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ABSTRACT
KEY WORDS T yse of molecular tools often shows that regional species diversity differs from what we know
Vertebrata, L . . ..
Polysiphonia, from assessments based on morphological identifications. The seaweed flora of the British Isles
British Isles,  has been well established over a long period from foundational work published during the xvii-
;Zf]l: XIX centuries to more recent revisions based on molecular tools. The application of these tools
distribution, (primarily 76cL sequences), alongside morphological observations, to the study of the tribes
introduced species, Streblocladieae and Polysiphonieae in the British Isles led us to three new records of species, as well
pseudo-cryptic diversity, ies th . . ision. Polvsivhoni i H P deli Di
new record, S two species that require taxonomic revision. Polysiphonia morrowii Harvey, I delicata Diaz-
new combination.  Tapia and Vertebrata tripinnata (Harvey) Kuntze are recorded for the first time in the British Isles.
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MOTS CLES
Vertebrata,
Polysiphonia,
iles Britaniques,

distribution,

espéces introduites,
diversité pseudo-
cryptique,

nouvelle occurence,
combinaison nouvelle.

INTRODUCTION

Finding P morrowii and P, delicata, which are considered introduced or cryptogenic in Europe, is not
surprising and these new records improve our knowledge of their distribution. Vertebrata tripinnata
had previously been recorded in southern Europe and collecting it on the northern coast of Ireland
considerably expands its known distribution. We also found that 76cL and cox1 sequences for the
morphologically divergent V. simulans (Harvey) Kuntze and P ceramiiformis P.Crouan & H.Crouan
(which has never been transferred to Vertebrata) from the British Isles were identical, and we propose
to reduce the latter to a synonym of the former. Finally, we found two pseudo-cryptic species repre-
sented in specimens morphologically assigned to V. fruticulosa (Wulfen) Kuntze, and we propose the
resurrection of V. martensiana (Kiitzing) Pifieiro-Corbeira, Maggs & Diaz-Tapia. This work further
evidences the relevance of reassessing red algal species diversity using molecular tools, even in regions
where floras are considered well-known.

RESUME

Linventaire moléculaire des tribus Streblocladieae er Polysiphonieae (Rhodomelaceae, Rhodophyta) dans
les iles Britanniques révéle de nouveaux signalements et des espéces qui nécessitent une révision taxonomique.
Lutilisation d’outils moléculaires montre souvent que la diversité régionale des especes differe de ce que
nous savons des évaluations basées sur des identifications morphologiques. La flore d’algues des
iles Britanniques a été bien établie sur une longue période, depuis les travaux fondamentaux publiés
au cours du XVIII® et XIXe siecle jusqu'aux révisions plus récentes basées sur les outils moléculaires.
Lapplication de ces outils (principalement des séquences rbcL), parallélement aux observations
morphologiques, 4 I'étude des tribus Streblocladieae et Polysiphonieae dans les iles Britanniques nous
a conduit & répertorier trois especes qui n'étaient pas encore référencées dans la flore locale ainsi que
deux espéces qui nécessitent une révision taxonomique. Polysiphonia morrowii Harvey, P delicata
Diaz-Tapia et Vertebrata tripinnata (Harvey) Kuntze sont recensées pour la premiere fois dans les
iles Britanniques. La découverte de P morrowii et P delicata, qui sont considérés comme introduits
ou cryptogéniques en Europe, n'est pas surprenante et ces nouveaux signalements améliorent notre
connaissance de leur répartition. Vertebrata tripinnata avait été précédemment enregistrée dans
le sud de I'Europe et sa collecte sur la cote nord de I'Irlande élargit considérablement sa répartition
connue. Nous avons également constaté que les séquences 76cL et cox] morphologiquement diver-
gentes de V. simulans (Harvey) Kuntze et P ceramiiformis P.Crouan & H.Crouan (qui n'a jamais été
transféré & Vertebrata) des iles Britanniques étaient identiques, et nous proposons de réduire la seconde
A un synonyme de la premiére. Enfin, nous avons trouvé deux especes pseudo-cryptiques représentées
dans des spécimens morphologiquement attribués & V. fruticulosa (Wulfen) Kuntze, et nous proposons
la résurrection de V. martensiana (Kiitzing) Pineiro-Corbeira, Maggs & Diaz-Tapia. Ce travail
démontre encore une fois la pertinence de réévaluer la diversité des especes d’algues rouges a l'aide
d’outils moléculaires, méme dans des régions o les flores sont considérées comme bien connues.

morphologically similar to known species (e.g. Brodie & Irvine
1997; Leliaert ez al. 2009; Walker et al. 2009). Despite the

The British Isles host a high seaweed diversity explained,
in part, by their wide latitudinal span encompassing the cold-
temperate northeast Atlantic region and the warm temperate
northeast Atlantic subregion 1 (van den Hoek & Breeman
1990; fig. 1). The study of this diversity has a long and
distinguished history that includes the publication of foun-
dational macroalgal accounts (e.g. Stackhouse 1795, 1797,
1802; Greville 1830; Harvey 1857; Newton 1931). More
recently, the seaweed flora of the British Isles has been revised,
and detailed morphological descriptions provided according
to contemporary standards (e.g. Maggs & Hommersand
1993; Brodie ez al. 2007). As a result, the marine benthic
flora of the British Isles is among the best characterized
worldwide and recent additions generally consist of newly
introduced species (e.g. Fletcher & Manfredi 1995; Bunker
2014) or the discovery of new cryptic or pseudo-cryptic species
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long history of study, some distinctive species have apparently
been overlooked, such as the green alga Flabellia petiolata
(Turra) Nizamuddin (Diaz-Tapia ez a/. 2020). Although the
British Isles seaweed flora has been continuously updated,
only some groups have been examined using an integrative
approach that combines molecular tools and morphological
studies. The use of this approach in seaweed diversity surveys
often results in taxonomic discoveries including new cryptic
or pseudo-cryptic species or new introductions, or the con-
verse, placing recognized species into taxonomic synonymy
(e.g. Diaz-Tapia et al. 2013a; Saunders et al. 2017; Pezzolesi
et al. 2019; Savoie & Saunders 2019; Wolf ez 2/ 2019).
The Rhodomelaceae is the largest family of the red algae with
more than 1000 recognized species and, within this family,
the Polysiphonieae and Streblocladieae are among the most
speciose tribes (Guiry & Guiry 2019; Diaz-Tapia ez al. 2017a).
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In the British Isles they are represented by 22 species assigned
to the genera Carradoriella P.C.Silva, Leprosiphonia Kylin,
Melanothamnus Bornet & Falkenberg, Polysiphonia Greville
and Vertebrata S.F.Gray (Maggs & Hommersand 1993 after
taxonomic revision at the genus level by Diaz-Tapia ez al.
2017a, b and Savoie & Saunders 2019). The Polysiphonieae
and Streblocladieae are characterized by terete branched axes
with a polysiphonous structure formed by an axial filament
surrounded by pericentral cells and an attachment system that
consists of unicellular rhizoids (Dfaz-Tapia ez al. 2017a). They
exhibit a wide range of morphological characters that can be
used for delineation of species (Maggs & Hommersand 1993;
Stuercke & Freshwater 2008). In the British Isles, species are
morphologically distinguishable by the study of a combination
of some macroscopic and numerous microscopic characters
(Maggs & Hommersand 1993). The microscopic nature
of most relevant taxonomic characters and the large number
of described species that are often small (<5 cm in length)
and confined to particular habitats means that members
of these tribes are good candidates for hiding cryptic diversity
or remaining unnoticed.

During the 1990s, molecular data were determined for the
tribes Streblocladieae and Polysiphonieae from the British Isles.
This dataset generally included only one or two sequenced
specimens of each species and it was used to infer phylogenetic
relationships among taxa (Mclvor ez al. 2001; Diaz-Tapia
et al. 2017b). In addition, a more extensive dataset was pro-
duced for the species Melanothamnus harveyi (Bailey) Diaz-
Tapia & Maggs in order to investigate the relationships among
populations of this introduced species (Mclvor ez al. 2001,
as Polysiphonia). More recently, in 2014-2017, we obtained
further sequences for species from the British Isles and other
European regions. The objective of this present work is to
reassess the diversity and taxonomy of selected groups in the
tribes Streblocladieae and Polysiphonieae in the British Isles
using an integrative approach that combines morphological
observations and molecular data. The groups selected are those
that exhibited anomalies when comparing the two approaches
of morphological and molecular analyses. Various solutions
are proposed here to deal with these challenges.

MATERIAL AND METHODS

Material was collected during sampling surveys in the British
Isles, the Atlantic Iberian Peninsula and the Mediterranean
Sea (Fig. 15 Annexe 1). Materials for DNA extraction were
preserved in silica gel desiccant. Samples for morphological
study were preserved in 4% formalin seawater at 4°C and
stored in the dark. Some specimens were mounted in 20%
Karo® Corn Syrup (ACH Foods, Memphis, TN, United
States) and 80% distilled water. Sections for microscopic
observations were made by hand using a razor blade. Voucher
specimens were deposited in the SANT herbarium of the Uni-
versity of Santiago de Compostela (Spain). Morphological
study focused on the assessment of diagnostic characters for
the studied species. Detailed morphological descriptions

CRYPTOGAMIE, ALGOLOGIE + 2020 - 41 (8)
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of these species in the study area and nearby locations were
provided in Lauret (1970), Maggs & Hommersand (1993)
and Diaz-Tapia ez al. (2017¢).

DNA was extracted from silica gel-dried material using the
Qiagen DNeasy Plant mini Kit (Qiagen GmbH, Hilden, Ger-
many), or the Promega Wizard Magnetic 96 DNA Plant System
kit, following the manufacturer’s instructions, or an adapted
cetylerimethylammonium bromide (CTAB) protocol (Doyle &
Doyle 1987). PCR amplification was carried out for rbcL
using the primers F7/RrbcStart, F7/R893, F57/tbcLrevNEW
or F2/R1462 (Freshwater & Rueness 1994; Mamoozadeh &
Freshwater 2011; Saunders & Moore 2013; Diaz-Tapia
et al. 2018b) and for cox1 using the forward primer GazF1
(Saunders 2005) and the newly designed reverse primer 1069R
(5 GTTTCTTCAAAAGTATGYTAKGCWGG 3’). Reactions
were performed in a total volume of 25 pl, consisting of 5 ul
5 x MyTaqTM reaction buffer, 0.7 pl 10 pM forward and
reverse primers, 0.125 pl 1 U/pl My TagTM DNA Polymerase
(Bioline), 17.475 pl MilliQ® water and 1 pl template DNA.
The PCR profile consisted of initial denaturation (93°C for
3 min), 35 cycles of denaturation (94°C for 30 s), primer
annealing (45°C for 30 s), and extension (74°C for 90 s) and
final extension (74°C for 5 min). The PCR products were
purified and sequenced at Queen’s University Belfast on an
AB3730x]l DNA Analyzer (Applied Biosystems, Foster City,
CA, United States) or commercially by Macrogen or the
sequencing service of the University of A Corufia.

A total of 27 new rbcL and four new cox1 gene sequences
were generated in this study for the target groups. They
were compared with previously available sequences in Gen-
Bank using the BLAST tool. The four cox1 sequences were
aligned and compared; the total length of the alignment
was 1414 bp. We downloaded from GenBank all publicly
available r6cL sequences with <0.8% divergence from target
species. In addition, we included in our rbcL phylogenetic
analyses 51 sequences for representative species of the major
lineages in the Streblocladieae and Polysiphonieae according
to previous phylogenetic studies (Diaz-Tapia ez al. 2017a).
The sequences, their length and their corresponding GenBank
accession numbers are listed in Annexe 1. Sequences were aligned
using Muscle in Geneious 6.1.8 (Kearse ez a/. 2012). The total
length of the 76cL alignment was 1467 bp. We included in our
analyses a single sequence per species, except for the focal spe-
cies of this study, for which all haplotypes were represented.
The sequences included in the final alignment were selected
considering their quality in terms of both length (the longest
sequences) and the presence of ambiguous bases. With the
aim of analysing the species assignment of newly sequenced
specimens, phylogenetic trees for rbcL were estimated with
Maximum Likelihood (ML) using RAXML 8.1.X (Stamatakis
2014). GTR-Gamma was used as the nucleotide model;
branch support was estimated with 1000 bootstrap replicates.
Three species of Prerosiphonia Falkenberg were selected as the
outgroup based on our phylogenomic analyses of the major
lineages of the Rhodomelaceae which resolve a clade formed
by the Herposiphonieae and Pterosiphonieae as sister to the
Polysiphonieae (Diaz-Tapia ez al. 2017a).
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Polysiphonia delicata

P. morrowii %

Vertebrata martensiana A

V. simulans ¢

V. simulans subsp. ceramiiformis ¢
V. tripinnata m

43,5°

5°F

10°W 0 10°E 20°

Fic. 1. — Collection sites of the species used in this study with indication of the European biogeographic regions according to van den Hoek and Breeman
(1990): dark blue, cold-temperate northeast Atlantic Region; brown, warm-temperate northeast Atlantic subregion 1; green, warm-temperate northeast Atlantic

subregion 2; light blue, east Mediterranean subregion.

RESULTS

Vertebrata simulans (Harvey) Kuntze
and Polysiphonia ceramiiformis P.Crouan & H.Crouan

MOLECULAR IDENTIFICATION
Two rbcL sequences for Vertebrata simulans and three for
Polysiphonia ceramiiformis from the British Isles (four of which
were newly determined) were identical, and also identical
to a newly determined sequence of P ceramiiformis from Spain.
These sequences were resolved in the phylogeny in a highly
supported clade including eight other members of the genus
Vertebrata (Fig. 2). Relationships among members of the
clade including V. simulans were unresolved. The most closely
related species in the phylogeny is V. byssoides (Goodenough &
Woodward) Kuntze with 5.3% divergence in the 76cL gene.
Two cox1 sequences were generated for both V. simulans and
P ceramiiformis. The three sequences from the United Kingdom
including specimens morphologically identified as V simulans and
P, ceramiiformis were identical, while the sequence of P ceramii-
Jformis from Spain differed by 1 bp from the British specimens.
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MORPHOLOGICAL OBSERVATIONS

Vertebrata simulans and Polysiphonia ceramiiformis are
predominantly erect (Fig. 3A, D), attached to their substratum
by short prostrate axes with unicellular rhizoids that are cut
off from the pericentral cells. They have ecorticate axes
with 10-13 pericentral cells. Axes are 100-300 pm in diameter,
with segments 0.3-0.8 L/D (length/diameter). Branches
are formed mostly every 2-9 segments, replacing trichoblasts.

Polysiphonia ceramiiformis has a soft succulent texture and
branches form corymbose, characteristically forcipate apices
(Fig. 3A-C). Vertebrata simulans is more slender and, in addition
to indeterminate branches, it has abundant branchlets that
remain short and spine-like (Fig. 3D-F).

Reproductive structures were not observed in specimens
of P ceramiiformis studied here, but tetrasporangia, spermatangia
and cystocarps were described in Maggs & Hommersand
(1993). Vertebrata simulans has tetrasporangia 40-70 pm
in diameter, formed in short lateral branchlets, in short spiral
series (Fig. 3G). Sexual reproductive structures are unknown
except for the observation of spermatangia on a tetrasporophyte
(Maggs & Hommersand 1993).

CRYPTOGAMIE, ALGOLOGIE + 2020 - 41 (8)
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85 Vertebrata “fruticulosa” IR, SP

Vertebrata “fruticulosa” IR | V. martensiana
Vertebrata “fruticulosa” AD
Vertebrata fruticulosa LG | V. fruticulosa

Vertebrata fruticulosa AD
Vertebrata thuyoides
Vertebrata tripinnata SP
Vertebrata tripinnata PO, IR
Vertebrata tripinnata LG
Vertebrata subulifera
Vertebrata furcellata
Vertebrata fucoides
Vertebrata nigra
Vertebrata byssoides
Vertebrata simulans EN, IR, SP
Vertebrata paniculata
Vertebrata foetidissima
Vertebrata isogona
i|: Vertebrata reptabunda
Vertebrata hypnoides

Vertebrata lanosa

Vertebrata lobophoralis
Vertebrata australis
Vertebrata ericoides

72

100

96

79
100

100

88
100 |E

94|

96

100

100
L Vertebrata constricta
80 Vertebrata woodii
— 92 Vertebrata hendryi
L Vertebrata stimpsonii
LO: Eutrichosiphonia sabulosia
Lampisiphonia iberica
Melanothamnus collabens
79 Melanothamnus harveyi
100 Melanothamnus peruviensis
Melanothamnus somalensis
86 L Melanothamnus unilateralis
91 Kapraunia morroides
— — Kapraunia schneideri
92 100 |: Carradoriella denudata
Carradoriella virgata
—100|:Leptosiphonia schousboei
Leptosiphonia brodiei
Polysiphonia sertularioides

Polysiphonia atlantica
Polysiphonia adamsiae
Polysiphonia scopulorum

Bryocladia cuspidata

100

100

Polysiphonia morrowii n = 5 KO, FR, BC
Polysiphonia morrowii n = 1 KO
Polysiphonia morrowii n = 1 KO
Polysiphonia morrowii n = 1 NZ
Polysiphonia morrowii n = 5 KO, FR
Polysiphonia morrowii n = 1 AUS

- Polysiphonia morrowii n = 1 GUE

Polysiphonia morrowii n = 27 KO, JA, NZ, AUS, CH, AR, FR, EN
Polysiphonia morrowii n = 1 NZ
Polysiphonia morrowii n = 3 FR
Polysiphonia morrowii n = 1 KO
Polysiphonia morrowii n = 1 AR
Polysiphonia morrowii n =1 AR
Polysiphonia morrowii n = 1 AR

Polysiphonia pacifica

Polysiphonia stricta

Polysiphonia ulleungensis

Polysiphonia delicata AUS, SP, EN
Polysiphonia delicata AUS
Polysiphonia radiata

Polysiphonia dokdoensis

Polysiphonia donghaeya

Polysiphonia devoniensis

Polysiphonia macrocarpa
100 lﬂc Lophosiphonia simplicissima

Lophosiphonia obscura

L Lophosiphonia teges

Pterosiphonia stegengae
Pterosiphonia complanata
Pterosiphonia cloiophylla

Epizonaria prostrata

0.02

Fic. 2. — Phylogenetic tree estimated with ML analysis of rbcL sequences. Values at nodes indicate bootstrap support (BP) (only shown if >70). Species analysed
in this study are grey-shaded and species or haplotypes found in the British Isles are in bold. For P morrowii Harvey, the number (n) of sequences available
for each haplotype is indicated. Codes for countries/regions: AD, Adriatic Sea; AR, Argentina; AUS, Australia; BC, British Columbia; CH, Chile; EN, England;
FR, France; GUE, Guernsey; IR, Ireland; JA, Japan; KO, Korea; LG, Ligurian Sea; NZ, New Zealand; PO, Portugal; SP, Spain.
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Fic. 3. —Vertebrata simulans (Harvey) Kuntze, P. ceramiiformis P.Crouan & H.Crouan morphotype: A, habit; B, upper part of a thallus; C, forcipate young branches.
Vertebrata simulans: D, habit; E, upper part of a thallus; F, straight young branches; G, lateral short branches with mature tretrasporangia. Scale bars: A, 2 mm;

B, 500 ym; C, F, G, 100 um; D, 5 mm; E, 1000 pym.

Vertebrata fruticulosa (Wulfen) Kuntze

MOLECULAR IDENTIFICATION

In total 18 rbcL sequences, 16 newly determined, are avail-
able for specimens morphologically identified as Verzebrata
Sfruticulosa from the United Kingdom, the Adantic Iberian
Peninsula and the Mediterranean. They were resolved in the
rbcL phylogeny (Fig. 2) in a fully supported clade that also
included sequences of V. thuyoides (Harvey) Kuntze, V. tripinnata
(Harvey) Kuntze, V. subulifera (C.Agardh) Kuntze and V. furcel-
lata (C.Agardh) Kuntze. Within this clade, specimens assigned
to V. fruticulosa formed two clades that diverged by 3-3.3%
(21-24 bp) and that are labelled in Figure 2 as V. fruticulosa
and V. martensiana. Two haplotypes of V. fruticulosa were
0.6% (4 bp) divergent. Specimens of the V. fruticulosa clade
were only found in the Mediterranean, including the Adri-
atic Sea, its type locality. Vertebrata martensiana has a wider
distribution including the Adriatic Sea, the Atlantic Iberian
Peninsula and the United Kingdom. Two haplotypes were
found in the Atlantic and a third one in the Mediterranean

and they diverged by 0.3-0.4% (4-6 bp).
MORPHOLOGICAL OBSERVATIONS

Specimens that were initially identified as Vertebrata
fruticulosa (Fig. 4) were predominantly erect, attached
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to the substratum by short prostrate axes that bear rhizoids
cut off from the pericentral cells. Thalli were composed
of several main axes that bear branches pseudodichotomously
at wide angles (>30°) (Fig. 4A, E, I). They were 250-900
in diameter in mid-parts of the thallus. Trichoblasts were
absent or scarcely developed. Axes had 8-12 pericentral
cells and were corticate (Fig. 4D, H, L). Specimens of the
V. fruticulosa and V. martensiana clades can be distinguished
by the morphological characters indicated below.
Specimens placed in the V. fruticulosa clade had
main axes of indeterminate growth that were alter-
nately branched at regular intervals and bore alternate
branches of determinate growth (Fig. 4A, B). Determi-
nate branches, in turn, bore 2-3 orders of branches mostly
every 3 segments (Fig. 4C) and were 7-9 mm in length.
Axes had 11-12 pericentral cells (Fig. 4D).
The specimens in the V. martensiana clade had main
axes branched at irregular intervals and bore branches
of determinate growth (Fig. 4E, F, 1, J). Mediterranean
specimens had simple or once-branched determinate
branches that were 1.5 mm in length (Fig. 4G). Axes had
8-10 pericentral cells (Fig. 4H). Atlantic specimens had
determinate branches 3-5 mm in length that were simple
or bore up to 2 branching orders (Fig. 4K) and axes with
8-12 pericentral cells (Fig. 4L).
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Fic. 4. — Vertebrata fruticulosa (Wulfen) Kuntze: A, habit; B, lateral branch bearing determinate branches; C, determinate branches bearing two-three branching
orders; D, cross-section of an axis with 11 pericentral cells. Vertebrata martensiana (Kutzing) Pifieiro-Corbeira, Maggs & Diaz-Tapia from the Mediterranean Sea:
E, F, habit; G, upper part of an erect axis with alternate determinate branches that are once branched; H, cross-section of an axis with eight pericentral cells.
Vertebrata martensiana from the British Isles: I, J, habit; K, upper parts of erect axes with alternate determinate branches that are once or twice branched;
L, cross-section of an axis with ten pericentral cells. Scale bars: A, B, E, F, I, J, 10 mm; C, D, H, K, L, 100 pm; G, 1000 pm.

Vertebrata tripinnata (Harvey) Kuntze

MOLECULAR IDENTIFICATION

Two new sequences were obtained for specimens from Donegal
(Ireland) which were identical to a sequence from Portugal.
They diverged by only 0.2-0.8% (1-5 bp) from sequences
from northwestern Spain and the Mediterranean. In the
rbcL phylogeny Vertebrata tripinnata was placed as sister
to V. subulifera with moderate support. Sequence divergence
between the two species was 3.8% (Fig. 2).

MORPHOLOGICAL OBSERVATIONS

Thalli forming dense tufts up to 3 cm high, dark red to brown
in colour, covering rocky surfaces to ca. 20 cm? in extent.
Thalli radially organized with indeterminate erect axes becom-
ing decumbent when developing rhizoids in their basal parts
(Fig. 5A), forming an extensive system of prostrate interwoven
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axes and bearing unicellular rhizoids cut off from pericentral
cells (Fig. 5B, C). Axes ecorticate with 17-19 pericentral cells
(Fig. 5D). Erect axes rigid in texture, alternately branched up
to three orders and mostly every six segments. Erect axes 150-
400 (-500) pm in diameter, with segments 0.4-0.8 (-1.75) L/D.
Trichoblasts abundantly formed on every segment at the
apices of erect axes and branches, dichotomously branched
up to five orders (Fig. 5E), with multinucleate cells (Fig. 5F).
Trichoblasts deciduous and leaving conspicuous scar cells
when shed (Fig. 5G). Reproductive structures not observed.

Polysiphonia morrowii Harvey
MOLECULAR IDENTIFICATION

In total, 51 7bcL sequences have been published for Polysiphonia
morrowii including data from both regions where the species
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Fic. 5. — Vertebrata tripinnata (J.Agardh) Kuntze: A, habit; B, rhizoid cut off from pericentral cells (arrowhead); C, cross-section of a prostrate axes with a rhizoid
cut off from pericentral cells (arrowhead); D, cross-section of an axis with 18 pericentral cells; E, upper parts of erect axes with short branches and long apical
trichoblasts; F, trichoblast with multinucleate cells; G, scar cells of trichoblasts spirally arranged on every segment (arrowheads). Scale bars: A, 10 mm; B, 100 pm;

C, 100 ym; D, 50 pm; E, 500 pm; F, 50 pm; G, 100 pm.

is considered native (eastern Asia) and introduced. Two new
sequences have been obtained for specimens from the British
Isles: one from Plymouth (England) and one from Alderney
(Channel Islands). Overall, the sequences available represent
14 rbcL haplotypes (Fig. 2), with a sequence divergence of
up to 0.5% (9 bp). The sequence from Plymouth was identi-
cal to specimens from western Asia, Australasia, Pacific and
Adantic South America and Adantic France, while the sequence
from Alderney represents a new haplotype. Polysiphonia
morrowii was placed in the phylogeny in a highly supported
clade with P stricta, the generitype (Fig. 2). The nearest
neighbour of 2 morrowii was P pacifica (AY958162) from
which it diverged by 2.9-3.2%.

MORPHOLOGICAL OBSERVATIONS

Thalli forming tufts, up to 10 cm high, with interwoven pros-
trate axes and erect axes spirally branched mostly every five
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segments (Fig. 6A, B). Axes ecorticate and with four pericentral
cells. Erect axes growing from sharply pointed apical cells
(Fig. 6C), increasing to 40-65 pm in diameter in mid parts;
segments 1.2-3.6 L/D. Trichoblasts not observed. Tetraspo-
rangia formed in the last 2-3 branching orders in straight
series (Fig. 6D), 20-30 pm in diameter. Sexual reproductive
structures were not observed.

Polysiphonia delicata Diaz-Tapia

MOLECULAR IDENTIFICATION

In total, 11 sequences have previously been published for
Polysiphonia delicata from Spain and Australia, which represent
two haplotypes, one found only in Australia and the other in both
countries (Fig. 2). The newly determined sequence for an English
specimen was identical to sequences from Spain and Tasmania.
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Fic. 6. — Polysiphonia morrowii Harvey: A, habit; B, upper part of an erect axis; C, apex of a branch with a pointed apical cell; D, young tetrasporangia in straight

series. Scale bars: A, 10 mm; B, 100 pm; C, D, 50 pm.

Polysiphonia delicata was placed in the rbcL phylogeny
in a highly supported clade with P stricta (Mertens ex Dillwyn)
Greville, the generitype, and eight other species. Polysiphonia
delicata was sister to R radiata Diaz-Tapia, but this relation-
ship received low support (Fig. 2). Divergence between this
pair of species was 4.1-4.2%.

MORPHOLOGICAL OBSERVATIONS

Thalli forming discrete tufts, 2 cm high (Fig. 7A), pink
in colour and flaccid in texture. Axes ecorticate, with four
pericentral cells (Fig. 7B). Prostrate axes bearing unicel-
lular rhizoids in open connection with the pericentral cells
(Fig. 7C). Erect axes 80-120 pm in diameter, composed
of segments 1.5-3.5 L/D. Trichoblasts absent. Plants dioe-
cious. Mature cystocarps slightly urceolate, 430-650 pm
high and 260-400 pm in diameter (Fig. 7D).

DISCUSSION

RELATIONSHIP BETWEEN VERTEBRATA SIMULANS (HARVEY)
KUNTZE AND POLYSIPHONIA CERAMIIFORMIS P.CROUAN &
H.CrouaN

There were no differences between rbcL and cox1 sequences
obtained from specimens morphologically identified as Vertebrata
simulans and Polysiphonia ceramiiformis, despite the clear mor-
phological differences. Both species have ecorticate axes with
10-13 pericentral cells, branches replacing trichoblasts and
tetrasporangia in spiral series, but they differ markedly in habit
(Maggs & Hommersand 1993). In the British Isles Polysiphonia
ceramiiformis — which is morphologically assigned to Verte-
brata here but has never formally been transferred — appears
to be an annual with a soft succulent texture and branches
arranged forming corymbose, characteristically forcipate apices.
It grows directly on bare substrata. In contrast, V. simulans
is apparently perennial, more slender, and branchlets often
remain short and spine-like (Maggs & Hommersand 1993);
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it is usually epiphytic. These differences in habit and habitat
are always obvious and intermediate morphotypes were
never observed. Both species have overlapping distributions
in the British Isles, being restricted to a few sites on south-
ern English coasts and also occurring in northwest France
(Maggs & Hommersand 1993). Polysiphonia ceramiiformis
also extends to northwestern Spain (this is the first record
from the Atlantic Iberian Peninsula), the Canary Islands
and the Mediterranean (Lauret 1970; Rojas-Gonzédlez &
Afonso-Carrillo 2008; Rindi & Cinelli 2000). Despite
their morphological differences, the identical 76cL and cox1
sequences indicate that V. simulans and P ceramiiformis cor-
respond to a single species and accordingly we propose their
synonymy, V. simulans having taxonomic priority.

REASSESSING THE DIVERSITY OF SPECIMENS
MORPHOLOGICALLY IDENTIFIED AS VERTEBRATA FRUTICULOSA
(WULFEN) KUNTZE

Our results evidence the existence of two pseudo-cryptic
species within the previously recognized Vertebrata fruticulosa.
These two species were 3-3.3% divergent in the rbcL gene
and were not resolved as monophyletic in our phylogeny
(Fig. 1). Moreover, they can be morphologically distinguished
considering the branching pattern, length of determinate
branches and the number of pericentral cells (Table 1). The
type locality of V. fruticulosa is Trieste (Adriatic Sea) and the
illustration provided in its original description shows a species
with main axes bearing regular branches and long determi-
nate branches that in turn bear up to three orders of short
branches (Jacquin 1791). This morphology matches our
specimens from the Adriatic and Ligurian Seas, in the Medi-
terranean, labelled in our Figure 1 as V. fruticulosa, and differs
from specimens from the Atlantic and the Adriatic labelled
in Figure 1 as V. martensiana. Consequently, we assigned
the former specimens to V. fruticulosa so the second clade
including specimens initially assigned to V. fruticulosa based
on their morphology requires taxonomic revision.
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Fic. 7. — Polysiphonia delicata Diaz-Tapia: A, habit; B, cross-section of an axis with four pericentral cells; C, rhizoid in open connection with a pericentral cell;

D, cystocarp. Scale bars: A, 10 mm; B, 20 ym; C, 200 pm; D, 50 pm.

TasLE 1. — Key morphological characters for distinguishing Vertebrata fruticulosa (Wulfen) Kuntze and V. martensiana (Ktitzing) Pifieiro-Corbeira, Maggs & Diaz-Tapia.

V. martensiana (Kiitzing)
Pineiro-Corbeira, Maggs &

V. fruticulosa (Wulfen)

V. martensiana (Kiitzing) Pifeiro-
Corbeira, Maggs & Diaz-Tapia

Kuntze Diaz-Tapia (Atlantic) (Mediterranean)
Pericentral cells 11-12 8-12 8-10
Arrangement of indeterminate Regular Irregular Irregular
branches
Determinate branches
Length (mm) 7-9 3-5 1.5
Branching 2-3 orders Simple, once or twice branched Simple or once branched

Five heterotypic synonyms of Vertebrata fruticulosa
(basionym Fucus fruticulosus Wulfen in Jacquin 1791) are
available: Polysiphonia martensiana Kiitzing (1843), P cymosa
Kiitzing (1849), P pycnophloea Kiitzing (1849), P comatula
Kiitzing (1849) and R humilis Kiitzing (1849). Two other
species names listed as synonyms (Guiry & Guiry 2019) are
P wulfenii (Roth) J.Agardh (1842) and P comosa Kiitzing
(1843). Polysiphonia wulfenii is based on Ceramium wulfenii
(Roth 1806) which cited Fucus fruticulosus as a synonym,
so it is an illegitimate name. Similarly, 2 comosa Kiitzing
(1843) was later replaced by P comatula (Kitzing 1849),
as the name P comosa (Agardh) Endlicher (1843) had
previously been applied to a species with six pericentral
cells. All the heterotypic synonyms of V. fruticulosa have
type localities in the Mediterranean except P martensiana
which was originally described from Biarritz, in south-
western France. Original descriptions of these species
consist of a brief Latin diagnosis, but all were illustrated by
Kiitzing (1864). Polysiphonia pycnophloea, P comatula and
P cymosa have main axes that are unbranched or regularly
branched, long determinate branches, and bear several
orders of smaller branches (Kiitzing 1864). Therefore, we
conclude that these three entities agree with V. fruticulosa.
By contrast, 2 martensiana and P humilis have main axes
with irregular branching and shorter determinate branches
(Kiitzing 1864), similar to the species that requires revi-
sion. Of these two names, P martensiana has priority and
we propose the resurrection of this name. We observed
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consistent differences in the branching pattern between
V. fruticulosa and R martensiana, and they are in agreement
with the illustrations provided by Kiitzing (1864). However,
the number of pericentral cells differs between our observa-
tions (11-12 in V. fruticulosa and 8-12 in V. martensiana)
and descriptions in previous works. Kiitzings illustrations
show uniformly 9 pericentral cells (2 _fruticulosa, P cymosa
and P pycnophlaea) and Oztig (1959) reported 9-10 and
11-12 pericentral cells in specimens assigned to V. fruticulosa
from the Mediterranean and the Atlantic, respectively.
It is likely that the number of pericentral cells in V. fruticulosa
from the Mediterranean is more variable than in the speci-
mens we examined, ranging from the nine pericentral cells
reported in the literature to the 12 pericentral cells that we
observed (FR, pers. obs.). Differences among Mediterranean
and Atlantic specimens of V. fruticulosa have been discussed
(Oztig 1959; Ardré 1970) and Ardré (1970) proposed the
resurrection of P martensiana for the Atlantic specimens
assigned to V. fruticulosa, although this was not followed
by subsequent researchers. Our work suggests that V. fruzicu-
losa is restricted to the Mediterranean, but V. martensiana is
certainly present in both the Mediterranean and the Adlantic.

The circumscription of the genera Polysiphonia and
Vertebrata has recently been reviewed (Diaz-Tapia er al.
2017a, b). According to our phylogeny and in agreement
with the morphological characters, P martensiana clearly
matches the concept of the genus Vertebrata and we propose
the following new combination:
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Family RHODOMELACEAE Horaninow
Genus Vertebrata S.F.Gray

Vertebrata martensiana (Kiitzing) Pifieiro-Corbeira,
Maggs & Diaz-Tapia, comb. nov.

Polysiphonia martensiana Kutzing, Phycologia generalis oder Anatomie,
Physiologie und Systemkunde der Tange. Mit 80 farbig gedruckten
Tafeln, gezeichnet und gravirt vom Verfasser: 432 (1843) (basio-
nym). — Boergeseniella martensiana (Kutzing) Ardré, Portugaliae
Acta Biologica, Série B 10: 198 (1970).

TYPE LOCALITY. — Biarritz. France (Kiitzing 1843).

EXPANDING THE DISTRIBUTION OF VERTEBRATA TRIPINNATA
(J.LAGARDH) KUNTZE TO THE NORTH OF IRELAND

Material of Vertebrata tripinnata was collected at a site in north
Donegal, Ireland in July 2014 and 2017. This site at Island
Reagh has unusual environmental conditions, as it is in part
of Mulroy Bay that at low tide is covered by only 20 cm
water depth, with much warmer temperatures in summer
than on the surrounding open coast. Molecular data and
morphological characters confirm that Irish specimens cor-
respond to V. tripinnata. Sequences of Irish specimens were
identical to or had a low divergence compared to sequences
from Portugal, Spain and the Mediterranean. Other similar
species previously reported in the British Isles are Polysipho-
nia opaca (C.Agardh) Moris & De Notaris, V. simulans and
V. subulifera, but P opaca has a greater number of pericentral
cells (20-24) than V. tripinnata (17-19) and the two last spe-
cies have fewer (10-13 and 12-15, respectively) (Maggs &
Hommersand 1993; Diaz-Tapia ez /. 2013b). Some British
material from Swanage (Dorset) collected by Holmes in 1894
and sent to J.Agardh was identified as “P” tripinnata, but an
examination of cross-sections of these herbarium materials
show that they have 10 pericentral cells and probably corre-
spond to V. simulans (CAM, pers. obs.). Vertebrata tripinnata
was originally described from the Mediterranean Sea and
subsequently reported in the Canary Islands (Agardh 1842;
Viera-Rodriguez ez al. 1987). More recently it was recorded
in Atlantic Europe, in northwest Spain (Diaz-Tapia ez al.
2013b). Therefore, the record of V. tripinnata in the north
of Ireland considerably extends the northern distribution
limic for this species. The absence of previous verified records
of this species in the British Isles can be explained because it
is a rare species that only grows under particular environmen-
tal conditions in this latitude. Its distribution in the British
Isles is probably wider, but considering its relatively small
size and its similarity in appearance with other Vertebrata
species it could easily have been misidentified. Although the
possibility of its being an introduced species cannot be ruled

out, Mulroy Bay supports other native species with disjunct
distributions, such as Codium bursa (Olivi) C.Agardh.

NEW RECORDS OF INTRODUCED OR CRYPTOGENIC SPECIES

Polysiphonia morrowii and P delicata are here recorded for the first
time in the British Isles based on morphological and molecular
evidence. Molecular data show that British specimens can be
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unequivocally identified, as sequences from British specimens
were identical or highly similar (sequence divergence <0.5%)
to previously published rbcL. sequences for these two species.
Also, their morphological characters agree with the respective
descriptions of the species. Other species in the British Isles
that also have four pericentral cells and rhizoids in open con-
nection with the pericentral cells are P devoniensis Maggs &
Hommersand, 2 atlantica Kapraun & J.N.Norris and P stricta.
These species were molecularly characterized in previous stud-
ies and both P delicata and R morrowii were clearly placed
in different positions in the r6cL phylogeny relative to these
three species (Fig. 2). Moreover, they can be morphologically
distinguished from native species. Polysiphonia morrowii and
P stricta share the majority of morphological characters but
can be clearly distinguished because P morrowii has pointed
apical cells while P stricta, like other species from the British
Isles, has domed apical cells (Maggs & Hommersand 1993;
Kim ez al. 1994). Polysiphonia delicata differs from previously
known species in the British Isles because it is pink in colour,
thalli are up to 3 cm in length and 60-140 pm in diameter,
branches are exogenous and cystocarps are slightly urceolate
(British Isles) or globose (Australia, Pineiro-Corbeira ez 4.
2019). Moreover P delicata has spermatangial branches (not
observed in British specimens) replacing trichoblasts and bearing
sterile apical filaments (Diaz-Tapia et al. 2017¢). Polysiphonia
devoniensis, by contrast, is brown in colour, has spermatangial
branches growing on one branch of fertile trichoblasts and
cystocarps are globose. Polysiphonia atlantica has endogenous
branches and spermatangial branches that lack sterile apical
cells (Maggs & Hommersand 1993; Diaz-Tapia ez al. 2017¢).
Polysiphonia stricta and P delicata share most morphological
characters, but 2 stricta thalli are usually longer (up to 25 cm)
and axes are thicker (50-300 pm).

The finding of Polysiphonia morrowii in the British Isles is
not surprising as this species native to eastern Asia has been
reported as introduced in Australia, New Zealand, Argentina,
Chile, France and Italy (Curiel ez 2/ 2002; Kim ez al. 2004;
Geoffroy et al. 2012; D’Archino er al. 2013; Croce & Parodi
2014; Pineiro-Corbeira et a/. 2019). The known distribution
of P delicata is more restricted and the species was recently
reported for the first time from Spain and Australia, where it
was considered cryptogenic as the habitat where it grows, mainly
artificial substrata, suggests that it is an introduced species,
although its native area is uncertain (Diaz-Tapia et al. 2017¢;
Pineiro-Corbeira et al. 2019). The finding of P delicata in the
British Isles expands its known northward distribution in Europe,
suggesting that it is probably more widespread than records sug-
gest, but its small size and its morphological similarity to native
species make it easily overlooked and a good candidate species
for a cryptic introduction. Probable introduction vectors for
both species, as for many introduced seaweeds, are aquaculture
and shipping (Mineur ez al. 2007, 2008). A large population
of 2 morrowii at Plymouth was found at Queen Anne’s Battery,
ayacht harbour, implicating recreational vessels, but Plymouth
has heavy maritime traffic including a wide variety of vessels.
It was also growing in rock pools on the open coast at Plym-
outh Hoe. At Alderney, the site is also close to a busy harbour.
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CONCLUSIONS

In this work we updated the flora of the British Isles for the
rhodomelacean tribes Streblocladieae and Polysiphonieae
based on molecular data and morphological observations.
This approach led us to make several discoveries that
required different taxonomic solutions, so that Polysiphonia
ceramiiformis was reduced to a synonym of Vertebrata
simulans, cryptic diversity was found in V. fruticulosa and
consequently V. martensiana was resurrected for one of the
discovered entities, and the known distribution of three spe-
cies was expanded (V. tripinnata, P delicata and R morrowii).
This work provides further support for the relevance of using
molecular tools to understand red algal species diversity,
even in regions where the seaweed flora is considered
well-known, such as the British Isles. Our results suggest
that the routine use of DNA sequence datasets for species
diversity assessments in the British Isles and other European
regions would almost certainly result in further taxonomic
discoveries, especially in highly diverse and taxonomically
complex algal groups. This approach is essential for improv-
ing our understanding of marine species diversity and it
would provide basic information to detect shifts in species
distributions as a consequence of global change as well
as to detect new introduced species.
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ANNEXE 1. — GenBank accession numbers and collection information of the sequences used in phylogenetic analyses. Collectors: CAM, Christine Maggs;
CP, Cristina Pifieiro-Corbeira; FB, Francis Bunker; FR, Fabio Rindi; IB, Ignacio Barbara; LB, Lin Baldock; PD, Pilar Diaz-Tapia.

GenBank accession

number
Collection site; habitat; date; Sequence
Species Specimen collectors / Publication lenght (bp) rbcL cox1
Bryocladia cuspidata (J.Agardh) - Lin et al. 2001 1435 AF259498
De Toni
Carradoriella virgata (C. Agardh) Kylin CH1671 Cape Province, South Africa; Barbaraetal. 1467 JX828152
2013
Carradoriella denudata (Dillwyn) CH1954 Pontevedra, Spain; Barbara et al. 2013 1467 JX828143
A.M.Savoie & G.W.Saunders (as Polysiphonia)
Epizonaria prostrata (Harvey) Diaz- PD1549 Western Australia; Diaz-Tapia et al. 2017a 1279 MF094087
Tapia & Maggs
Eutrichosiphonia sabulosia 12sp1-01 Jeju, Korea; Kim & Kim 2014 1250 KF479248
(B.Kim & M.S.Kim) A.M.Savoie & (as Polysiphonia)
G.W.Saunders
Kapraunia morroides (B.Kim & 12sp5-02 Jeju, Korea; Kim & Kim 2014 1250 KF479255
M.S.Kim) A.M.Savoie & (as Polysiphonia)
G.W.Saunders
Kapraunia schneideri (Stuercke & PHYKOS-2454 Col6n, Panama; Mamoozadeh & Freshwater 1346 HM573566
Freshwater) A.M.Savoie & 2011 (as Polysiphonia)
G.W.Saunders
Lampisiphonia iberica Barbara, Secilla, CH1533 A Coruia, Spain; Barbara et al. 2013 1467 JX828131
Diaz & H.-G.Choi
Leptosiphonia brodiei (Dillwyn) PD516 Doaghbeg, Ireland; Diaz-Tapia et al. 2017a 1467 MF101425
Sprengel (as Polysiphonia)
Leptosiphonia schousboei (Thuret) CHB826 Lugo, Spain; Barbara et al. 2013 1467 JX828133
Kylin
Lophosiphonia obscura (C.Agardh) CUK11188 Adelaide, Australia; Bustamante et al. 2017 1435 KT825865
Falkenberg
Lophosiphonia simplicissima Diaz- SANT-A.24157 Asturias, Spain; Diaz-Tapia et al. 2017a 1448 MF094088
Tapia
Lophosiphonia teges (Womersley) PD1823 Western Australia; Diaz-Tapia et al. 2017a 1296 MF094089
Diaz-Tapia & Maggs
Melanothamnus collabens (C.Agardh) CH2526 Galicia, Spain; Barbara et al. 2013 1467 JX828157
Diaz-Tapia & Maggs (as Streblocladia)
Melanothamnus japonicus (Harvey) ~ CH2530 Galicia, Spain; Barbara et al. 2013 1467 JX828135
Diaz-Tapia & Maggs (as Neosiphonia)
Melanothamnus peruviensis TC6474 Peru; Bustamante et al. 2012 1442 JN989968
(D.E.Bustamante, B.Y.Won, (as Neosiphonia)
M.E.Ramirez & T.O.Cho) Diaz-
Tapia & Maggs
Melanothamnus somalensis Bornet & 2774 Oman; Diaz-Tapia et al. 2017b 1364 KX499555
Falkenberg
Melanothamnus unilateralis (Levring) JF0192 Juan Fernandez, Chile; Diaz-Tapia et al. 1282 KX499549
Diaz-Tapia & Maggs 2017b
Polysiphonia adamsiae Womersley PD3590 Tasmania, Australia; Diaz-Tapia et al. 2018a 1349 MH101821
Polysiphonia scopulorum Harvey 15Psc101 Western Australia; Huisman et al. 2017 1250 MF139308
Polysiphonia atlantica Kapraun & J.N. CH1285 Lugo, Spain; Barbara et al. 2013 1467 JX828142
Norris
Polysiphonia delicata Diaz-Tapia SANT31245 A Coruia, Spain; Diaz-Tapia et al. 2017¢c 795 KY620059
SANT31087 A Coruia, Spain; Diaz-Tapia et al. 2017¢c 1390 KY620062
SANT31247  Victoria, Australia; Diaz-Tapia et al. 2017¢c 1301 KY620060
SANT31248  Victoria, Australia; Diaz-Tapia et al. 2017¢ 1279 KY620061
PD3069 Tasmania, Australia; Pifieiro-Corbeira et al. 1355 MN419248
2019
PD3165 Tasmania, Australia; Pifieiro-Corbeira et al. 1315 MN419247
2019
PD3169 Tasmania, Australia; Pifeiro-Corbeira et al. 855 MN419249
2019
PD3181 Tasmania, Australia; Pifieiro-Corbeira et al. 1316 MN419246
2019
PD3336 Tasmania, Australia; Pifieiro-Corbeira et al. 1326 MN419250
2019
PD3514 Tasmania, Australia; Pifieiro-Corbeira et al. 979 MN419244
2019
PD3519 Tasmania, Australia; Pifieiro-Corbeira et al. 1319 MN419245
2019
PD3005 Studdland, England; drift; 5.V.2017; CAM 1304 MN867914
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GenBank accession

number
Collection site; habitat; date; Sequence
Species Specimen collectors / Publication lenght (bp) rbcL cox1
Polysiphonia devoniensis Maggs & PD301 Wales; Diaz-Tapia et al. 2018b 1348 MG975690
Hommersand
Polysiphonia dokdoensis TC9524 Dokdo Island, Korea; Bustamante et al. 1433 KJ407267
D.E.Bustamante, B.Y.Won & 2014a
T.0.Cho
Polysiphonia donghaeya B.Kim & CUK9556-H1  Korea; Bustamante et al. 2015 (as P, koreana) 1395 KJ957811
M.S.Kim
Polysiphonia macrocarpa (C.Agardh) PHYKOS2627 Coldn, Panama; Mamoozadeh & Freshwater 1333 HM573545
Sprengel 2011
Polysiphonia morrowii Harvey - Korea; Kim et al. 2004 1379 AY396031
P1010 Korea; Geoffroy et al. 2016 1225 KP729450
CUK5035 Korea; Bustamante et al. 2015 1395 KJ957815
P1344 Korea; Geoffroy et al. 2016 1225 KP729457
AC229 Korea; Carlile 2009 1467 GQ252569
- Korea; Kim et al. 2004 1379 AY396034
- Korea; Kim et al. 2004 1379 AY396032
- Korea; Kim et al. 2004 1379 AY396033
P1349 Korea; Geoffroy et al. 2016 1225 KP729456
mo004 Korea; Kim & Kim 2014 1250 KF479258
- Korea; Kim et al. 2004 1379 AY396027
P48 Korea; Kim et al. 2004 1379 AY958161
- Korea; Kim et al. 2004 1379 AY396030
P1300 Japan; Geoffroy et al. 2016 1225 KP729448
GWS008179  British Columbia; Savoie & Saunders 2019 1305 MF120896
SS0023 New Zealand; D’Archino et al. 2013 1387 KC152488
NZ04.5 New Zealand; Mamoozadeh & Freshwater 1294 HM573583
2011
NZ04.130 New Zealand; Mamoozadeh & Freshwater 1373 HM573579
2011
PD3068 Tasmania; Pifeiro-Corbeira et al. 2019 1305 MN419258
PD3073 Tasmania; Pifeiro-Corbeira et al. 2019 1012 MN419259
PD3074 Tasmania; Pifieiro-Corbeira et al. 2019 1301 MN419257
PD3076 Tasmania; Pifieiro-Corbeira et al. 2019 1311 MN419256
PD3094 Tasmania; Pineiro-Corbeira et al. 2019 1313 MN419255
PD3095 Tasmania; Pifeiro-Corbeira et al. 2019 1315 MN419254
PD3135 Tasmania; Pifeiro-Corbeira et al. 2019 1318 MN419260
PD3136 Tasmania; Pifieiro-Corbeira et al. 2019 1317 MN419251
PD3176 Tasmania; Pifieiro-Corbeira et al. 2019 1314 MN419253
PD3522 Tasmania; Pifieiro-Corbeira et al. 2019 1295 MN419252
- Chile; Kim et al. 2004 1379 AY396028
- Chile; Kim et al. 2004 1379 AY396029
P762 Argentina; Raffo et al. 2014 1225 KF468807
P625 Argentina; Raffo et al. 2014 1225 KF468806
P764 Argentina; Raffo et al. 2014 1225 KP729452
P750 Argentina; Geoffroy et al. 2016 1225 KP729453
P727 Argentina; Geoffroy et al. 2016 1225 KP729454
P753 Argentina; Geoffroy et al. 2016 1225 KP729455
P754 Argentina; Raffo et al. 2014 1225 KF468805
P720 Argentina; Raffo et al. 2014 1225 KF468804
P619 Argentina; Raffo et al. 2014 1225 KF468803
P406 France; Geoffroy et al. 2012 1225 JQ679026
P329 France; Geoffroy et al. 2012 1225 JN097796
P633 France; Geoffroy et al. 2016 1225 KP729451
P660 France; Geoffroy et al. 2016 1225 KP729449
P413 France; Geoffroy et al. 2012 1225 JF706223
P322 France; Geoffroy et al. 2012 1225 JF706220
P513 France; Geoffroy et al. 2012 1225 JF706226
P459 France; Geoffroy et al. 2012 1225 JF706225
P446 France; Geoffroy et al. 2012 1225 JF706224
P407 France; Geoffroy et al. 2012 1225 JF706222
P361 France; Geoffroy et al. 2012 1225 JF706221
P317 France; Geoffroy et al. 2012 1225 JF706219
PD3008 Plymouth, England; 25.1V.2017; on natural 1330 MN867912
substrata in marina; CAM
PD4472 Longis Bay, Alderney, Channel Islands; 1359 MN867913

mid-shore pools; 30.V.2018; CAM
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GenBank accession

number
Collection site; habitat; date; Sequence
Species Specimen collectors / Publication lenght (bp) rbcL cox1
Polysiphonia pacifica Hollenberg P194 Seal Rock, Oregon, USA; Kim et al. 2004 1401 AY958162
Polysiphonia radiata Diaz-Tapia SANT-A.31131 Dique de Abrigo, A Coruiia, Spain; Diaz-Tapia 1391 KY620084
etal. 2017c
Polysiphonia sertularioides (Grateloup) PD001 Cabo Huertas, Alicante, Spain; Diaz-Tapia 1467 MF101423
J.Agardh etal. 2017a
Polysiphonia stricta (Dillwyn) Greville PD550 Fanad Head, Donegal, Ireland; Diaz-Tapia 1467 MF101428
etal. 2017a
Polysiphonia ulleungensis TC9483 Ulleung-gun (Ulleung Island), 1438 KJ028026
D.E.Bustamante, B.Y.Won & Gyeonsangbuk-do, Korea; Bustamante
T.0.Cho et al. 2014b
Pterosiphonia cloiophylla (C.Agardh) GWS036443 Beacon Island, Western Cape, South Africa; 1363 KU564509
Falkenberg Savoie & Saunders 2016
Pterosiphonia complanata (Clemente) P732 Beganfry, France; Kim et al. 2010 1154 GQ867079
Falkenberg
Pterosiphonia stegengae Savoie & GWS036449 Eastern Cape, South Africa; Savoie & 1363 KU564497
G.W.Saunders Saunders 2016
Vertebrata australis (C.Agardh) Kuntze PD931 Victoria, Australia; Diaz-Tapia et al. 2017a 1467 MF101439
Vertebrata byssoides (Goodenough & - Norway; Yang et al. 2016 (as Brongniartella) 1435 DQ787584
Woodward) Kuntze
Vertebrata constricta (Womersley) NZ04.256 New Zealand; Stuercke & Freshwater 2010 1353 GU385832
Diaz-Tapia & Maggs (as Polysiphonia)
Vertebrata ericoides (Harvey) Kuntze GWS16590 Tasmania; Savoie & Saunders 2019 1363 MF120855
Vertebrata lanosa (Linneaeus) - Beavertail State Park, Jamestown, Rhode 1467 NC026523
T.Christensen Island, United States; Salomaki et al. 2015
Vertebrata isogona (Harvey) Diaz- PD831 Frankston, Dave’s Bay, Port Phillip Bay, 1467 MF101433
Tapia & Maggs Victoria, Australia; Diaz-Tapia et al. 2017a
Vertebrata foetidissima (Cocks SANT25470  Portugal; Diaz-Tapia et al. 2013a 1241 JQ653293
ex Bornet) Diaz-Tapia & Maggs (as Polysiphonia)
Vertebrata fruticulosa (Wulfen) PD2020 Ancona, ltaly; intertidal; 8.V.2013; FR 756 MNB867924
Kuntze
SANT25830  Anse de Malmousqui, French Mediterranean; 706 MN867925
intertidal; 9.V.2011; IB
Vertebrata fucoides (Hudson) Kuntze CH1359 Spain; Béarbara et al. 2013 (as Polysiphonia) 1467 JX828146
Vertebrata furcellata (C.Agardh) Kuntze LMI1469 Wales; Diaz-Tapia et al. 2017b 1245 KX499559
Vertebrata hendryi (N.L.Gardner) GWS6441 British Columbia, Canad4; Savoie & Saunders 1363 MF120848
A.M.Savoie & G.W.Saunders 2019
Vertebrata hypnoides (Welwitsch) SANT24410  Atlantic Spain; Diaz-Tapia et al. 2017b 1446 KX499547
Kuntze
Vertebrata lobophoralis PHYKOS3537 Panama; Mamoozadeh & Freshwater 2011 1340 HM573551
(Mamoozadeh & Freshwater) (as Polysiphonia)
Freshwater
Vertebrata martensiana (Suhr) Pifieiro- CH049 Ireland; Barbara et al. 2013 1467 JX828161
Corbeira, Maggs & Diaz-Tapia (as Boergeseniella thuyoides)
PD556 Portaferry, Northern Ireland; intertidal; 784 MN867935
19.VI.2014; PD & CAM
LMI445 Doaghbeg, Donegal, Ireland; intertidal; 1254 MN867932
31.V.1999; CAM
PD571 Carna, Galway, Ireland; intertidal; 725 MN867930
29.VI.2014; PD & CAM
UA0268 Roscoff, France; Garcia-Soto & Lépez- 554 MH388576
Bautista 2018
PD4870 Artabra, A Corufia, Spain; intertidal; 1349 MN867938
05.VI1.2019; PD
PD4872 Artabra, A Coruiia, Spain; intertidal; 1007 MN867931
05.VI1.2019; PD
PD3064 Salvora, A Coruiia, Spain; intertidal; 1356 MN867937
06.VII1.2017; CP
PD4451 A Cova, Muros, A Corufia, Spain; intertidal; 907 MN867939
16.VI.18; CP
PD3041 Cies, Pontevedra, Spain; intertidal; 1354 MN867934
20.VI.2017; PD
PD3042 Cies, Pontevedra, Spain; intertidal; 1353 MN867933
20.VI.2017; PD
PD3038 Cies, Pontevedra, Spain; intertidal; 1351 MN867936
20.VIl.2017; PD
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GenBank accession

number
Collection site; habitat; date; Sequence
Species Specimen collectors / Publication lenght (bp) rbcL cox1
PD4949 Ancona, ltaly; shallow subtidal, epiphytic 1234 MN867926
on Treptacantha barbata; 18.1X.2019; FR
PD4950 Ancona, ltaly; shallow subtidal, epiphytic 1164 MN867927
on Treptacantha barbata; 18.1X.2019; FR
PD4951 Ancona, Italy; shallow subtidal, epiphytic 1303 MN867928
on Treptacantha barbata; 18.1X.2019; FR
PD4952 Ancona, ltaly; shallow subtidal, epiphytic 1349 MN867929
on Treptacantha barbata; 18.1X.2019; FR
Vertebrata nigra (Hudson) CHO048 Ireland; Barbara et al. 2013 (as Polysiphonia) 1463 JX828164
Diaz-Tapia & Maggs
Vertebrata “paniculata” (J.Agardh) - Chile, Kim et al. 2004 (as Polysiphonia) 1379 AY396040
Kuntze
Vertebrata reptabunda (Suhr) SANT25139  Atlantic Spain; Diaz-Tapia et al. 2017b 1448 KX499554
Diaz-Tapia & Maggs
Vertebrata simulans (Harvey) Kuntze = PD3006 The Fleet, Dorset, England; intertidal; 1305 MN867920 MT125667
V. simulans morphology; 10.V.2017; CAM
PD2112 Kimmeridge, England; intertidal; V. simulans 734 MN867921 MT125665
morphology; 6.V1.2015; PD & CAM
PD3031 Ireland; Diaz-Tapia et al. 2017b 1307 MN867919
(as V. simulans); P. ceramiiformis morphology.
PD2192 Wembury Point, Devon, England; intertidal; 1281 KX499568 MT125666
P. ceramiiformis morphology; 23.111.2016;
PD, CAM & FB
C49 Chapman’s Pool, Dorset, England; intertidal; 553 MN867923
P. ceramiiformis morphology; 2.V.2004; LB
SANT28756  Margaritas, A Corufia, Spain; intertidal; 807 MN867922 MT125664
P, ceramiiformis morphology; 4.X11.2013; PD
Vertebrata subulifera (C.Agardh) LMI1017 Ireland; Diaz-Tapia et al. 2017b 1245 KX499564
Kuntze
Vertebrata stimpsonii (Harvey) Kuntze CHO073 Japan; Barbara et al. 2013 975 JX828126
(as Enelittosiphonia)
Vertebrata thuyoides (Harvey) Kuntze PD546 Fanad Head, Ireland; Diaz-Tapia et al. 2017a 1467 MF101426
Vertebrata tripinnata (Harvey) Kuntze PD0584 Island Reagh, Carrigart, Donegal, Ireland; - -
intertidal; 13.VI1.2014; PD & CAM
PD3032A Island Reagh, Carrigart, Donegal, Ireland; 1296 MN867916
intertidal; 10.VI.2017; CAM
PD3032B Island Reagh, Carrigart, Donegal, Ireland; 1304 MN867917
intertidal; 10.VI1.2017; CAM
SANT22246  Atlantic Spain; Diaz-Tapia et al. 2017b 613 KX499566
(as Polysiphonia)
SANT24256 Baleal, Portugal; 13.VI.2010; intertidal; PD & IB 608 MN867918
PD2633 Seté, French Mediterranean; subtidal (-1 m); 711 MN867915
11.VI.2016; PD
Vertebrata woodii (Harvey) Kuntze GWS22313 California, United States; Savoie & Saunders 1363 KU564507

2016 (as Pterochondria)
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