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DISTRIBUTION AND GENETIC VARIATION OF TWO
BIOCONSTRUCTOR CORALLINE ALGAE (LITHOPHYLLUM
BYSSOIDES (LAMARCK) FOSLIE AND L. STICTAEFORME
(ARESCHOUG) HAUCK) ALONG THE ITALIAN COASTS

Abstract

Coralline red algae represent a worldwide component of hard-bottom coastal communities,
where they play a key role in many ecological processes. Some species are ecosystem engineers
that produce biogenic platforms, reefs and other calcified structures providing a wealth of
habitats for many other species, especially in temperate seas. In the Mediterranean Sea these
bioconstructions are widespread and occur both in the littoral zone (trottoirs of Lithophyllum
byssoides) and in the sublittoral zone (coralligenous bottoms, where coralline algae are one of
the main constituents). A detailed knowledge of their distribution and composition is essential for
their conservation, but molecular data assessing taxonomic identity and population structure in
corallines are extremely limited. The distribution and genetic variation in two important
bioconstructor corallines, Lithophyllum byssoides and L. stictaeforme (Corallinales,
Corallinaceae) are investigated using sequences of the plastid psbA gene and mitochondrial
cox2,3 spacer. Populations of L. byssoides occur on all parts of the Italian coastline where rocky
shores exist and the molecular data show that Mediterranean populations of this species
represent a sister lineage to Atlantic populations. L. stictaeforme is widespread along the Italian
shores, particularly along the Ligurian and Tyrrhenian sides. In molecular phylogenies
Mediterranean populations of L. stictaeforme form a well-supported clade, to which North
Atlantic Lithophyllum spp. are the closest relatives. Overall the results indicate a high genetic
variability in these species, with the possible existence of cryptic species.

Key-words: Bioconstructions, coralline algae, Italy, Lithophyllum, molecular phylogeny.

Introduction

The Mediterranean Sea is the largest (2,969,000 km?) and deepest (average 1,460 m,
maximum 5,267 m) enclosed sea on Earth (Coll et al., 2010). Its geological and
hydrological diversity, determined by the complex geological history of this basin from
the Mesozoic era (250 mya), has favoured the establishment of a large biological
diversity, with approximately 17,000 species recorded (Coll et al., 2010).

Marine bioconstructors are algal or animal species producing rigid structures (usually
calcified bodies, tubes or shells) that, accumulating over time, form new substrata. The
accumulation of these structures modifies the features of the bottom and produces new
surface available for the settlement of other benthic organisms. The surface of the
substratum is formed by living organisms and resides above multiple layers of dead
biomass, which is usually colonized by boring animals. Bioconstructors are therefore
habitat-building organisms and contribute substantially to the high biodiversity of the
environments where they occur. Although bioconstructor species exist in every sea, in the
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Mediterranean they play a crucial role, because substrata produced by biological activity
reach here a spatial and bathymetric extent unknown in other seas.

Although numerous species of seaweeds and animals are able to act as habitat builders,
coralline red algae (orders Corallinales and Sporolithales) are the uncontested leaders of
temperate marine bioconstruction. These organisms occur in every coastal ecosystem
where stable surfaces are present and contribute significantly to the formation and
consolidation of hard substrata. In the Mediterranean, encrusting corallines are the
builders of two key habitats. Coralligenous concretions, which occupy large portions of
the deep infralittoral and circalittoral zone, are produced by growth of encrusting
corallines and other red algae (Lithophyllum stictaeforme, Mesophyllum alternans,
Neogoniolithon mamillosum, Peyssonnelia rosa-marina) (Ballesteros, 2006).
Lithophyllum byssoides a species typical of the mid littoral zone, forms hemispherical
bulky thalli that in optimal conditions coalesce and grow producing rims up to 3 m thick
called “trottoirs” (Verlague 2010). These habitats are now threatened by multiple
anthropic stressors (Piazzi et al., 2012; Ponti et al., 2014). A detailed knowledge of the
taxonomic circumscription, genetic variation and population connectivity of the
bioconstructor species that produce them is essential for their management, but
unfortunately this information is currently lacking. In general, the body of molecular data
available for coralline algae is still relatively limited and the most important studies on
this topic have been published in recent years (e.g., Broom et al., 2008; Bittner et al.,
2011). As part of a project focused on the bioconstructions of Italian shores, we are
currently investigating the distribution and genetic structure of Lithophyllum byssoides
and Lithophyllum stictaeforme along the coasts of Italy. We present here some results
based on analysis of sequences of the plastid psbA gene and mitochondrial cox2,3 spacer.
These results will be integrated by additional data to be presented in future studies, for
which the work is currently in progress.

Materials and methods

Samples of Lithophyllum byssoides and Lithophyllum stictaeforme were collected by
snorkelling or SCUBA diving as follows: L. byssoides: Gallinara Island, Italy, 13/06/2013
(34 thalli); L.stictaeforme: Gallinara Island, Italy, 14 June 2013 (4 thalli); Portofino, Italy,
28 June 2013 (28 thalli); Trezze of Gulf of Trieste, Italy, 5 October 2013; Voula Beach,
Athens, Greece, 11 September 2011 (2 thalli). The samples were air-dried and subsequently
placed in bags with silica gel for permanent storage. DNA was extracted following the
modified protocol of the QIAGEN DNeasy Blood & Tissue Kit ® (QIAGEN, Crawley,
U.K.) by Broom et al. (2008). PCR amplification of the psbA gene was performed
following the protocol of Bittner et al. (2011). PCR amplification of the cox2,3 spacer was
performed following the protocol of Hernandez-Kantun et al. (in press, a). PCR products
were visualized and quantified in 1.5% agarose gels stained with GelRed™ (Biotium,
Hayward, CA, USA) using Low DNA Mass Ladder (Invitrogen, Carlsbad, CA, USA) as
reference under UV. The products of successful reactions with expected length and yield
were purified and sequenced commercially (Macrogen, Amsterdam, The Netherlands).
Phylogenetic analyses were performed separately on a psbA dataset (844 bp) and on a
cox2,3 dataset (326 bp) formed by sequences of Corallinaceae belonging to the subfamily
Lithophylloideae. Besides new sequences generated in this study, the psbA dataset
consisted of sequences retrieved from GenBank and sequences from Hernandez-Kantun
et al. (in press, b); Spongites yendoi DQ167869 and Hydrolithon onkodes AB576036 were
the outgroup taxa. The psbA alignment did not contain any gaps and its correctness was
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checked verifying that no stop codons occurred in the protein translation. The cox2,3 dataset
was obtained by adding the new sequences to the dataset of Hernandez-Kantun et al.
(in press, a), in which Lithophorella sp. KJ801362 was the outgroup taxon. The two
datasets were aligned using Clustalw?2 in Mega version 5. Neighbour Joining (NJ) distance
analyses were performed also in Mega version 5 using uncorrected p-distances. Maximum
Likelihood (ML) analyses were performed using RAXML 1.3 (Mac version) with the GTR
(General Time Reversible) model with gamma distribution and invariant sites. Statistical
support was estimated by Bootstrap (BP) analyses with 1000 resamplings.

Results

Thalli of Lithophyllum byssoides were collected in the mid littoral zone on the
northeastern side of Gallinara Island, where this species occurred as numerous
hemispherical thalli, 5-10 cm wide, and did not produce well-developed trottoirs.
Lithophyllum stictaeforme was common in the infralittoral and circalittoral zones at the
sites surveyed, ranging in depth from 20 to 50 m.

In the psbA phylogeny, Lithophyllum byssoides formed a clade with robust BP support,
in which two well-supported sister lineages reflected a biogeographical separation
between Atlantic and Mediterranean (Fig. 1). The Atlantic lineage was formed by two
samples from Cadiz and La Corufia (Spain), whereas the Mediterranean included two
samples from Gallinara and the GenBank sequence GQ917720 (obtained from a sample
from Banyuls-sur-Mer, Mediterranean France). The highest uncorrected pairwise
divergence was 4.38% (Gallinara 15 vs. La Corufia JQ896251).

In the psbA phylogeny, Lithophyllum stictaeforme formed a well-supported monophyletic
group (Fig. 1), which belonged to a larger clade including also samples of Lithophyllum
from Atlantic Europe and the Mediterranean. A biogeographical separation was evident
within the L. stictaeforme group: a well-supported lineage consisted of samples from the
western Mediterranean (Gallinara and Portofino); sister to it was a lineage of eastern
Mediterranean samples (Gulf of Trieste and a sample from VVoula Beach, Athens, Greece).
The highest pairwise divergence within L. stictaeforme was 4.2% (Portofino/Gallinara vs.
Greece). GenBank sequences of L. stictaeforme from other geographical regions
(FJ361442, New Zealand) were not closely related to Mediterranean L. stictaeforme and
should be referred to a different species.

The cox2,3 analyses yielded results in agreement with the psbA results (Fig. 2). Again, both
L. byssoides and L. stictaeforme formed well-supported lineages. For L. byssoides, samples
from Gallinara formed a sister lineage to a sample from Atlantic Spain (pairwise divergence:
22.49%). L. stictaeforme was sister to a group of Lithophyllum samples from Atlantic Europe.

Discussion

Lithophyllum byssoides is a well-defined species, characterized by its superficial
anastomosed lamellae, slightly protruding conceptacles and mid littoral habitat. Its
morphology is homogeneous throughout its geographical range and does not reflect the
clear genetic differentiation between Atlantic and Mediterranean specimens unravelled
by our analyses. The unexpectedly high divergence in the psbA sequences suggests that
the recognition of the Mediterranean and Atlantic lineages as different species may be an
appropriate solution, but this requires corroboration based on additional samples from
other regions. If this solution is adopted, the correct identity of L. byssoides would become
a major taxonomic problem because the type locality is dubious (supposedly the English
Channel, where this species, however, does not occur). Lithophyllum stictaeforme is
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Lithophyllum stictaeforme Italy-Gallinara2
Lithophyllum stictaeforme Italy-Portofino16
Lithophyllum stictaeforme Italy-Gallinara3
Lithophyllum stictaeforme Italy-Portofino10
Lithophyllum stictaeforme Greece-Athens E261
Lithophyllum stictaeforme Italy-Trieste7
Lithophyllum stictaeforme Italy-Trieste8
Lithophyllum sp. 1 Atlantic France E137
ﬁ Lithophyllum sp. 1 Mediterranean France E132
[ |

Lithophyllum sp. 1 Ireland E35

Lithophyllum cf. dentatum Mediterranean Spain E152

Lithophyllum cf. dentatum Cadiz Spain E219
Lithophyllum sp. 2 Ireland E211
Lithophyllum sp. 2 Atlantic Spain E§9

L Mediterranean Spain E238

Lithophyllum sp. 3 Ancona Italy E263

Lithophyllum orbiculatum Atlantic France E222

Lithophyllum byssoides Cadiz Spain JQ896252
Lithophyllum byssoides Coruiia Spain JQ896251
Lithophyllum byssoides France GQ917720
Lithophyllum byssoides Italy-Gallinaral5
Lithophyllum byssoides Italy-Gallinara2

Lithophyllum cf. margaritae Mexico JQ896253

Amphiroa rigida Mexico E96

Lithophyllum cf. margaritae Mexico JQ896235

Lithophyllum stictaeforme New Zealand FJ361442

Spongites yendoi DQ167869

Hydrolithon onkodes AB576036

0.007 substitutions/site

Fig. 1: Phylogeny of the psbA gene in the subclass Lithophylloideae inferred by NJ analysis.
Sequences of Lithophyllum byssoides and L. stictaeforme are indicated in bold. Thick lines
indicate branches receiving high support in bootstrap analyses (>80% BP for both ML and NJ).
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E121 Gulf of California, Mexico
{El 18 Gulf of California, Mexico
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E334 Gulf of California, Mexico
E59 Gulf of California, Mexico

E311 Pacific, Mexico
E64 Gulf of California, Mexico
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{ Lithophyllum sp. E337 Gulf of California, Mexico
Lithophyllum sp. E104 Gulf of California, Mexico

Amphiroa rigida E96 Caribbean, Mexico
Lithophyllum sp. N33 Bocas del Toro, Panama

=l Lithophyllum sp. N17 Bocas del Toro, Panama
Titanoderma sp. E283 Italy

Titanoderma postulatum E233 Ireland

Lithophyllum stictaeforme Italy-Portofino10

Lithophyllum stictaeforme Italy-Gallinara2

Lithophyllum stictaeforme Italy-Gallinara3

Lithophyllum stictaeforme Italy-Portofinol6
Lithophyllum sp. 1 E25 Ireland

Lithophyllum sp. 1 E138 France
Lithophyllum sp. 2 E273 UK
Lithophyllum sp. 2 E158 Ireland
Lithophyllum sp. 2 E153 France
Lithophyllum byssoides E72 Spain

Lithophyllum byssoides Italy-Gallinara2
Lithophyllum byssoides Italy-Gallinaral 8

Lithophorella sp. N34 Bocas del Toro, Panama

0.04 substitutions/site

Fig. 2: Phylogeny of the cox2,3 in the subclass Lithophylloideae inferred by NJ analysis.
Sequences of Lithophyllum byssoides and L. stictaeforme are indicated in bold. Thick lines
indicate branches receiving high support in bootstrap analyses (>80% BP for both ML and NJ).
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widespread in the Mediterranean Sea, but its taxonomic status is not settled (there is no
general agreement whether Lithophyllum cabiochae should be considered a synonym or
a separate species from it). Even for this species our analyses indicate a possible
biogeographic separation, in this case between western and eastern Mediterranean
populations. Overall, our results show a high genetic variation in L. byssoides and L.
stictaeforme, and suggest that geographic distributions reflect molecular phylogenetic
patterns better than morphological data. Recent studies for other coralline algae are
delineating a similar scenario (Hernandez-Kantun et al., in press a, in press b).

Again, the addition of samples from other geographical regions will be essential to obtain
an accurate taxonomic circumscription and a detailed assessment of the phylogeography
of these two important bioconstructor species. We are currently processing collections
obtained from other sites of the Italian coasts, which will allow to draw stronger
conclusions in forthcoming studies.
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