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ABSTRACT

Every introduction of a non-indigenous species (NIS) in coastal environments poses a threat to the native species
and communities, as its effects in the ecosystem are not readily predictable. Introduction rates have kept
increasing in the last decades, and our finding of the brown alga Mutimo cylindricus in the Canary Islands is
another example of this general trend. This work represents the first record of the species outside its native range
(Japan, Korea and the Philippines) in half a century, since its report in 1973 in Baja California, and marks the
first report of M. cylindricus in the Atlantic Ocean. We analyzed the morphology of a male gametophyte observed
in the Canary Islands and its phylogenetic relationship with other known populations using rbcL and cox3 genes.
The morphology of M. cylindricus in the Canary Islands is consistent with previous descriptions and the phylo-
genetic analyses revealed the close relationship with native populations from Japan. The finding of a male
gametophyte is noteworthy, as introduced and some native populations of this species are composed exclusively
by female gametophytes and thought to be parthenogenic, whereas androgenesis is considered rare in the field.
Maritime traffic appears as the most apparent introduction vector of the species and it seems plausible that
microscopic crustose sporophytes were present near the collecting site, highlighting the need of further moni-

toring of the invasive potential of this species in the Atlantic Ocean.

1. Introduction

The introduction of non-indigenous species (NIS) in marine habitats
is a continuous process of species translocations that either intentionally
or accidentally, directly or indirectly, involves human mediation
(Streftaris et al., 2005). In the last decades, there has been an increase in
the rate of introduction of marine NIS globally (Bailey et al., 2020), and
every new introduced species poses a threat to native ecosystems as they
can potentially become invasive, driving ecological changes that can
lead to severe socioeconomic impacts (Pysek et al., 2020). Early detec-
tion of NIS is crucial in order to manage their spread and impacts
(Giakoumi et al., 2019); however, this task is usually hampered by the
difficulties in species identification and taxonomic uncertainties in some
groups (Hutchings, 2018). This applies especially to marine macroalgae,
a group where molecular analyses are continuously revealing a high
diversity of undescribed and cryptic species (Mclvor et al., 2001; Zanolla
et al., 2022) leading to changes in our understanding of its taxonomy
and constantly updated geographic distributions (Golo et al., 2023).

An example of recent taxonomic changes is the family Cutleriaceae, a
small group of brown algae (Phaeophyceae) that comprises only 14
species belonging to the genera Cutleria and the monotypic Zanardinia
and Mutimo, which are mostly distributed in temperate and warm-
temperate waters around the world (Guiry and Guiry, 2023). Most of
these species are either known only from their original descriptions, or
have restricted distributions and are recorded as introduced in part of
their distribution range, such as Cutleria multifida (Turner) Greville and
Mutimo cylindricus (Okamura) H. Kawai & T. Kitayama (Kogishi et al.,
2010; Miller et al., 2011; Kawai et al., 2016). In the Atlantic Ocean,
Cutleriaceae are represented by Zanardinia typus (Nardo) P.C. Silva and
six Cutleria species: C. adspersa (Mertens ex Roth) De Notaris, C. chilosa
(Falkenberg) P.C. Silva, C. multifida, C. compressa Kiitzing, C. laminaria
Kiitzing and C. pardalis De Notaris, and the original descriptions are the
only published data available for three latter (Guiry and Guiry, 2023). In
particular, in the Canary Islands only three species are reported up until
now, C. chilosa, C. multifida and Z. typus, all three considered native
(Gobierno de Canarias, 2023) and exhibiting flat or compressed
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morphology (Cormaci et al., 2012). However, recent surveys in the ar-
chipelago have allowed the detection of a species of Cutleriaceae with a
distinct cylindrical morphology, which we herein aim to identify based
on a combined morphological and molecular approach. This study
represents the first record of Mutimo cylindricus outside its native range
of Japan, Korea and the Philippines (Okamura, 1902; Cotton, 1906;
Silva et al., 1987) in half a century, since its report in 1973 in Baja
California (Hollenberg, 1978), and marks the first report of
M. cylindricus in the Atlantic Ocean.

2. Material and methods

A single individual of Mutimo cylindricus was collected by hand in
Tenerife (Canary Islands) (Teresitas Beach; 28.509099°N,
16.181009°W) on 26 March 2022, growing on a surface buoy, and
immediately transported in a cooler with seawater to the laboratory (ca.
20 km away). A subsample was preserved in silica gel for molecular
analysis and the remaining material was fixed in a 4 % formalin-
seawater solution for morphological analysis. A voucher was subse-
quently deposited in the herbarium of the University of La Laguna, Ca-
nary Islands, Spain, TFC Phyc 16432. Morphological identification was
based on habit and external morphology, observed under a Leica EZ4
stereomicroscope (Leica Microsystems, Germany), and on the anatomy,
using a Leica DM750 microscope (Leica Microsystems, Germany). Total
genomic DNA was extracted using DNeasy PowerPlant Pro Kit (Qiagen,
Germany) according to manufacturer’s instructions, and subsequently
purified with DNeasy PowerClean Pro Cleanup Kit (Qiagen, Germany).
Mitochondrial cytocrome oxidase subunit III (cox3) and chloroplastic
ribulose-1,5-bisphosphate carboxylase/oxigenase large subunit (rbcL)
were amplified following Mattio et al. (2008) and Bittner et al. (2008).
PCR products were purified using QIAquick PCR Purification Kit (Qia-
gen, Germany) following manufacturer’s recommendations, and
sequencing was performed at Eurofins Genomics Europe.

A concatenated alignment of 17 species (16 ingroup and 1 outgroup)
and 32 sequences (15 cox3 and 17 rbcL) was constructed including the
newly generated sequences in addition to all publicly available se-
quences of Cutleriaceae in GenBank for those markers (see Table S1 in
supplementary material). The sequences were aligned using Clustal
Omega and manually curated. For each gene, the best-fitting nucleotide
substitution model was selected using jModelTest 2.1.7 (Darriba et al.,
2012) with Akaike Information Criteria. Maximum Likelihood (ML)
analysis was performed using RAXML 8.2.11 in Geneious Prime 2023.1.2
(Dotmatics, UK). A rapid bootstrap analysis and search for the
best-scoring ML tree was performed for one single run with 1000
bootstrap replicates under GTR+G+I model partitioned for each gene.
Bayesian Inference analysis was performed using MrBayes 3.2.7 imple-
mented at the CIPRES Science Gateway 3.3. (Miller et al., 2010). Two
independent runs of four chains of Markov chain Monte Carlo iterations
were run simultaneously for 10° generations, sampling every 100 gen-
erations and a 10 % burn-in, under GTR+G+I model partitioned for each
gene.

3. Results and discussion

The individual of Mutimo cylindricus observed in the Canary Islands
was up to 12 cm in total length and yellow brown in color. The specimen
was attached to the substratum by a small conical holdfast from which
two erect main axes were formed. Main axes were cylindrical, up to 1.6
mm in diameter, tapering towards the basal and apical parts, regularly
dichotomously branched (Fig. 1a), with slender apices up to 140 ym in
diameter and bearing deciduous assimilatory hairs in the apical por-
tions. The typical trichothallic growth was observed, with turfs of hairs
up to 1.8 mm long and 17 pm in diameter in the apices (Fig. 1b) that
were initially uniseriate and became multiseriate by longitudinal di-
visions of the cells (Fig. 1c). In cross-section, the main axes showed the
parenchymatous structure, with a medulla of round cells up to 36 pm in
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Fig. 1. Morphology of male gametophyte of Mutimo cylindricus collected in the
Canary Islands. a) Habit. b) Detail of an apical portion, showing the apical hair
turf and deciduous assimilatory hairs. c¢) Detail of assimilatory hairs with uni-
seriate and multiseriate portions. d) Cross-section of an apical portion of the
thallus showing the parenchymatic structure. e) Detail of a fertile filament
bearing spermatangia in different maturity stages. Scale bar: a =3 cm; b
=1mm; ¢, e =100 um; d = 200 pm.

diameter that could become hollow in the center, and were surrounded
by a layer of smaller, heavily pigmented cortical cells (Fig. 1d). All these
morphological characters were congruent with the description of
M. cylindricus, except for a smaller thallus size compared to descriptions
from other regions (Okamura, 1902; Hollenberg, 1978).

The collected individual was a male gametophyte, with abundant
sori scattered up to 2/3 of its total length, formed by dense turf of fertile
filaments, each bearing several pale, cylindrical plurilocular sporangia
(Fig. 1e). The finding of a male gametophyte is noteworthy, since the
introduced populations in Baja California are composed exclusively by
female gametophytes, and are thought to be parthenogenic, as some
populations in Japan (Kogishi et al., 2010). Androgenesis is known to
take place in laboratory conditions, but it is considered rare in the field
(Kitayama et al, 1992). The development of gametophytes in
M. cylindricus is highly seasonal, being reported only during the cold
months, from late winter to early spring (Lee et al., 2001; Kim et al.,
2008; Miller et al., 2011). This pattern was also observed in this study as
the specimen was found in March, following the lowest annual sea
surface temperature values in the Canary Islands (Barton et al., 1998).

Phylogenetic analyses confirmed the identity of Mutimo cylindricus,
as the sequences from the Canary Islands clustered together with the
sequences from Japan and South Korea in a fully supported clade
(Fig. 2). The new sequences showed 99.9 % (rbcL) and 100 % (cox3)
identity with available M. cylindricus sequences. The cox3 gene has
previously been used for population genetics in this species, and our
sequence is identical to haplotypes detected only in Japan according to
Kogishi et al. (2010), pointing to a direct introduction from its native
range. Finding an Asiatic species in the Atlantic Ocean is not as un-
common as it might appear, as similar events have happened in the past.
For example, Papenfussiella kuromo (Yendo) Inagaki, Grateloupia imbri-
cata Holmes and Pachymeniopsis gargiuloi S.Y. Kim, Manghisi, Morabito
& S.M. Boo, whose native distribution spans Japan and China, were
observed in the Canary Islands between the early 90s and late 2000
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Halosiphon tomentosus [Helgoland, Germany]

Saccorhiza polyschides [Roscoff, France]
Mutimo cylindricus [Shikanoshima, Japan]
Mutimo cylindricus [Hodong, South Korea]
Mutimo cylindricus [Otsuku, Japan]

I Mutimo cylindricus [Shimoda, Japan]
Mutimo cylindricus [Canary Islands, Spain]

93/ "

Cutleria adspersa [Yakushima, Japan]
Cutleria adspersa [Onyu, Japan]

-/0.7

Zanardinia typus [Catalunya, Spain]

i Cutleria multifida [Cannes, France]
a5 Cutleria multifida [Sekumi, Japan]
g7p Cutleria multifida [Carna, Ireland]

b

0.05

Cutleria multifida [Coobowie Australia]
1S cutleria chilosa [Catania, Italy]
87/0.9'

Cutleria chilosa [Patras, Grece]
Cutleria chilosa [Lesbos, Grece]

Fig. 2. Phylogenetic tree of a concatenated cox3 and rbcL partial genes of Cutleriaceae. Numbers at nodes indicate bootstrap values of Maximum Likelihood (ML)

analysis (right) and posterior probabilities of Bayesian Inference (BI) analysis (left).

(Martin et al., 1996; Garcia-Jiménez et al., 2008). The detection rate of
introduced species has been increasing in the Canary Islands since the
90s, and it is reported that about 10% of the non-indigenous marine
species observed in this region come from the NW Pacific (Castro et al.,
2022). Many of those have been discovered in or near marinas in this
archipelago in the past (Afonso-Carrillo et al., 2003), which has partially
been explained by the high international maritime traffic of the main
ports of the archipelago (Castro et al., 2022). Our study site (Teresitas
Beach) is <5 km away from the main harbor in Tenerife (i.e. Santa
Cruz), where other macroalgae, such as Predaea huismanii Kraft, have
first been detected (Sanson et al., 1991). Thus maritime traffic appears
as the most apparent introduction vector of M. cylindricus in the Canary
Islands.

Mutimo cylindricus is not considered an invasive species in California,
where it is well established since 1973, as it has kept a limited distri-
bution and has not caused ecological disturbances over 50 years (Miller
etal., 2011). Species traits and previous invasive history have been used
to predict its behavior in a new introduction event (Nyberg and Wal-
lentinus, 2005; Sara et al., 2013). However, the extrapolation of these
results requires caution, as the conditions are not equal in every envi-
ronment nor in every introduction event, and could lead to disparate
consequences (Geburzi and McCarthy, 2018). Even though only a single
specimen was detected in the Canary Islands, it seems plausible that
microscopic crustose sporophytes were present near the collecting site as
they are easily overlooked, highlighting the need of further monitoring
of the invasive potential of this species in the Atlantic Ocean.
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