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Abstract – Phymatolithon lusitanicum is a new maerl species described based on an 
integrative systematic approach including molecular (COI-5P, psbA) and morphological data 
obtained from recent collections, as well as comparison of type material from the 
morphologically and ecologically alike NE Atlantic species P. lamii and P. laevigatum. 
Molecular analyses including type material of P. lamii and P. laevigatum were congruent in 
delimiting P. lusitanicum as an independent lineage from these crustose species. The three 
species shared a common external morphology of multiporate asexual conceptacles, but 
P. lusitanicum has been detected only unattached as maerl while P. lamii and P. laevigatum 
are crustose. Phymatolithon lusitanicum is particularly abundant in subtidal maerl beds of the 
Atlantic Iberian Peninsula (Galicia and the Algarve); however it has also been detected 
northwards in Ireland intertidally and in Western Mediterranean Sea (Alborán Sea, Balearic 
Islands) down to 64 m. Phymatolithon lusitanicum differs from other Phymatolithon species 
reported for the European coasts mainly by the external shape of the multiporate asexual 
conceptacles (pore plate flush with surface or slightly sunken without a conspicuous thick 
raised rim) and its unattached habit as maerl/rhodolith. In addition, the lectotype of 
Lithothamnion hamelii turned out to be conspecific to Phymatolithon calcareum, therefore 
this taxon is proposed as a heterotypic synonym of P. calcareum. Finally, our molecular 
analyses detected cryptic diversity within the European collections of Phymatolithon, while 
collections identified as P. lenormandii from Canada or P. repandum from New Zealand were 
resolved as unrelated to the remaining Phymatolithon. In the light of these results, it is clear 
that further work is necessary to resolve species diversity within the genus Phymatolithon 
and its relationship with related genera. 

Biodiversity / DNA barcoding / Lithothamnion hamelii / Mediterranean / NE Atlantic / 
Phymatolithon laevigatum / Phymatolithon lamii / systematics
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INTRODUCTION

The genus Phymatolithon Foslie contains non-geniculate coralline algae 
that include 14 currently accepted names for which seven species are reported in 
Europe (Guiry & Guiry, 2015) associated to coastal habitats from the intertidal to 
the low subtidal (Adey & Adey, 1973; Chamberlain & Irvine, 1994; Teichert et al., 
2012). Phymatolithon together with Lithothamnion Heydrich have been regarded as 
the major contributors to European maerl beds in terms of species diversity as well 
as abundance and distribution range (Chamberlain & Irvine, 1994; Babbini & 
Bressan, 1997; Bressan & Babbini, 2003). In particular, Phymatolithon calcareum is 
commonly cited in the literature as the main builder of the Atlantic and Mediterranean 
maerl beds (Chamberlain & Irvine, 1994; Bressan & Babbini, 2003). Phymatolithon 
purpureum has also been reported as a maerl-forming species in Ireland, and more 
recently in the Mediterranean (Adey & Adey, 1973, as P. polymorphum (Linnaeus) 
Foslie; Blunden et al., 1981; Hernández-Kantún et al., 2014, 2015), but it is more 
commonly found as an Atlantic encrusting species, epilithic or epiphytic on kelp 
holdfasts and stipes, from the low littoral to deep subtidal down to 45 m. A similar 
habit is reported for Phymatolithon laevigatum, P. lamii and P. lenormandii which 
commonly occur in the Atlantic coasts as crustose attached plants from the mid-
lower littoral to 30-35 m depth (down to 90 m for P. lamii, Adey & Adey, 1973; 
Chamberlain & Irvine, 1994). The latter two species (P. lamii and P. lenormandii) 
have been also cited in the Mediterranean as encrusting species, epilithic or epizoic 
on Chlamys sp. shells, down to 55 m depth (Bressan & Babbini, 2003; Kaleb et al., 
2012). By contrast, Phymatolithon brunneum has been described as a rare, epilithic 
plant that occurs in the littoral above the P. purpureum zone or even higher up the 
shore, but only in Britain, Channel Islands and Atlantic France (Chamberlain & 
Irvine, 1994). Other rare species is P. tenuissimum (Foslie) Adey which has been 
cited in the Mediterranean, and formerly described in São Tomé, West coast of 
Africa (Foslie, 1900; Babbini & Bressan, 1997). Apart from the growth-form and 
habitat, the external morphology of multiporate sporangial conceptacles has been 
usually employed in the literature for the identification of European Phymatolithon 
taxa (Chamberlain & Irvine, 1994; Bressan & Babbini, 2003). 

In the Atlantic Iberian Peninsula, other than the maerl-forming P. calcareum 
(Peña et al., 2014), the only members of the genus reported so far are P. lenormandii, 
P. lamii and P. purpureum, but always as attached crustose plants (Ardré, 1970; 
Adey & Adey, 1973; Chamberlain, 1991; Chamberlain & Irvine, 1994; Bárbara et 
al., 2003). Nonetheless, new research with DNA barcodes recently detected a still 
undescribed species in Iberian maerl beds that, according to sequence information 
derived from mitochondrial and plastid markers (COI-5P and psbA), was tentatively 
assigned to Phymatolithon sp.3. Interestingly, this new species was a common 
component of maerl beds in Galicia, where it appeared mixed with the widespread 
P. calcareum and Lithothamnion corallioides, and it even became the dominant 
component of maerl beds southwards in the Algarve (Carro et al., 2014; Pardo et 
al., 2014). Additional morphological studies provided further support to the 
molecular-based delimitation, while the observation of multiporate asexual 
conceptacles with pore plates lightly protruding or flush with the surface suggested 
some similarities with P. lamii or P. laevigatum (Chamberlain, 1991; Chamberlain 
& Irvine, 1994). Nevertheless, no name could be assigned with certainty given the 
absence of molecular data from any other type species reported in European coasts 
other than the generitype P. calcareum (Peña et al., 2014; Hernández-Kantún et al., 
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2015). Alternatively, topotype material (specimens of the targeted species from the 
type locality) could be studied, but it should be done with caution given the frequent 
co-ocurrence of several Phymatolithon taxa in the same habitat. Here, we formally 
describe the maerl species Phymatolithon lusitanicum sp. nov. on the basis of novel 
molecular data obtained from type material of P. lamii and P. laevigatum and from 
recent collections of other European Phymatolithon species.

MATERIAL AND METHODS

Collections studied

Maerl specimens identified as Phymatolithon sp.3 using DNA barcoding 
(COI-5P/psbA) have been collected in recent surveys of maerl beds in the Atlantic 
Iberian Peninsula both in Galicia (Spain) and Algarve (Portugal) (Carro et al., 2014; 
Pardo et al., 2014). Intertidal samples identified in the field as Phymatolithon spp. 
were collected on rocky shores using a hammer and chisel in several sites along the 
Atlantic European coasts (France, Spain and Portugal) including the type locality of 
P. purpureum (Fort du Mingant, Brittany, France, Chamberlain & Irvine, 1994). In 
addition, intertidal and subtidal collections from Ireland and Western Mediterranean 
Sea (Alborán Sea) have been also studied (Table 1). Samples were air-dried or oven-
dried (50º C), preserved in zipper bags with silica gel before molecular and 
morphological studies, and deposited in the herbaria of Universidade de Santiago de 
Compostela (SANT), Muséum National d´Histoire Naturelle (PC), Smithsonian 
Institution (US) and National University of Ireland (GALW) (acronyms follow 
Thiers, 2015). In addition, we studied the type material of Lithophyllum lamii Me. 
Lemoine (lectotype, PC0719024), Lithothamnion laevigatum Foslie (paratype, 
PC0145173), Lithothamnion purpureum P.L.Crouan & H.M.Crouan (lectotype –
CO02256 – and isotype – CO02260 –), Melobesia lenormandii Areschoug 
(isolectotype, CN) and Lithothamnion hamelii (lectotype, PC0145174) deposited in 
the herbaria of Concarneau (CO), the Université de Caen (CN) and the Museum 
National d´Histoire Naturelle (PC) (Chamberlain, 1991; Chamberlain & Irvine, 
1994; Woelkerling & Lamy, 1998, Table 1).

Molecular studies

A total of 38 specimens from recent intertidal and subtidal collections were 
cleaned under a stereomicroscope and selected surfaces were ground for DNA 
extraction. Genomic DNA was extracted using a NucleoSpin® 96 Tissue kit 
(Macherey-Nagel, GmbH and Co. KG, Germany), or the QIAamp® DNA Micro Kit 
(Qiagen S.A.S., France, protocol for tissues) for the type material. Samples from 
Ireland (E302, E113, E17, E10, Table 1) were extracted following Hernandez-
Kantun et al. (2014), while US herbarium vouchers identified as Phymatolihon 
rugulosum and P. lenormandii followed Adey et al. (2015) The mitochondrial COI-
5P fragment was PCR-amplified using primer pairs GazF1/GazR1, GazF1/GCorR3, 
or GWSFn/GWSRx (Saunders, 2005; Le Gall & Saunders, 2010; Saunders & 
McDevit, 2012; Pardo et al., 2014; Peña et al., 2015). The psbA locus was amplified 
using primer pairs psbA-F1/ psbA-R2 or psbA-F1/psbA600R (Yoon et al., 2002). 
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Thermal profiles for PCR amplification of COI-5P and psbA fragments followed 
Saunders & McDevit (2012) and Bittner (2009), respectively. PCR reactions followed 
Peña et al. (2015). DNA extractions and amplifications of type material were 
performed separate from recent collections, and with negative controls run throughout. 
PCR products were purified and sequenced by Genoscope (Bibliothèque du Vivant 
program, Centre National de Séquençage, France); except for those obtained from 
specimens from Ireland or US specimens that followed Hernandez-Kantun et al. 
(2014) and Adey et al. (2015), respectively. Sequences were assembled and aligned 
with the assistance of CodonCode Aligner® (CodonCode Corporation, USA) and 
adjusted by eye using SeaView version 4 (Gouy et al., 2010). Sequences were 
submitted to the Barcode of Life Data Systems (project ‘NGCOR’, BOLD, http://
www.boldsystems.org; Ratnasingham & Hebert, 2007) and GenBank (accession 
numbers listed in Table 1). Our analyses also included COI-5P and psbA sequences 
of Phymatolithon sp.3 generated in previous studies of Atlantic Iberian maerl beds 
(Carro et al., 2014; Pardo et al., 2014), and publicly available sequences assigned 
to the genus Phymatolithon in BOLD and GenBank databases, of the latter included 
other maerl-forming species detected in the OSPAR region (BOLD project 
“MAERL”, Pardo et al., 2014). Finally, the alignments comprised 177 COI-5P and 
42 psbA sequences, including the generitype P. calcareum (Peña et al., 2014; 
Hernández-Kantun et al., 2015) and other European taxa in the subfamily 
Melobesioideae (Lithothamnion and Mesophyllum) that were used as outgroups 
(Table 1). A general mixed Yule–coalescent (GMYC) model was applied to delimit 
Phymatolithon species (Pons et al., 2006; Fujisawa & Barraclough, 2013). The 
ultrametric tree derived from Bayesian phylogenetic analyses of the COI-5P 
alignment run in BEAST v1.7.4 (Drummond et al., 2012) under a generalized time-
reversible model with gamma+invariant sites to accommodate rate heterogeneity 
(GTR + G + I), an uncorrelated log normal (UCLN) relaxed molecular clock, and 
using a coalescence tree prior. In BEAST, two Markov Chain Monte Carlo (MCMC) 
analyses were run for 10 million generations, sampling every 1000th generation. The 
information from a simple of trees was summarized onto a single ‘target’ tree (10% 
burn-in discarded at the start of the run, 0.5 of posterior probability limit of the 
nodes in target tree) using Tree Annotator v 1.7.4 (http://beast.bio.ed.ac.uk). GMYC 
analyses were performed using the SPLITS package for R (http://r-forge.r-project.
org/project/splits). Phylogenetic relationships were inferred using Maximum 
likelihood (ML) and Bayesian inference (BI) using Mega 6 and MrBayes 3.2.1, 
respectively (Ronquist & Huelsenbeck, 2003; Tamura et al., 2013). Models of 
sequence evolution were estimated using the Akaike Information Criterion (AIC) 
and the Bayesian Information Criterion (BIC) obtained in jModeltest 2.1.3 (Darriba 
et al., 2012). Maximum likelihood and Bayesian analyses for the COI-5P and psbA 
alignments were performed under a generalized time-reversible with gamma+invariant 
sites heterogeneity model (GTR + G + I). The Bayesian analyses were performed 
under the same model with four Markov Chain Monte Carlo for 10 million 
generations, and tree sampling every 1000 generations.

Fig. 1. ML tree inferred from DNA barcode (COI-5P) for each species delimited according to the 
GMYC model (red colour). In bold, holotype of Phymatolithon lusitanicum sp. nov. and neotype of 
P. calcareum. The twelve supported lineages of Phymatolithon are indicated; in bold, the European ones. 
Bootstrap values > 60 % are shown for each node. Scale bar: 0.05 substitutions per site 

▲
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Morphological studies

Representative specimens of Phymatolithon lusitanicum and other 
Phymatolithon species from the Atlantic Iberian Peninsula were selected for 
anatomical examination with a scanning electron microscope (SEM, model JEOL 
JSM 6400, Universidade da Coruña, Spain). SEM analyses for specimens from 
Ireland followed Hernandez-Kantun et al. (2014). Particular attention was directed 
towards key features historically used to delimit Phymatolithon species regarding 
habit and growth form, and characters related to the multiporate sporangial 
conceptacles such as external shape and the presence or absence of a conspicuous 
rim (Chamberlain, 1991; Chamberlain & Irvine, 1994; Kaleb et al., 2012). The 
anatomical terms medulla (equivalent to the terms hypothallium and core) and cortex 
(equivalent perithallium and peripheral region) follows Chamberlain & Irvine 
(1994). Cell length is the distance between primary pit-connections, and cell diameter 
is the measurement taken perpendicularly to this across the middle of the cell lumen. 
Conceptacle measurements were taken according to Adey & Adey (1973) and 
Chamberlain & Irvine (1994).

RESULTS

The COI-5P alignment of 177 sequences, including publicly available 
sequences from GenBank and BOLD, ranged from 538 to 664 base pairs (bp), and 
consisted of 46 haplotype sequences with 262 variable sites. The phylogenetic tree 
obtained from the ML analysis of the COI-5P alignment resolved Phymatolithon 
taxa studied into 12 supported lineages, 10 of them corresponding to European 
collections (Fig. 1, Table 1). Infralineage variation (uncorrected p-distance) ranged 
from 0% to 1.8%. The GMYC model of the COI-5P alignment supported the 12 
Phymatolithon lineages, and it estimated a total of 17 putative Hapalidiales species 
with a confidence interval ranging from 16 to 19 taxa. The fit of the likelihood of 
the GMYC model was significantly higher (P < 0.001) than that of a null model of 
uniform coalescent branching rates. The threshold time (estimated depth from the 
branch tips at which the transition from population to species level branching 
patterns occur) was determined at –0.00686 substitutions per site. Both GYMC and 
ML analyses of COI-5P data were congruent in delimiting the maerl collections 
from Atlantic Iberia and western Mediterranean Sea as an independent lineage 
separated from crustose specimens identified as P. lamii. Based on our collections, 
the diversity of Phymatolithon taxa in the European coasts is high (10 putative 
species). It is noteworthy that the two Canadian collections identified as P. lenormandii 
were remotely related to the remaining Phymatolithon included in the analyses 
(Fig. 1). The psbA alignment comprised 42 sequences ranging from 543 to 851 bp, 
with 204 variable sites. It included sequences from the type material of Phymatolithon 

Fig. 2. Phylogenetic tree inferred from ML and BI analyses of psbA sequences of European Phymatolithon 
and publicly available sequences for this genus. In bold, holotype of Phymatolithon lusitanicum sp. nov., 
and type material of P. calcareum, P. lamii, P. laevigatum and Lithothamnion hamelii. Bootstrap ML 
values > 60% and posterior probabilities > 0.60 from Bayesian inference are shown for each node. 
Members of subfamily Melobesioideae were used as outgroup. Scale bar: 0.02 substitutions per site.

▲
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calcareum, P. lamii, P. laevigatum and Lithothamnion hamelii while our attempts to 
amplify the psbA region for the type material of P. lenormandii and P. purpureum 
were unsuccessful. According to the molecular information obtained from type 
material of Phymatolithon lamii, our crustose collections were correctly identified 
(match = 98.9-99.1 %). Among the specimens identified as P. lamii were those 
collected at the type locality of P. purpureum (Fort du Mingant, France, VPF00223 
represented in Fig. 2, together with VPF00222, VPF00225 and VPF00236, 
represented in Fig. 1, Table 1), indicating that the specimens belong to P. lamii and 
not to P. purpureum. Both ML and BI resolved the maerl-forming P. lusitanicum as 
a sister taxon to P. lamii with full support (99%/1 for ML and BI, respectively, 
Fig. 2). The clade of P. lusitanicum comprised collections from the Iberian Peninsula 
as well as maerl specimens from Ireland, the latter included one specimen previously 
assigned to P. purpureum (E28 as JQ896232, E10, E17, E113 and E302, Fig. 2, 
Table 1). Additionally, the paratype of P. laevigatum was closely related to collections 
from Ireland and from the Atlantic coasts of France and Spain, while the lectotype 
of Lithothamnion hamelii was conspecific with the neotype (Falmouth, England) and 
recent collections of Phymatolithon calcareum from Atlantic Europe (Fig. 2, Table 1). 
On the other hand, specimens identified as P. lenormandii from Norway, Ireland and 
Atlantic Spain represented three different clades within the genus Phymatolithon. By 
contrast, New Zealand collections of P. repandum were resolved as unrelated with 
other Phymatolithon species included in our analyses. 

Given the molecular evidence shown above, we proposed to describe the 
new species of maerl as Phymatolithon lusitanicum. 

Phymatolithon lusitanicum V. Peña sp. nov.  Figs 3-21
Diagnosis: Plant unattached, monomerous, scarcely to densely branched 

(Figs 3-11). Epithallial cells disposed in 1 (2) layers, cells domed, 1.5-2.5 µm long 
by 4 µm wide in vertical section (Fig. 14), 5-6 µm in diameter in surface view, 
polygonal with thick walls (Fig. 15). Subepithallial initials as short as or shorter than 
cells subtending them, 2-3 µm long by 4-8 µm wide. Cortex composed of cells 
10-14 µm long by 5-7 µm wide. Cell fusions present (Fig. 14). Secondary pit-
connections absent. Trichocytes absent. Sporangial conceptacles multiporate with a 
white color, without a conspicuous, thick raised rim, sometimes covered by a 
calcified cap (Figs 11, 16, 19), pore plate flushed with surface or slightly sunken, up 
to 30 pores, 130-170 µm in diameter (Figs 17-18). Chambers elliptical, (35) 40-75 
µm high by 70-166 (175) µm wide with roof composed of 2-3 (4) cells, 12-25 µm 
thick (Figs 19-21). Buried conceptacles within the tissue not observed. Sexual 
uniporate conceptacles unknown. 

Morphology: Non-geniculate, unattached, sparsely to densely branched 
(up to fifth-order branching), size ranged 0.20-7.88 cm3, shape mainly discoidal and 
ellipsoidal (Figs 3-11). Colour pink – greyish to pale pink – to purple, texture smooth 
and matt when dried. 

Anatomy: Pseudoparenchymatous, monomerous, and radially organized 
(Figs 12-13). Medullary cells 4-7 µm in diameter, cortical cells 10-14 µm × 5-7 µm. 
The subepithallial initials are as short as or shorter than cells subtending them, 
2-3 µm long by 4-8 µm in diameter (Fig. 14). Each cortical filament produces one 
epithallial cell domed in transverse section; they are 1.5-2.5 µm long by 4 µm wide, 
and are disposed in 1 (2) layers (Fig. 14); in surface view (Fig. 15), epithallial cells 
are 5-6 µm in diameter, polygonal with thick walls of 2-3 µm (Phymatolithon-type 
SEM, as suggested by Chamberlain & Irvine 1994). Fusions cells present between 
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cells of neighbouring filaments, secondary pit connections are absent (Fig. 14). 
Trichocytes are absent. 

Reproductive structures: Sexual uniporate conceptacles not observed. 
Sporangial conceptacles multiporate, white coloured, without a conspicuous, thick 
raised rim, sometimes covered by a calcified cap (Figs 11, 16, 19), pore plate flush 
with surface or slightly sunken, 130-170 µm in diameter, up to 30 pores (Figs 17-18). 
Chambers were found empty, elliptical, (35) 40-75 µm high by 70-166 (175) µm 
wide, roof of mature conceptacles composed of 2-3 (4) cells, 12-25 µm thick 

Figs 3-11. Phymatolithon lusitanicum sp. nov. 3. Phymatolithon lusitanicum mixed with P. calcareum 
and Lithothamnion corallioides at the type locality (Con de Pego, Ría de Vigo, Galicia). 4. Phymatolithon 
lusitanicum forming maerl at 20 m depth (Armaçao de Pêra, Algarve, south Portugal). 5. Intertidal maerl 
of P. lusitanicum in Muckinish, Ireland. 6. Holotype of P. lusitanicum showing an ellipsoidal shape 
(voucher SANT-Algae 29522). 7-8. Discoidal specimens of P. lusitanicum collected in Galicia and the 
Algarve (vouchers SANT-Algae 29547 and SANT-Algae 29517, respectively). 9-10. Collections of 
P. lusitanicum in Alborán Sea, Mediterranean (vouchers SANT-Algae 29506 and SANT-Algae 29508, 
respectively). 11. Maerl branch showing multiporate asexual conceptacles without conspicuous raised 
rim and white pore plate (collection from Armaçao de Pêra, Algarve, south Portugal, SANT-Algae 
29509).
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(Figs 19-21). Tetrasporangia or bisporangia not observed. Buried multiporate 
senescent conceptacles not observed within the thallus. Sporangial conceptacles 
occasionally recorded, from the Algarve collections in May, June and September, 
and from Ireland in autumn (September- November). 

Holotype: voucher CPVP-676 (COI-5P: KC861627; psbA: KC819260), 
Con de Pego, Ría de Vigo, Galicia, Spain; 42º 15.498 N, 8º 45.087 W, 5 m depth, 
collectors V. Peña, I. Bárbara & R. Barreiro, 05-iv-2011, SANT-Algae 29522 (Fig. 6, 
Table 1). Isotypes: CPVP-689 (COI-5P: KC861620; SANT-Algae 29523) and 
CPVP-685 (COI-5P: KC861621; SANT-Algae 29524).

Complementary collections: voucher CPVP-639 (COI-5P: KC861642, 
psbA: KC819258), Playa de Tulla, Ría de Pontevedra, Galicia, Spain, 9 m depth, 
collectors V. Peña, I. Bárbara & R. Barreiro, 07-iv-2011, SANT-Algae 29547 

Figs 12-15. Phymatolithon lusitanicum sp. nov. 12-13. Vertical section of the branch showing a 
monomerous structure (voucher SANT-Algae 29534). 14. Vertical section showing domed epithallial 
cells (e), subepithallial cells as short as or shorter than cells subtending them (s), and cortical cells (c) 
joined by cell fusions (arrows) (voucher SANT-Algae 29534). 15. Surface view of epithallial cells 
polygonal with thick walls (Phymatolithon-type) (voucher SANT-Algae 29510) 
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(Fig. 7); voucher CPVP-478 (COI-5P: KC861630; psbA: KC819253), Armaçao de 
Pêra, Algarve, Portugal, 20 m depth; collectors P. Neves & M. Rodrigues, 02-iii-
2011, SANT-Algae 29517 (Fig. 8); voucher VPF00451 (COI-5P:KT807910), 
Alborán Sea, Mediterranean Sea, 48 m depth, collector INDEMARES project, 24-
ix-2011, SANT-Algae 29506 (Fig. 9); voucher VPF00511 (COI-5P:KT807920), 
Alborán Sea, Mediterranean Sea, 40–44 m depth, collector INDEMARES project, 
22-ix-2011, SANT-Algae 29508 (Fig. 10); voucher SANT-Algae 29509, Armaçao de 
Pêra, Algarve, Portugal, 20 m depth; collectors V. Peña & I. Bárbara, 02-ix-2008, 
(Fig. 11); voucher SANT-Algae 29510, Armaçao de Pêra, Algarve, Portugal, 20 m 
depth; collectors V. Peña & I. Bárbara. 

Etymology: The specific epithet refers to the range of distribution in which 
the species is more abundant, the Lusitania biogeographic province.

Habitat: Phymatolithon lusitanicum mainly occurs subtidally as maerl 
(rhodoliths) in relatively shallow beds in Galicia (4-13 m, Fig. 3), and in Ireland 
(6 m), but deeper in southern Portugal (15-20 m, Fig. 4), in the Mediterranean 
Alborán Sea (40-48 m), and in the-Balearic Islands (54-64 m, Hernandez-Kantun et 
al., 2014, as P. purpureum). The species is uncommonly reported from an intertidal 
bed in Muckinish, Ireland (E302, Table 1, Fig. 5, Hernandez-Kantun et al., 2014, as 
P. purpureum). In Galicia, P. lusitanicum is usually found mixed with P. calcareum 
and Lithothamnion corallioides, and with Mesophyllum sphaericum in the only 
locality where the latter has been reported in the Atlantic Iberian Peninsula. 

Distribution: Ireland (Kingstown Bay, Carraroe beach and Muckinish), 
Atlantic Iberian Peninsula (Galicia and the Algarve), and western Mediterranean Sea 
(Alborán Sea and the Balearic Islands). 

Figs 16-21. Phymatolithon lusitanicum sp. nov. 16. Surface view of multiporate asexual conceptacles 
with calcified cap, without a conspicuous, thick raised rim (voucher E302, SANT-Algae 29597). 17-18. 
Surface view of multiporate asexual conceptacles without a conspicuous raised rim and pore plate flush 
with the surface or slightly sunken (voucher SANT-Algae 29509). 19. Vertical section of a multiporate 
sporangial conceptacle covered by a calcified cap (voucher E302; SANT-Algae 29597). 20-21. Vertical 
section showing multiporate sporangial conceptacles with an elliptical chamber empty and clearly 
laminated, roof composed of 2-3 (-4) cells thick (voucher E302; SANT-Algae 29597).
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Comments: Phymatolithon lusitanicum differs from other Phymatolithon 
species reported from European coasts mainly by the external shape of the multiporate 
asexual conceptacles (pore plate flush with surface or slightly sunken and without a 
conspicuous, thick raised rim), and its unattached habit as maerl/rhodolith. In 
addition, recent collections of P. lamii matched the habit and ecology described in 
the literature (Chamberlain 1991; Chamberlain & Irvine, 1994, Kaleb et al., 2012) 
because they were crustose, epilithic specimens with uniporate sexual and multiporate 
asexual conceptacles appearing initially as deep holes, or more or less flush with 
surface and showing white pore plates at maturity (Figs 22-27). They were collected 
from the intertidal to the shallow subtidal (down to 10 m), in rocky shores but also 
associated with maerl beds in Brittany (Table 1). 

DISCUSSION AND CONCLUSIONS

Phymatolithon lusitanicum is described as the third major maerl-forming 
species in the Atlantic Iberian Peninsula although its distribution range extends to 
subtidal and also intertidal maerl beds from Ireland to Western Mediterranean Sea 
(Alborán Sea and the Balearic Islands). In Galician maerl beds, P. lusitanicum has 
been usually detected mixed with P. calcareum and Lithothamnion corallioides as 

Figs 22-27. Phymatolithon lamii. 22-24. Crustose, epilithic specimens showing conceptacles without 
conspicous raised rim, pore plates white-coloured, initially sunken forming deep holes or flush with 
surface at maturity (vouchers SANT-Algae 29501, SANT-Algae 29477 and SANT-Algae 29491, 
respectively). 25. Vertical section showing medullary (m) and cortical (c) cells, and uniporate sexual 
conceptacle empty (voucher SANT-Algae 29501). 26. Vertical section showing domed epithallial cells 
(e), subepithallial cells as short as or shorter than cells subtending them (s), and cortical cells joined by 
cell fusions (arrow) (voucher SANT-Algae 29498). 27. Surface view of epithallial cells polygonal with 
thick walls (Phymatolithon-type) (voucher SANT-Algae 29498).
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well as Mesophyllum sphaericum, although in southern Portugal it is reported as the 
dominant maerl species (Carro et al., 2014; Pardo et al., 2014, as “Phymatolithon 
sp.3”). Based on this evidence, it is likely that some of the previous records of 
P. calcareum in the Atlantic Iberian Peninsula (Peña & Bárbara, 2008; Hall-Spencer 
et al., 2010), and particularly in southern Portugal (Peña et al., 2009), might be 
actually referred to P. lusitanicum. Likewise, the detection of P. lusitanicum in maerl 
collections from Ireland that had previously been assigned to P. purpureum (E28, 
E113, Hernandez et al., 2014, 2015) suggests that other misidentifications may exist 
in the literature (Adey & Adey 1973; Blunden et al., 1981), and highlights that more 
detailed studies are required to get a better delimitation of these two species and to 
clarify the occurrence of P. purpureum as a maerl-forming species. According to 
Chamberlain & Irvine (1994), P. purpureum is characterized by showing multiporate 
sporangial conceptacles with thick, tyre-like, raised rims up to 100 µm wide. 
Similarly, the Mediterranean maerl collections from the Balearic Islands originally 
assigned to P. purpureum (E242, E245, E269-E270 in Hernández-Kantún et al., 
2014) must be considered P. lusitanicum according to their conspecificity with Irish 
collections (E113), challenging the occurrence of P. purpureum in the Mediterranean. 
According to the evidence presented here and in previous studies that used molecular 
tools to investigate extensive collections of maerl along Atlantic European coasts 
(Carro et al., 2014; Pardo et al., 2014, Hernández-Kantún et al., 2015), P. lusitanicum 
reaches western Ireland in the north but has gone undetected in Britain and France. 
In this regard, the disjunct distribution of P. lusitanicum contrasts with the pattern 
shown by the other two maerl species that typically occur mixed with it and that 
overwhelmingly dominate maerl beds in France and southern Britain (P. calcareum 
and Lithothamnion corallioides). Hence, further research with appropriate molecular 
tools on maerl beds from both regions (Britain, France) are required to clarify the 
discontinuity observed in the range of P. lusitanicum. 

The collections studied here together with results derived from Hernández-
Kantún et al. (2014, 2015) show that Phymatolithon lusitanicum occurs in shallow 
maerl beds in Galicia and in Ireland (even intertidally), while it was found at greater 
depths (from 15-64 m) in Algarve and Western Mediterranean Sea (Alborán Sea, 
Balearic Islands). The migration to greater depths from the Atlantic to the 
Mediterranean is shared with other Atlantic maerl-forming taxa recorded in the 
Mediterranean (P. calcareum, Lithothamnion corallioides, Mesophyllum sphaericum) 
as well as with other non-geniculate species (M. expansum (Philippi) Cabioch & 
M.L.Mendoza) (Ballesteros, 1988; Bressan & Babbini 2003; Peña et al., 2015). In 
agreement with the predominance of sterile specimens typical of the main maerl-
forming species reported in temperate Atlantic European beds (P. calcareum, 
L. corallioides), P. lusitanicum rarely showed reproductive structures in our 
collections. Nonetheless, we still were able to detect multiporate sporangial 
conceptacles in some collections of P. lusitanicum from southern Portugal (May, 
June and September) and from Ireland (September - November). In the literature, 
previous records of sexual uniporate conceptacles in crustose forms of P. calcareum 
(Mendoza & Cabioch, 1998) were recently confirmed with DNA barcodes (Peña et 
al., 2014), which also suggested that vegetative multiplication by fragmentation 
could be the main mechanism of propagation in maerl beds.

Our molecular results that included the lectotype of P. lamii and the paratype 
of P. laevigatum allowed us to delimit P. lusitanicum by an integrative systematic 
approach. The three species shared a common external morphology of multiporate 
asexual conceptacles. However, P. lamii and P. laevigatum have never been reported 
as maerl-forming taxa (Adey & Adey, 1973; Chamberlain, 1991; Chamberlain & 
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Irvine, 1994). The sequence from the paratype of P. laevigatum was resolved as 
closely related to recent collections from Ireland and Atlantic coasts of France and 
Spain. This species was described from Helgoland (Germany), and has been reported 
as epilithic crusts that have multiporate sporangial conceptacles with a thickened 
rim, somewhat raised, and pore plate flush with surface, sunken or slightly raised, 
up to ca. 5 cells thick (Chamberlain & Irvine 1994). The present study also confirms 
literature records of P. lamii in intertidal and subtidal rocky shores along the Atlantic 
Iberian Peninsula (Ardré, 1970; Chamberlain & Irvine, 1994), being Algarve and 
Cádiz the southernmost localities. To date, P. lamii has been found only epilithic as 
a crustose growth-form, even in locations where it was found in maerl beds. 
Moreover, this is the first time that P. lamii is reported for subtidal maerl in Brittany 
(Adey & Adey, 1973; Chamberlain, 1991; Chamberlain & Irvine, 1994). Finally, the 
comparison of our sequences from the type material of P. lamii with one specimen 
from NW Atlantic identified as P. rugulosum (voucher US170942) does not support 
the synonymization of these species proposed in Chamberlain (1991). Phymatolithon 
rugulosum was described by Adey (1964) from the Gulf of Maine, the same locality 
of our collection, but DNA sequences from its type material will be needed to draw 
more definitive conclusions. 

Our phylogenetic analyses resolved the new maerl species P. lusitanicum 
and the crustose P. lamii as a sister taxon with full support, indicating that both 
species share a very recent common ancestor. Furthermore, the presence of crustose 
P. lamii in subtidal maerl beds of Brittany suggests that the speciation event is 
correlated to two clearly delimited growth forms able to live under similar ecological 
conditions. Moreover, P. lusitanicum and P. lamii were resolved in a separate clade 
distantly related to other European Phymatolithon species that included the generitype 
P. calcareum. 

An additional result derived from our molecular analyses is that P. calcareum 
and Lithothamnion hamelii must be regarded as conspecific. Importantly, this 
conclusion is based on sequence information obtained from neotype and lectotype 
material, respectively. Marie Lemoine (1931) described L. hamelii but the lectotype 
material was designated more recently by Woelkerling & Lamy (1998). According 
to the priority principle of the International Code of Nomenclature (article 11, ICN 
2012), we propose L. hamelii as a heterotypic synonym of P. calcareum. Contrary 
to the common habit of P. calcareum as maerl, the lectotype of L. hamelii was an 
epilithic, crustose specimen collected by dredge in La Rance, Saint Servan (France) 
by Robert Lami in 1930. Apart from L. hamelii, Marie Lemoine (1931) reported 
other Melobesioideae species in Saint Servan such as P. calcareum, also subtidally 
in the same locality. 

Finally, our COI-5P analyses revealed that Phymatolithon contains a high 
diversity of species in Atlantic European coasts with up to 10 supported lineages, 
while only seven are reported in the literature (Guiry & Guiry, 2015). In addition, 
the analyses of COI-5P and psbA resolved several lineages for which specimens 
were not identified up to the species level, while other lineages encompassed 
specimens assigned to different species name. Further efforts in sequencing type 
material from other European species that failed in the present study (Melobesia 
lenormandii and Lithothamnion purpureum) will be required to provide an appropriate 
taxonomic baseline to clarify their identity. Alternatively, recent topotype material 
could be selected, but it should be studied with caution given the frequent co-
occurrence of several Phymatolithon species in the same habitat. This observation 
has been pointed out in the literature (Chamberlain & Irvine, 1994), and has been 
confirmed in the present study where specimens collected in the intertidal of the type 
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locality of P. purpureum belonged to P. lamii. The presence of different clades with 
the name P. lenormandii and the absence of a DNA sequence from the type material 
cannot guaranty that the actual species is represented in our phylogeny. In addition, 
collections identified as P. lenormandii from Canada and P. repandum from New 
Zealand were resolved unrelated with other Phymatolithon taxa that, importantly, 
comprised sequences derived from type material for the generitype (P. calcareum). 
Hence, the inclusion of these taxa in our data set strongly suggests that the current 
concept and definition of the genus Phymatolithon and its relationship with related 
genera (e.g. Lithothamnion, Mesophyllum) requires further evaluation. 

Our understanding of the diversity of non-geniculate coralline algae in 
Europe has been much improved in the last five years by with new DNA and 
morpho-anatomical data; as a result, two new species are now added as maerl-
forming: Phymatolithon lusitanicum and Mesophyllum sphaericum. Previous reports 
that describe P. calcareum and Lithothamnion corallioides as the major builders of 
maerl beds in Europe need to be updated in both European and national legislation 
in order to ensure appropriate protection of these sensitive biogenic habitats. 
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