dataset
(185 rRNA, 28S rRNA, H3, 16S rRNA, COI). Newly sequenced specimens are denoted in bold and closed circles indicate bootstrap
support values > 75%. Inset shows geographic distribution of the lineages identified in the phylogenetic analysis.

identified Lineage 5 as recovered in the phylogenetic
analysis except bPTP which found each of the speci-
mens comprising the clade as a distinct species. Lineage
3, represented in the phylogeny by C. marginatus GBA4,
was also recovered as a single species by all methods
except ABGD, which identified this individual as
belonging to the same species as two specimens classi-
fied as C. fuscus (Fig. 3). Additionally, we calculated
the genetic distances among all specimens using the
COI dataset (Supplementary Material Table S1). The p-
distance and K2P values among any two specimens
comprising the lineages 1, 4, 5 and 6 are very low
(0-0.012) while the distances between any two

specimens from two different lineages are much higher
(0.18-0.29) and similar to the distances observed
between different Cerebratulus species and species
belonging to different genera (see Supplementary
Material Table S1). This provides further evidence that
lineages 1, 4, 5 and 6 represent independent lineages
that might correspond to cryptic species.

Discussion

It is common practice to assign species names to nemer-
teans based almost exclusively on morphological
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Figure 3. Maximum likelihood tree generated based on 508-bp partial COI sequences from 42 Cerebratulus specimens; asterisks
indicate bootstrap support values > 95%. Vertical bars show results from the four species-delimitation analyses (ABGD, bPTP, PTP,

and TCS).

examinations of their external anatomy. In particular,
specimens with a slightly pointed head, horizontal lat-
eral cephalic slits extending to the mouth, no eyes, and
a dorsoventrally flattened body with translucent or white
edges and a caudal cirrus, have been commonly
assigned to the species C. marginatus (e.g., Chernyshev,
2008; Iwata, 1957; Yamaoka, 1940). However, previous
authors have pointed out that many external characters,
including colouration, cannot be used to differentiate
species as these traits are either highly variable among
populations and even throughout the life cycle of a sin-
gle individual (Berg, 1985; Kang et al., 2015; Leasi &
Norenburg, 2014; Manchenko & Kulikova, 1996; Strand

& Sundberg, 2005; Sundberg et al., 2009, 2010;
Tulchinsky et al., 2012), or conversely, are not variable
enough to distinguish cryptic species (Hiebert &
Maslakova, 2015; Ikenaga et al., 2021; Kramer et al.,
2017). Our results combining phylogenetic and species
delimitation analyses suggest that samples seemingly
identifiable as C. marginatus are not a single cosmopol-
itan species or a distinct unique evolutionary lineage,
but rather a complex of at least four well-supported line-
ages that might represent cryptic species with narrower
geographic ranges distributed in different areas (Figs 2,
3). In addition, the phylogenetic analysis shows that C.
marginatus as currently delineated, is a polyphyletic



902 A. Verdes et al.

grouping with several other species of the genus
Cerebratulus and species from other genera nesting
within the clade (Fig. 2).

Previous studies using statistical parsimony analysis
with COI sequences suggested that several species in
the genus Cerebratulus, including C. marginatus speci-
mens from different localities along the coast of Sweden
represent a complex of cryptic species, and furthermore,
that the Swedish samples represent three or four differ-
ent biological entities (Sundberg et al., 2010). Although
these results cannot be interpreted as species limits, they
clearly show that many diagnostic morphological char-
acters commonly used to differentiate Cerebratulus spe-
cies do not correspond to evolutionary lineages,
suggesting these morphological differences might be
due to intraspecific variation or developmental stage
(Sundberg et al., 2010). Our study combining phylogen-
etic analysis and species delimitation methods confirms
these hypotheses, revealing that specimens ascribed to
C. marginatus available in GenBank from the coasts of
Sweden might correspond to four genetically distinct
species. Our results identified two additional putative
lineages among the newly collected material from the
northwestern coast of Spain, and another genetically dis-
tinct entity with distribution restricted to the northwest-
ern coast of the USA (Fig. 2). Although our results
identified seven putative independent lineages within the
Cerebratulus marginatus samples, only four had enough
representative specimens and were well supported in the
phylogenetic and species delimitation analyses to be
considered as putative cryptic species, namely lineages
1,4, 5 and 6 (Figs 2, 3).

After identifying a complex of cryptic species and
delimiting species boundaries, the newly identified spe-
cies should be formally named and described in the lit-
erature, so they are available for future research.
However, we consider that a new species should meet
certain requisites before it can be officially instated as a
new taxon. Specifically, any newly identified species
should form a distinct evolutionary lineage, with robust
support in a phylogenetic analysis with a large number
of specimens sequenced, as well as demonstrate identifi-
able, distinctive diagnostic features (e.g., morphological,
ecological) (Alvarez—Campos et al., 2017a; Kawauchi &
Giribet, 2010). Unfortunately, the putative Cerebratulus
species identified here do not meet these requirements
and therefore, we prefer not taking any taxonomic
action until new material from the type locality (i.e.,
Northern Adriatic Sea) and from additional distribution
areas becomes available for molecular and morpho-
logical examination.

The newly discovered lineages may not necessarily
be new to science but may represent taxa that were

once named but excessively synonymized with C. mar-
ginatus. According to Gibson (1995), these nominal spe-
cies include [type locality in square brackets]:
Avenardia priei Giard, 1878 [Pouliguen, France];
Cerebratulus grandis Sars in Jensen, 1878 [Flore];
Cerebratulus spraguei Girard, 1893 [Atlantic coast of
the USA]; Gordius fragilis Dalyell, 1853 [Scotland];
Lineus beattiaei Gray, 1857 [Scotland]; Meckelia oliva-
cea Rathke, 1843 [Norwayl; Meckelia somatotomus
Leuckart, 1828 [Ftang de Thau, France]; and
Serpentaria beryi Baird, 1866 [Singapore]. Future stud-
ies, especially with topotype material of these nominal
species, may ‘resurrect’ these names (cf. Mendes
et al., 2021).

Our results have important implications for nemertean
taxonomy, biological surveys, and biodiversity manage-
ment projects. Identifications based only on external
characters will often be erroneous, and importantly,
identifications based on comparison to publicly available
DNA barcodes may also be inaccurate. There are cur-
rently 25 specimens in GenBank (15 previously pub-
lished, 10 newly sequenced in this study) identified as
C. marginatus, but in fact they seem to represent a com-
plex of at least four cryptic species (Figs 2, 3).
Therefore, until new material from the type locality
becomes available to identify the true C. marginatus
and clarify the taxonomic status of the genus, we recom-
mend barcoding and depositing a voucher of all putative
C. marginatus specimens, labelling them as C. cf. mar-
ginatus and indicating its affinity to one of the lineages
described here. This will allow us to identify possible
diagnostic features and formally describe the new spe-
cies identified here in the future, thereby advancing
nemertean taxonomy.

Our study represents yet another example of cryptic
speciation in ribbon worms (Hookabe et al., 2019;
Rogers et al., 1995; Sundberg et al., 2010), which is in
fact increasingly becoming the rule rather than the
exception among marine invertebrates in general
(Hutchings & Kupriyanova, 2018; Kawauchi & Giribet,
2010). It also highlights the importance of including
molecular data when inferring species boundaries, since
the interpretation of morphological characters alone
from a putative species often leads to underestimating
real diversity (Hiebert & Maslakova, 2015; Hookabe
et al., 2019; Kajihara, 2020; Rogers et al., 1995; Strand
& Sundberg, 2005; Sundberg et al., 2010). Therefore, in
addition to morphological data, the incorporation of
molecular information, as well as ecological, physio-
logical, or reproductive data when possible, should be
essential to accurately delimit species in nemertean taxo-
nomic research (Hiebert & Maslakova, 2015; Hookabe
et al.,, 2019; Leasi & Norenburg, 2014; Rogers et al.,
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1995; Strand & Sundberg, 2005). Adopting this practice
will improve nemertean taxonomy and provide a much
more accurate picture of the actual species diversity and
geographic distribution of this typically
neglected phylum.
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