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ABSTRACT. — Scolelepis neglecta Surugiu, 2016 is a polychaete species that was described
from the Cantabrian coast of Asturias (northern Spain) based only on anterior fragments from
museum collections. Recently collected live material of S. neglecta from the intertidal muddy
sand flats of the Villaviciosa estuary (Asturias, Bay of Biscay, northern Spain), has enabled us to
report some new, previously unknown morphological characters, such as the shape of the pygid-
ium, the shape, number and distribution of the notopodial hooded hooks, and to assess the valid-
ity of S. neglecta by the means of molecular analyses. In order to reveal the taxonomic relation-
ships between S. squamata from the Black Sea, S. neglecta from northern Spain and other spe-
cies of Scolelepis, we have compared sequences of the mitochondrial cytochrome oxidase sub-
unit 1 (COI) gene obtained in the present study with those available in GenBank or in BOLD
Systems databases. Molecular phylogeny reconstruction revealed a clear separation of
S. neglecta as a stand-alone clade. The molecular analysis also indicated that in the Black Sea
exist two genetically distinct species of Scolelepis, both previously referred to as S. squamata,
but none of them identical to S. squamata whose sequences exist in GenBank. These species are
herein designated as Scolelepis cf. cirratulus and Scolelepis cf. mesnili, respectively, until new
material for both species, especially from the type localities, will be available for molecular
studies. The lowest genetic distance values were found between S. neglecta and Scolelepis cf.
cirratulus from the Black Sea and the highest ones were found between S. neglecta and
S. goodbodyi from Brazil and S. squamata from the west coast of North America. Apart from
providing COI sequences for S. neglecta and for two species of Scolelepis from the Black Sea,
this is the first study which attempts to provide inferences about the phylogenetic relationships
between species belonging to the genus Scolelepis.

(Maciolek 1987, Delgado-Blas 2006, Meifiner & Gotting
2015, Surugiu 2016). Scanning Electron Microscopy of

The genus Scolelepis represents one of the largest and
most difficult genera of the family Spionidae. It groups
spionids that share the presence of a pointed prostomium,
branchiae starting from chaetiger 2 and continuing to near
end of body, the lack of ciliated grooves on palps, and a
cushion-like pygidium without cirri (Meifiner & Got-
ting 2015). The members of Scolelepis are unique among
Spionidae in having ungrooved prehensile palps (Dauer
1983). The eggs have thick reticulated shells and mem-
brane vesicles (Joyner 1962, MeiB3ner & Gotting 2015,
Surugiu 2016). The diagnostic characters that have proven
to be relevant in distinguishing species of Scolelepis are
those related to the shape of the prostomium, the presence
and size of lateral wings on the peristomium, the shape of
basal palpal sheaths, the presence or absence of notochae-
tae on chaetiger 1, the shape of postchaetal lamellae of
chaetiger 1, the degree of branchial fusion, the shape and
the distribution of hooded hooks, the nature of notopodial
capillaries, the ratio of the length of the hood to the main
fang, the shape of the anterior and posterior neuropodial
postchaetal lamellae, the shape of the posterior notopo-
dial postchaetal lamellae, and the shape of the pygidium

the palp ciliation pattern also proved to be very useful for
the identification of Scolelepis species (Williams 2007,
Surugiu 2016). For unequivocal identification of many
species belonging to the genus Scolelepis an integrative
taxonomic approach should be used.

At present, ca. 86 species of Scolelepis are recog-
nized (Surugiu 2016), but only for few of them there are
gene sequences available in GenBank. Most of the gene
sequences of Scolelepis species existing in GenBank
come from material from outside European waters, espe-
cially based on COI gene fragments. Apart from a parsi-
mony analysis of morphological characters carried out by
Sigvaldadéttir ez al. (1997) between the genera of the fam-
ily Spionidae, which also included Scolelepis squamata
(Abildgaard, in O.F. Miiller, 1806) and Scolelepis
tridentata (Southern, 1914), there are no other studies to
estimate the phylogenetic relationships between the spe-
cies of the genus Scolelepis.

Only three species of Scolelepis have previously been
reported in the Black Sea: Scolelepis squamata (as Nerine
cirratulus), Scolelepis tridentata (as Pseudomalacoceros
tridentata) and Scolelepis cantabra (Rioja 1918) (as
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Pseudomalacoceros cantabra) (Marinov 1977, Kisseleva
2004, Kurt Sahin & Cinar 2012).

Among the European species, S. squamata is one of the
most problematic due to the substantial degree of varia-
tion of its morphological characters. By comparing speci-
mens of Scolelepis cirratulus (Delle Chiaje, 1829) from
the Black and the Mediterranean seas and syntypes of
S. mesnili (Bellan & Lagardere, 1971) from the Atlantic
coast of France with S. squamata from the North Sea and
the Atlantic coast of Spain, Surugiu (2016) came to the
conclusion that most of the characters used to distinguish
these species were size-dependent and that they all belong
to the same species S. squamata. Also, as a result of the
re-assessment of S. squamata, a new species S. neglecta
Surugiu, 2016 was described from the Cantabrian coast
of Spain which used to be confused with S. squamata and
S. mesnili. The original description of S. neglecta was
based on 53 incomplete specimens hosted in three differ-
ent museum collections.

During a field trip to the Villaviciosa estuary (north-
ern Spain, ~185 km away from the type locality of
S. neglecta) in April 2015, one of the authors had the
occasion to collect some specimens of S. neglecta, out of
which one was complete. Repeated sampling, which took
place in September 2016 in the same location, yielded
additional material for observations on live specimens
and for molecular analyses.

Therefore, the objectives of this study are: (i) to
describe and to illustrate previously unreported morpho-
logical features for S. neglecta, (ii) to provide molecular
data to support S. neglecta, (iii) to check the identity of
polychaetes identified as Scolelepis squamata from the
Black Sea, and (iv) to assess for the first time the phyloge-
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netic relationship between different species of Scolelepis
based on partial mitochondrial COI gene sequences.

MATERIAL AND METHODS

Sample collection and processing: Collection of material
took place in June 2014, April 2015, May 2016 and September
2016 from intertidal and shallow subtidal sandy areas at low
tide in different localities on the coasts of Spain (Galicia and
Asturias) and Romania (Fig. 1; Table I).

Samples of sediment were collected at the low water mark
with the aid of a shovel, to a depth of 10-20 cm. Collected sedi-
ments were carefully washed in the field on a 500 um mesh sieve
and Scolelepis worms retained in the residue were hand-picked
from the mesh with live insect handling forceps. Immediately,
the worms were relaxed in 7.5 % magnesium chloride solution
in tap water for 10-20 minutes. The material was transported
to the laboratory and examined alive under light microscopes.
For molecular analyses specimens were fixed in 96 % ethanol.
Voucher specimens were fixed with a 10 % formaldehyde solu-
tion made with filtered sea water, rinsed in fresh water and pre-
served in 70 % ethanol.

All specimens are deposited in the polychaete collection
of the “Grigore Antipa” National Museum of Natural History,
Bucharest, Romania (MGAB). In addition to the freshly col-
lected material, specimens deposited in the Biological Research
Collection of Marine Invertebrates, Departamento de Biologia,
Universidade de Aveiro, Portugal (DBUA) and in the Sencken-
berg Museum, Frankfurt, Germany (SMF) were examined.

Morphological analysis: For light microscopy (LM),
specimens were rinsed in tap water and examined under
a Nikon SMZ800 stereomicroscope. Maximum length
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(excluding palps) and width (as the distance between the dis-
talmost structures on widest chaetiger seen on anterior end in
dorsal view, excluding chaetae) of worms were measured using
a calibrated eyepiece graticule mounted on a stereomicroscope
to the nearest 10 pum. Photographs were taken from fixed speci-
mens in the laboratory at the Faculty of Biology, University of
Iasi using a Leica DFC450C camera coupled to a Leica M205A
stereomicroscope or to a Leica DM750 compound microscope.
Images of multiple layers of worms were stacked using Zerene
Stacker v.1.04 software. Before photography, specimens were
slightly stained with an aqueous solution of methylene blue
(MBW).

For scanning electron microscopy (SEM), a formalin-fixed
specimen was dehydrated through an ethanol series of increas-
ing concentration and then acetone, critical-point dried in car-
bon dioxide, mounted on aluminium stub, coated with gold and
examined with a Vega Tescan SBH scanning electron micro-
scope at the Faculty of Biology, University of lasi.

Final plates were prepared using Adobe® Photoshop® CC
v.14.0 software. Complete information about samples is given
below, in the ‘Material examined’ section along with the descrip-
tion of the species. Complete specimens are indicated by “cs”,
while anterior, middle and posterior fragments are designated as
“af”, “mf” and “pf”, respectively.

Molecular analysis: Seven specimens of S. neglecta were
collected from ‘La Ermita’ and ‘El Puntal’ intertidal muddy
sand flats (Villaviciosa estuary in the northern Spain) and kept
in 96 % ethanol (Table I). We also analyzed eight putative spec-
imens of S. squamata that were collected from the Romanian
coast of the Black Sea (Table I). For the molecular characteriza-
tion of available Scolelepis species we used the COI gene frag-
ment, amplified by universal primers HCO2198 and LCO1490
(Folmer ef al. 1994). The PCR reaction was performed in a total
volume of 50 pl containing DNA template, 1X Green GoTaq®
Flexi Buffer, 2.5 mM MgCl,, 0.1 mM of each dNTP, 0.5 um of
each primer and 1.5 units of GoTaq® DNA polymerase (Pro-
mega, Madison, USA). The PCR products were isolated from
samples presenting clean and visible bands on ethidium bromide
stained agarose gel, using the FavorPrep™ Gel/PCR Purifica-
tion Kit (FAVORGEN® Biotech Corp., Changzhi, Taiwan) and
following the producer specifications. For sequencing, Macro-
gen (Seoul, South Korea) services were used. The sequences
were manually aligned and edited in CodonCode Aligner v.3.7.1
(CodonCode Corporation, Dedham, MA, USA). Genetic poly-
morphism and haplotype identification were assessed in DnaSP
v.5 (Librado & Rozas 2009).

COI fragments were aligned together with previous pub-
lished sequences of polychaetes from GenBank (see Table I),
using CLUSTAL W (Thompson et al. 1994). Two sequence
alignment sets were used: one set containing the initial fragment
of 563 bp consisting of only Scolelepis species and Capitella
neoaciculata Silva & Seixas, 2017 (as outgroup) for the phylo-
genetic tree reconstruction and a second set containing a frag-
ment trimmed to 498 bp consisting of Scolelepis, Malacoceros,
Spio and Capitella species for the genetic distances calculation.
DNA sequences were translated to protein sequences under

the ‘Invertebrate Mitochondrial” genetic code table in MEGA7
(Kumar et al. 2016) and checked for stop codons.

The model and parameters for the Bayesian Analysis were
determined using jModelTest2 (Darriba et al. 2012), according
to the hierarchical likelihood ratio test criterion (hLRT). F81+G
model of molecular evolution was the best nucleotide substitu-
tion model for phylogenetic relationships assessed by Bayesian
inference using MrBayes v3.2.7, implemented in CIPRES Sci-
ence Gateway (https://www.phylo.org/) (Miller et al. 2010). We
performed two parallel runs for 10 million generations sampled
every 1000" generation. FIGTREE v1.4.4 (Rambaut 2014) and
Inkscape v0.92.4 were used for visualizing trees and producing
publication-quality figures.

Genetic distances between the analyzed species were also
calculated in MEGAT7 using the Kimura 2-parameter model
(Kimura 1980). All sequences obtained in the present study
were submitted to GenBank, with accession numbers listed in
Table I.

RESULTS
Morphology

Spionidae Grube, 1850

Genus Scolelepis Blainville, 1828

Subgenus Scolelepis Blainville, 1828

Type-species: Lumbricus squamata Miiller, 1806, by
monotypy.

Scolelepis (Scolelepis) neglecta Surugiu 2016

(Figs 2-3)

Scolelepis (Scolelepis) neglecta Surugiu, 2016: 161-168,
figs 5-8, table 1.

Material (described below)

SPAIN — Asturias ¢ 1 c¢s, 10 af, 4 mf (fixed in 10 %
formaldehyde, of which 1 af on SEM stub); Ria de Vil-
laviciosa, Marina of El Puntal; 43.52467°N, 5.39175°W;
25 Apr. 2015; coll. V. Surugiu; intertidal muddy sand flats
with Zostera noltei; MGAB PLY 0158 3 af, 6 mf (poorly
preserved with 4 % glutaraldehyde); Ria de Villaviciosa,
Marina of El Puntal; 43.52452°N, 5.39152°W; 20 Sep.
2016; coll. V. Surugiu; intertidal sand flats; MGAB PLY
0160 * 4 af, 1 mf, 1 pf (fixed in 96 % ethanol); Ria de Vil-
laviciosa, Marina of El Puntal; 43.52452°N, 5.39152°W;
20 Sep. 2016; coll. V. Surugiu; intertidal sand flats; DNA
voucher specimens: SnP1, SnP3-SnP7; GenBank acces-
sion numbers: MN378531 to MN378536; MGAB PLY
0163 « 2 af, 1 mf (fixed in 96 % ethanol); Ria de Vil-
laviciosa, La Ermita; 43.52045°N, 5.39803°W; 20 Sep.
2016; coll. V. Surugiu; intertidal muddy sand flats; DNA
voucher specimen SnE1; GenBank accession number
MN378530; MGAB PLY 0164. — Galicia ¢ 1 af, 2 mf;
Pontevedra, central part of the north shore of the Ria
de Vigo, Praia de Meira; 42.28537° N, 8.72604° W; 24
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May 2016; coll. V. Surugiu; intertidal fine sands; MGAB
PLY 0159. — Cantabria ¢ 1 af; Santander; 43.48503° N,
3.75387° W; depth 25 m; 31 Aug. 2017; coll. Instituto de
Hidraulica Ambiental de Cantabria; stn. AB-AC10, fine to
very fine sand, 1.86 % organic matter; MGAB PLY 0161.

PORTUGAL ¢ 7 af; shelf off Cascais; 38.681667°N,
9.483333°W; depth 40 m; 1997; RV Andromeda/Auri-
ga, cruise GUIA97, Stn. G13, Smith-MclIntyre grab;
DBUA 0170.01 ¢ 2 af; shelf off Cascais; 38.681667°N,
9.483333°W; depth 40 m; Jun. 1998; RV Andromeda/
Auriga, cruise GUIA9S, Stn. G13, Smith-MclIntyre grab;
DBUA 0170.03.

Comparative material (Scolelepis cf. mesnili)

ROMANIA - Black Sea * 4 cs (fixed in 10 % formal-
dehyde), 5 af (fixed in 96 % ethanol); Cap Midia-Digul
de Nord; 44.342444°N, 28.691000°W; depth 0.5-0.8 m;
29 Jun. 2014; coll. V. Surugiu; fine sand with shells; DNA
voucher specimens: Sm1-Sm4; GenBank accession num-
bers: MN378526 to MN378529; MGAB PLY 0061 « 8
cs, 1 af (fixed in 10 % formaldehyde); Navodari-Digul de
Sud; 44.323722° N, 28.639278° E; depth 0.5-0.8 m; 29
Jun. 2014; coll. V. Surugiu; fine sand with shells; MGAB
PLY 0062.

Comparative material (Scolelepis cf. cirratulus)

ROMANIA — Black Sea ¢ 3 cs, 1 af (fixed in 10 %
formaldehyde), 4 af (fixed in 96 % ethanol); Cap Midia-
Digul de Nord; 44.342444°N, 28.691000°W; depth 0.5-
0.8 m; 29 Jun. 2014; coll. V. Surugiu; fine sand with
shells; DNA voucher specimens: Sc1-Sc4; GenBank
accession numbers: MN378522 to MN378525; MGAB
PLY 0061.

ITALY — Tyrrhenian Sea ¢ 5 cs; Campania, N. of
Napoli, Gulf of Gaeta, Licola; 1966-1968, coll. J. Dorjes,
SMF 12914.

Description (Iberian specimens)

The only complete specimen 57 mm long, 1.60 mm
wide (at chaetiger 11) for 153 chaetigers. The longest
anterior fragment 58 mm for 133 chaetigers. The widest
anterior fragment 2.08 mm. Body widest at the level of
anterior 8-48 chaetigers, then gradually tapering to both
ends; body suboval in cross section. Color of living speci-
mens yellowish with branchiae and postchaetal neuropo-
dial lamellae red; prostomium whitish; proboscis pinkish;
ventral median longitudinal groove bordered by greenish
lines; dorsal and ventral medial longitudinal blood vessel
red.

Prostomium anteriorly trilobate, medially acumi-
nate, antero-laterally rounded, posteriorly extended as a
short, bluntly rounded, attached, slightly raised caruncle,
extending to posterior margin of chaetiger 1, with trans-

verse constriction in posterior third (Fig. 2A). Occipi-
tal antenna absent. Juveniles with 4 dark-brown eyes in
a trapezoidal arrangement, almost in a transverse line;
antero-lateral smaller, rounded, posterior elongated trans-
versely. Nuchal organs J-shaped, on sides of caruncle, just
behind bases of palps (Fig. 2A, D).

Peristomium short, distinctly separated from prosto-
mium by a shallow groove, forming well-developed dor-
solateral wings (Fig. 2A, C), distinctly separated from
chaetiger 1 (Fig. 2B, C). Eversible proboscis sac-like,
inflated. Palps very short, tapering, deciduous, as long as
3-6 chaetigers (Fig. 2A-C); ciliation of palps consisting
of two antero-longitudinal widely spaced bands of trans-
verse rows of short, non-motile cilia, both on elevated
12—13 pm in height lobes, those on medial side approxi-
mately 14-16 um wide, those on lateral side subdivided
into two closely applied side-by-side rows of approxi-

Fig.2.— Adult morphology of Scolelepis neglecta Surugiu, 2016
from the Villaviciosa estuary, Asturias, Bay of Biscay, northern
Spain (MGAB PLY 158). SEM micrographs. A: Anterior end,
dorsal view, right palp missing, showing nuchal organs and dor-
sal primary and secondary transverse ciliary bands. B: Same,
left lateral view. C: Same, antero-lateral view. D: Posterior part
of caruncle and J-shaped nuchal organs. E: Distal section of left
palp, antero-lateral view, showing ciliation pattern. F: Right
palp, lateral view, showing tightly fused, smooth sheath. Scale
bars: A-C =500 um; D = 50 pm; E = 20 um; F =200 um.
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mately 7-8 um wide each (14-17 pum in total with a dis-
tance of 1-2 pm between them) (Fig. 2E). Ratio of lateral
to medial rows approximately 1.15-1.25, with a distance
of 5-14 um separating them. Palp sheaths conspicuous,
rounded, short, smooth, tightly adhering to lateral bases
of palps (Fig. 2F).

Branchiae from chaetiger 2 to last segment, complete-
ly developed by chaetigers 3-30; ciliation along inner
edge of branchiae; tips of branchiae acuminate, glandular,
devoid of cilia. In anterior chaetigers, branchiae fused to
notopodial postchaetal lamellae for approximately half
of their length (Fig. 2A); in middle chaetigers branchiae
fused for 20-35 % of their length; on last chaetigers, bran-
chiae fused only basally to postchaetal lamellae.

Chaetiger 1 well developed, capillary chaetae pres-
ent in both rami, fewer and thinner than those in follow-
ing chaetigers; notopodial lamellae elongate, digitiform,

Fig. 3. — Adult morphology of Scolelepis neglecta Surugiu,
2016 from the Villaviciosa estuary, Asturias, Bay of Biscay,
northern Spain (MGAB PLY 158). SEM (A-C) and LM (D-F)
micrographs. A: Chaetigers 1 & 2, left lateral view. B: Chaeti-
gers 35 & 36, left lateral view, showing the first appearance of
hooded hooks. C: Close-up view of the lateral ciliated organ of
chaetiger 1. D: Neuropodial hooded hook from chaetiger 81 in
lateral view. E: Notopodial hooded hooks from chaetiger 144 in
lateral (in the left) and frontal view (in the right). F: Posterior
end, dorsal view, stained with MBW. Scale bars: A-B =200 pum;
C =50 um; D-E = 100 pm; F = 500 pum.

tapered subdistally; neuropodial lamellae shorter, acute-
ovate (Fig. 3A); notopodial capillaries with indistinct
double rows and a dorsal superior tuft of thin and long
capillaries numbering up to 10, longer than ventral ones
and as long as or slightly shorter than those of dorsal
superior tuft on following chaetigers; neuropodial capil-
laries more numerous, arranged in two distinct rows, 7-9
per row, plus a ventral inferior tuft, all shorter than those
of following chaetigers.

Dorsal transverse ciliation as primary ciliary bands on
mid-part of each chaetiger (nototrochs), continuous with
ciliation of branchiae (Fig. 2A); additional short row of
cilia on outer edge of branchiae between tips of notopodi-
al lamellae and subdistal portion of branchiae. Secondary
dorsal transverse rows of cilia, located on anterior part of
chaetigers, present in anteriormost 23-48 chaetigers, grad-
ually vanishing in following chaetigers. In middle and
posterior chaetigers dorsal surface smooth with low trans-
verse folds uniting branchiae (from about chaetiger 25).
Ventral surface smooth with a shallow median groove.

Notopodial postchaetal lamellae well-developed
from chaetiger 2, on anterior chaetigers elongated, nar-
row, attached to branchiae, with outer margin smooth,
entire, with free tips acuminate (Fig. 2A), in middle and
posterior chaetigers becoming gradually shorter, wider
and attached only at base of branchiae, with lower por-
tion projecting ventrally towards neuropodial postchaetal
lamella (Fig. 3B). Notopodial prechaetal lamellae subtri-
angular, with stubby tip, best developed from chaetigers
2-3 to around chaetigers 17-38, then becoming lower and
broader inconspicuous folds (Fig. 2B).

Neuropodial postchaetal lamellae in anteriormost 2-5
chaetigers cordate, as long as wide, in following chaeti-
gers becoming progressively more rounded, semicircular,
entire, wider than long; slight notch developing in infe-
rior 1/3 of lamella on chaetigers 14-39 (Fig. 3B); notch
becoming deeper in middle chaetigers, dividing lamella
into two separate lobes, upper lobe being more than twice
as large as lower subtriangular lobe, lower lobe located at
level of ventral inferior bundle of capillaries. In posterior-
most chaetigers gap between lobes wider, setting lobes
further apart, upper lobe becoming narrow, rounded, with
upper portion elongated and directed towards ventral por-
tion of notopodial postchaetal lamella, lower part reduced
to triangular cirrus. Neuropodial prechaetal lamellae
absent.

Lateral ciliated organs present between notopodial
and neuropodial postchaetal lamellae from chaetiger 1,
ovate in anterior chaetigers (Fig. 3A, C), becoming more
elongated transversely from around chaetiger 33 onward
(Fig. 3B).

Anterior chaetigers with capillaries only, arranged
in three distinct groups in both noto- and neuropodia.
Notopodial capillary chaetae elongate, narrow, arranged
in double rows (7-11 per row) and a dorsal superior tuft
of 2-10 longer and thinner capillaries; capillaries of ante-
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rior row unilimbate, with fibrose cores, of approximately
same length and width as those of posterior row; capil-
laries of posterior row unilimbate, with uniformly granu-
lated cores. Number and length of notopodial capillaries
gradually decreasing towards posterior end.

Neuropodial capillaries similar in morphology to those
of notopodia, although shorter and broader, with narrow
limbation, with granulated cores (when viewed in direct
light) or appearing fibrous (when viewed in reflected
light), also arranged in double vertical rows (6-16 per
row) plus a ventral inferior bundle of 1-4 long, unilim-
bate capillaries in position of sabre chaetae; capillaries
of anterior row slightly shorter and broader than those of
posterior row.

Neuropodial hooded hooks first present in posterior
row of chaetigers 26-44, up to 16 per fascicle, accompa-
nied in middle and posterior chaetigers by 1-3 alternat-
ing slender capillary chaetae in superior position and by
1-2 shorter slender limbate capillaries in ventral inferior
tuft. Neuropodial hooded hooks with bluntly rounded
main fang surmounted by a smaller bluntly rounded api-
cal tooth, main fang at right angle to shaft; shaft long,
with small constriction and bend just below hood inser-
tion (Fig. 3D). Hood elongate, more than 5 times length
of main fang, with apical-rostral slit-like opening. Ventral
sabre chaetae absent.

Notopodial hooded hooks first present in chaetigers
95-128, numbering up to 4 in a bundle, accompanied
by 4-8 very long, slender, alimbate capillary chaetae.
Notopodial hooded hooks with bluntly rounded main
fang surmounted by a small bluntly rounded or slightly
incised apical tooth, main fang at right angle to shaft;
shaft very long, slender, gently curved, without constric-
tion (Fig. 3E). Two prepygidial achetous segments.

Pygidium ventral cushion-like rounded pad (Fig. 3F).

Remarks

The material collected in Villaviciosa estuary is in
agreement with the description of the species provided
by Surugiu (2016). We have also noticed some previously
unreported features such as the coloration of living speci-
mens, the presence of eyes only in unpreserved juvenile
specimens, the presence of notopodial hooks in far poste-
rior segments, and the shape of the pygidium.

Habitat and ecology

Scolelepis neglecta inhabits intertidal to subtidal
(down to 40 m depth) fine sands (Qso = 0.25 + 0.05 mm;
So = 1.52-1.83; with organic matter content of 0.25-
7.47 %), pH 8, salinity 25-32 PSU, and dissolved oxy-
gen 7.5 ml I”! (Viéitez 1976, Anadén et al. 1997, pres-
ent study). It can occur together with Tellina tenuis da
Costa, 1778, Abra tenuis (Montagu, 1803), Ensis directus
(Conrad, 1843), Diopatra neapolitana Delle Chiaje,

1841, Diopatra marocensis Paxton et al., 1995, Nephtys
hombergii Savigny in Lamarck, 1818, Nephtys cirrosa
Ehlers, 1868, Leiochone clypeata Saint-Joseph, 1894,
Cirriformia tentaculata (Montagu, 1808), and Phylo
foetida (Claparede, 1868) (present study).

Molecular analysis

A fragment of 498 bp from the COI gene was analyzed
in 55 specimens belonging to the Scolelepis, Spio and
Malacoceros genera, with Capitella neoaciculata as the
outgroup, using MEGA7 with the Kimura 2-parameter
model to calculate genetic distances between and within
analyzed species (Tables II-IIT).

With regard to the interspecific genetic distances
(Table II), the main finding was the fact that four speci-
mens from the Black Sea that were considered to be adults
of S. squamata proved to be not conspecific (0.229) with
another four specimens that were presumed to be juve-
niles of the same species. These two species also differed
from populations of S. squamata from North America
(both by a genetic distance of 0.292). Therefore, we here-
in designate the two species of Scolelepis from the Black
Sea as Scolelepis cf. cirratulus and Scolelepis cf. mes-
nili, respectively, until additional material from the type
localities of both species will be available for molecular
studies. The highest value recorded between Scolelepis
species was found between S. goodbodyi (Jones, 1962)
and S. kudenovi Hartmann-Schroder, 1981 (0.393). The
lowest value was found between S. foliosa (Audouin &
Milne Edwards, 1833) from Portugal and Scolelepis
cf. cirratulus from the Black Sea (0.111). S. neglecta
is genetically closest to Scolelepis cf. cirratulus from
the Black Sea (0.199) and is most distantly related with
S. goodbodyi from Brazil (0.316).

For S. neglecta we identified a value of 0.005 for
intraspecific genetic variation (Table III), while for
Scolelepis cf. cirratulus this value was lower (0.002) and
for Scolelepis cf. mesnili this value was higher (0.012).
The values for the other Scolelepis species fall within this
range, with the exception of S. acuta (Treadwell, 1914)
(0.043).

Six haplotypes were detected in the seven analyzed
specimens of S. neglecta. Also, all observed nucleotide
substitutions were synonymous and did not result in dif-
ferences in the aminoacid sequence.

For the Bayesian inference, the best substitution
model was found to be the General Time Reversible
one and the rates among sites were Gamma-distributed
(using 6 discrete Gamma categories) with invariant sites.
The obtained tree categorized all Scolelepis species as a
monophyletic group, with S. neglecta specimens clus-
tered together on the same clade and clearly distinct
from all other Scolelepis species (Fig. 4). Sequence data
of S. chilensis (Hartmann-Schroder, 1962) and S. acuta
from Brazil appears to be conspecific, but different from
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S. acuta from California, USA. Scolelepis cf. mesnili
from the Black Sea form a separate clade from all other
analyzed Scolelepis species.

DISCUSSION

In literature there are no previous results about molec-
ular phylogenetic relationship among Scolelepis spe-
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15. Spio blakei

Table III. — Intraspecific distances between analyzed
species using Kimura 2-parameter model implemented
in MEGA?7, with a bootstrap of 1000 replicates.

Species N specimens d S.E.
Spio blakei 3 0.003 0.002
Malacoceros fuliginosus 5 0.005 0.002
Malacoceros indicus 2 0.002 0.002
Scolelepis squamata 8 0.010 0.002
Scolelepis foliosa 6 0.005 0.002
Scolelepis acuta 10 0.043 0.005
Scolelepis cf. cirratulus 4 0.002 0.001
Scolelepis cf. mesnili 4 0.012 0.003
Scolelepis neglecta 7 0.005 0.002

cies. The overall mean genetic distance between the
eleven analyzed species of Scolelepis in the present
study was 0.211, a value similar to the one identified
by other studies on polychaetes (Schulze et al. 2000,
Blank & Bastrop 2009, Barroso et al. 2010, Carr et
al. 2011, Magalhaes et al. 2014, Silva et al. 2017, Ye
etal.2019).

The present molecular data provide strong support
to the description of S. neglecta which was previous-
ly based only on morphological data.

Surprisingly, the analyzed data indicate that speci-
mens identified as S. squamata from the Great Nico-
bar Island (India) are conspecific with geographi-
cally distant populations of S. squamata from British
Columbia (Canada) and Alaska (USA). However,
since the type locality of S. squamata is the island of
Helgoland in the North Sea, we doubt that the popu-
lations from the Indian and Pacific Oceans belong to
the same species as S. squamata from the Northeast
Atlantic. In order to elucidate the taxonomic relation-
ships between these populations, further morpho-
logical and genetic analyses should be carried out on
material originating from type localities of different
species of Scolelepis.

Due to the absence of reliable morphological char-
acters to distinguish between species, S. cirratulus
and S. mesnili were considered by Surugiu (2016)
as subjective synonyms of S. squamata. However,
the sequence data of the mitochondrial COI frag-
ments showed that under S. squamata in the Black
Sea there are in fact two genetically distinct species,
both also distinct from §. squamata from the Pacific
coast of North America. Revealed genetic differences
are equal with the overall genetic distance calculated
for analyzed Scolelepis species (0.22). Scolelepis cf.
cirratulus from the Black Sea comprised specimens
with large body size (body width > 1.9 mm), long
palps (reaching chaetigers 14-24), hooks in neuropo-
dia starting from chaetigers 33-42, hooks in notopo-
dia starting from chaetigers 58-90, one rounded api-
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cal tooth above main fang, obtuse angle between main
fang and shaft, and rounded tips of postchaetal notopo-
dial lamellae. Scolelepis cf. cirratulus from the Black Sea
appeared closely related genetically to S. foliosa from
Portugal, but were clearly distinct morphologically from
the description of S. foliosa. Specimens of Scolelepis cf.
mesnili were considered to be juveniles of S. squamata
because of their smaller body size (body width < 1.5 mm),
shorter palps (reaching chaetigers 9-15), hooks in neu-
ropodia starting from chaetigers 23-26, hooks in notopo-
dia starting from chaetigers 37-57, one or two apical teeth
above main fang, acute to right angle between main fang
and shaft, and sharply pointed tips of postchaetal notopo-
dial lamellaec. However, genetic analyses showed that
they formed a distinct clade. Scolelepis cf. mesnili seems
to correspond morphologically to S. mesnili (Bellan &
Lagardere, 1971). Therefore, the reinstatement of S. mes-
nili and S. cirratulus cannot be ruled out. In this new light,
the type material of S. foliosa, S. squamata, S. cirratulus
and S. mesnili should be re-evaluated in order to clarify to
which taxa the two species from the Black Sea belong or
whether one or both of them represent an yet undescribed
species.
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