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Abstract

The brown seaweed Rugulopteryx okamurae is currently included in the list of invasive alien species of European Union con-
cern due to its rapid expansion that is causing both ecological and economic impacts. In this study, we report the first record of R. 
okamurae in the Southern Adriatic Sea, off the coast of Bari, Italy, currently representing the easternmost limit of its distribution 
in the Mediterranean Sea. Morphological observations combined with rbcL and psbA sequence analyses confirmed the taxonom-
ic identification. Field surveys carried out between April 2023 and January 2024 highlighted the conspicuous occurrence of R. 
okamurae over a total surface of approximately 6.5 ha. Two main human-mediated pathways occurring near the sites of the first 
observation of the alien species may have been responsible for its introduction: the trade in living organisms for human consump-
tion and maritime transport related to the proximity of the port of Bari to the invaded area. Future studies will aim to identify and 
implement practical, cost-effective management strategies to mitigate this alarming bioinvasion.

Keywords: alien species; biological invasions; Italy; Non-indigenous macroalgae; psbA; rbcL; coastal habitat monitoring; 
Mediterranean.

Introduction

The massive loss in marine biodiversity happening 
worldwide can be partially attributed to biological in-
vasions due to Non-Indigenous Species (NIS), which 
represent part of the global changes occurring in the last 
decades (Bax et al., 2001; Galil et al., 2014). To date, 
more than 1,000 alien species have been reported in the 
Mediterranean Sea, over 200 of which are macroalgae 
(Verlaque & Breton, 2019). Evidence of ecosystem al-
teration at the Mediterranean scale due to invasive sea-
weeds has been observed in the case of several macroal-
gae, including the red algae Asparagopsis armata Harvey 
(Boudouresque & Verlaque, 2002; Guerra-García et al., 
2012), A. taxiformis (Delile) Trevisan (Navarro-Barranco 
et al., 2018), Womersleyella setacea (Hollenberg) R.E. 
Norris (Bedini et al., 2015), Lophocladia lallemandii 
(Montagne) F. Schmitz (Ballesteros et al., 2007), Melan-
othamnus japonicus (Harvey) Díaz-Tapia & Maggs 2017 
(Wolf et al., 2018; Rindi et al., 2020), as well as the green 
algae Caulerpa cylindracea Sonder (Alomar et al., 2016) 
and C. taxifolia (M. Vahl) C. Agardh (Bellan-Santini et 
al., 1996).

In the last decade, the brown alga Rugulopteryx oka-
murae (E.Y. Dawson) I.K. Hwang, W.J. Lee & H.S. Kim 
(Heterokontophyta, Dictyotales) has caused increasing 
concern in the Mediterranean Sea. It represents a se-
rious threat to the conservation of coastal ecosystems 
with relevant social, tourist, and economic implications 
(García-Gómez et al., 2020). Originally described from 
the temperate western Pacific Ocean (Hwang, 1994), R. 
okamurae was spotted for the first time in 2002 in the 
Thau Lagoon (France) where it was most likely intro-
duced through the import of the Japanese oyster Magalla-
na gigas (Thunberg 1793) for mariculture purposes (Ver-
laque et al., 2009). Since 2015, a massive proliferation 
of R. okamurae has been observed on both sides of the 
Strait of Gibraltar and the Alboran Sea (Altamirano et al., 
2020). Subsequently, the species has continued its expan-
sion eastwards, along the French coast of Provence (Ruit-
ton et al., 2021), and westwards, up to the Azores (Faria 
et al., 2022) and Madeira (Bernal-Ibáñez et al., 2022), 
in the northeastern Atlantic. In June 2023, R. okamurae 
was found in the Gulf of Palermo, along the northwestern 
coast of Sicily, Italy (Bellissimo et al., 2024).

Since its arrival in the Mediterranean Sea, this species 

Research Article
Mediterranean Marine Science
Indexed in WoS (Web of Science, ISI Thomson) and SCOPUS
www.hcmr.gr
DOI: https://doi.org/10.12681/mms.36947



699Mediterr. Mar. Sci., 25/3, 2024, 698-708

has become dominant on rocky bottoms in several areas, 
replacing the native communities and affecting the con-
servation status of coastal ecosystems (García-Gómez et 
al., 2021a). For instance, in the Strait of Gibraltar R. oka-
murae is causing a significant decline in the coralligenous 
key species Mesophyllum expansum (Philippi) Cabioch 
& M.L. Mendoza, as well as the deterioration of the for-
ests of the red gorgonian Paramuricea clavata (Risso 
1826) (Navarro-Barranco et al., 2021; Sempere-Valverde 
et al., 2021). The success of R. okamurae is linked to its 
great ability to thrive under a wide range of depth, light 
intensity, and nutrient concentration (Rosas-Guerrero et 
al., 2020; García-Gómez et al., 2021b). Its invasiveness 
is enhanced by high rates of asexual reproduction by both 
vegetative propagules and asexual monospores, and by 
the presence of secondary metabolites involved in chem-
ical defence against grazers and competitors (Casal-Por-
ras et al., 2021).

Considering the expected expansion of the species, 
appropriate action should be taken to cope with new in-
troductions and to control the spread of the established 
populations (Terradas-Fernández et al., 2023). Potential 
solutions involve using the biomass of R. okamurae in the 
production of biogas, bioplastics, aquaculture feed, and 
compost to try to slow down the spread of this NIS (Bar-
cellos et al., 2023), although the effectiveness of these 
actions is still unknown. On the other hand, new records 

of R. okamurae and ad hoc studies on its populations can 
provide further information to support appropriate miti-
gation actions.

In this study, we report the first record of R. okamurae 
in the Southern Adriatic Sea. Species identification was 
confirmed by both morpho-anatomical observations and 
molecular analyses. After the first sighting of R. okamu-
rae in April 2023, the presence and distribution of the 
species were monitored at the same site and in surround-
ing areas between May 2023 and January 2024 showing 
its massive spread along the coast of Apulia, which rep-
resents the easternmost evidence of the presence of this 
species in the Mediterranean Sea thus far.

Materials and Methods

Fieldwork and sample collection

Rugulopteryx okamurae was observed by chance for 
the first time in April 2023 in a shallow port area of the 
city of Bari (Italy, southern Adriatic Sea). Then, targeted 
surveys were carried out between May 2023 and January 
2024 at three sampling sites (Sites A, B, and C) with three 
methodologies to assess the presence, distribution, cover-
age, and extension of R. okamurae (Fig. 1; Table 1). Site 
A was located in the southern port area where the first re-

Fig. 1: Study area and survey sites. A) location of the city of Bari (Italy, Southern Adriatic Sea); B) the harbour area where Rugu-
lopteryx okamurae was found with indication of sampling sites (Site A, B, and C); C, D) detail of the sampling sites with sampling 
stations (R1-R16, Sites A and C) and monitoring transects (T1-T3, Site B).



700 Mediterr. Mar. Sci., 25/3, 2024, 698-708

cord occurred, in an area intensively urbanized and with 
several inputs of organic waste. Quantitative sampling of 
living thalli was carried out there at 13 sampling stations 
(R1-R13), on nearby piers and docks, using a rake. Site 
B was investigated by visual census to study the distribu-
tion of R. okamurae outside the port area, from the coast-
line to breakwaters placed at about 2.5 m depth (Fig. 1); 
three transects (T1, T2, and T3), each approximately 70 
m long and 10 m wide, were carried out by SCUBA di-
vers together with qualitative sampling for species iden-
tification. The presence of drift thalli was assessed at Site 
C, a few kilometres north of Sites A and B, where thalli 
were collected at three sampling stations (R14-R16) over 
a coarse-sandy beach along 200 m of coastline (Fig. 1; 
Table 1). All the thalli collected for morphological iden-
tification were preserved in a 4% formalin-seawater solu-
tion, while samples for molecular analysis were trans-
ported fresh to the laboratory.

Morphological identification

Morphological and anatomical observations were car-
ried out using a Leica MZ 7.5 stereomicroscope (Leica, 
Wetzlar, Germany) and an Olympus BX-40 light micro-
scope (Olympus America Inc., Center Valley, Pennsyl-

vania, USA). Thalli were sectioned freehand or using 
a DSK-1000 Vibratome (Dosaka, Kyoto, Japan). Pho-
tomicrographs were taken using a DP21 digital camera 
(Olympus) equipped with DP2-Twain Software for meas-
urements (Olympus). Newly collected voucher spec-
imens were deposited in the Herbarium Horti Botanici 
Barensis (BI). 

Molecular identification and phylogenetic analysis

Among morphologically identified and comparable 
thalli, specimen “1B” (transect T1, Site B) was selected 
for molecular analyses. The thallus was gently cleaned up 
of epiphytes and placed in silica gel (Carlo Erba Reagents 
S.r.l., Milano, Italy), according to the manufacturer’s rec-
ommendations. The dried sample was stored at -80±1°C 
for at least 48 hours to improve DNA extraction and 
homogenized in a Mixer Mill MM400 (RETSCH Mill, 
Verder Scientific GmbH & Co. KG, Haan, Germany). To-
tal DNA was extracted from 75 mg of homogenized tissue 
using the Plant/Fungi DNA Isolation Kit (Norgen Biotek 
Corp., Thorold, ON, Canada), modified by adding 2.5% of 
PVP-40 (Sigma-Aldrich, Merck KGaA, Darmstadt, Ger-
many) to the Lysis Buffer. DNA purity and quantity were 
estimated using an Implen NanoPhotometer N60 (Implen 

Table 1. Coordinates of each sampling point with indication of the investigation period, sampling procedure, and aims per each 
site investigated in this study.

Site Point ID
Points coordinates Investigation 

period Sampling procedure Sampling aims
Lat. (DD) Lon. (DD)

Site A

R1 41.12703° N 16.87261° E

From May 2023 
to January 2024

Specimens collected 
with a rake from 
moles and docks

Assessing presence, distribution, 
coverage, and extension of R. 

okamurae in a highly anthropized 
area mostly with artificial substrata

R2 41.12735° N 16.87293° E
R3 41.12759° N 16.87344° E
R4 41.12783° N 16.87417° E
R5 41.12687° N 16.87470° E
R6 41.12650° N 16.87491° E
R7 41.12607° N 16.87408° E
R8 41.12571° N 16.87338° E
R9 41.12571° N 16.87338° E
R10 41.12595° N 16.87277° E
R11 41.12703° N 16.87338° E
R12 41.12684° N 16.87323° E
R13 41.12713° N 16.87381° E

Site B

T1_start 41.12898° N 16.87374° E

November 2023

Underwater transects 
by SCUBA diving 

from the coastline to 
the breakwaters (2.5 

m depth)

Assessing the presence, distribution, 
coverage, and extension of R. 

okamurae on a detrital seabed, as 
well as its habitus and behaviour 

underwater

T1_end 41.12951° N 16.87412° E
T2_start 41.12994° N 16.87205° E
T2_end 41.13021° N 16.87276° E
T3_start 41.13202° N 16.87189° E
T3_end 41.13202° N 16.87257° E

Site C

R14 41.13847° N 16.82136° E

January 2024 Visual surveys along 
the shoreline

Assessing the presence of beached 
thalli which could suggest the 

occurrence of R. okamurae in the 
nearby waters

R15 41.13875° N 16.82031° E

R16 41.13890° N 16.81956° E
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GmbH, München, Germany). Portions of the genes rbcL 
and psbA were PCR-amplified. The primer pairs were 
543F/1381R (Bittner et al., 2008) and psbAF1/ psbAR2 
(Saunders & Moore, 2013), respectively. The 25-μL PCR 
reactions were run in a T100 thermal cycler (Bio-Rad, 
Hercules, CA, USA). Each reaction contained 12.5 μL 
Phusion Green Hot Start II High-Fidelity PCR Master 
Mix (Thermo Fisher Scientific, Waltham, Massachusetts, 
USA), 0.5 μL of each primer (10 μM), and 0.75 μL of 
genomic DNA (~ 50 ng/ μL); psbA reaction was amend-
ed with 0.75 μL of DMSO (Thermo Fisher Scientific). 
RbcL amplification was carried out as follows: 98°C for 
1 min, 35 cycles of 98°C for 10 sec, 50°C for 30 sec and 
72°C for 30 sec, and 72°C for 7 min; the same conditions 
were used for the psbA amplification, except for the 45°C 
annealing temperature. An amplicon aliquot (5 μL) was 
run on 1.7% agarose gel in TBE buffer 1× (Bio-Rad), pre-
stained with GelRed® (Biotium, Landing Parkway Fre-
mont, CA, USA), and visualized using ChemiDoc XRS+ 
(Bio-Rad); 100 bp plus DNA ladder (Thermo Fisher Sci-
entific) was used as marker. Amplicons were purified and 
sequenced by Macrogen Europe (Amsterdam, The Neth-
erlands) external service. 

The nucleotide sequence accuracy was assessed by 
FinchTV software (http://jblseqdat.bioc.cam.ac.uk/gn-
mweb/download/soft/FinchTV_1.4/doc/) and strand 
sequences were aligned using the free software MultA-

lin (http://multalin.toulouse.inra.fr/multalin/). Consensus 
sequences were analysed using the online NCBI BLAST 
search tool (https://www.ncbi.nlm.nih.gov/) and deposited 
in the GenBank database.

The sequences used for molecular phylogenetic 
analyses are listed in Table 2. Phylogenetic analyses of 
sequences were run in MEGA11: Molecular Evolution-
ary Genetics Analysis version 11 (Tamura et al., 2021). 
Stypopodium schimperi (Kützing) Verlaque & Boudour-
esque was used as an outgroup. rbcL and psbA gene por-
tions were concatenated, trimmed, and concatamers were 
further aligned according to ClustalW (Thompson et al., 
1994). The evolutionary study of concatamers was ob-
tained by the Maximum Likelihood (ML) method and 
the Tamura-Nei model (Tamura & Nei, 1993). The initial 
tree for the heuristic search was automatically achieved 
by Neighbor-Join and BioNJ algorithms to a matrix of 
pairwise distances estimated using the Tamura-Nei mod-
el; the topology with superior log likelihood value was 
automatically selected. The analysis involved 17 nucleo-
tide sequences and a total of 1615 positions was included 
in the final dataset. Bootstrap analyses consisted of 500 
replications.

Table 2. GenBank sequences of Dictyotaceae species/isolate along with their rbcL and psbA accession numbers, used in phyloge-
netic analysis. Bold letters indicate newly generated sequences and accession numbers in this study. AZB: MAD21-01: Madeira; 
AZT: SMG-21-04: Azores; IK40: Korea.

Species/Isolate
GenBank accession n°

rbcL psbA

Rugulopteryx okamurae/AZB:MAD-21-01 (Faria et al., 2022) ON393999 ON677528

Rugulopteryx okamurae/AZB:SMG-21-04 (Faria et al., 2022) MZ393480 MZ393489

Rugulopteryx okamurae/IK40 (Hwang et al., 2004) AY422673 AY422635

Rugulopteryx okamurae/1B PP335537 PP335536

Rugulopteryx okamurae/Sicily (Bellissimo et al., 2024) OR578567 OR578566

Rugulopteryx marginata DQ472043 MW225832

Rugulopteryx suhrii DQ472044 EU395617

Rugulopteryx radicans DQ472045 EU395610

Dictyota dichotoma DQ472051 GQ425205

Dictyota fasciola GQ425110 GQ466074

Dictyota mediterranea GU290254 GU265785

Dictyota spiralis MW223307 GQ425220

Dictyota cyanoloma MW223182 GU255590

Dictyota linearis AY422669 AY422631

Stypopodium schimperi MW225908 MW225870

Lobophora variegata MW223403 MW225725

Dictyopteris polypodioides DQ472042 MW224555
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Results

Field observations

Rugulopteryx okamurae was observed at all 13 sam-
pling stations at Site A (R1-R13), being the dominant 
species on the majority of both natural and anthropic hard 
substrata, including piers, ropes, buoys, and boat hulls 
(Fig. 2), and forming thick mats covering up to 100% of 
the sea bottom over a surface of approximately 2.5 ha 
(Fig. 3). This NIS proved to be ubiquitous over the visual 
transects at Site B, where it usually covered 60-70%, and 
up to 100% of the seabed, over a surface of about 3.9 
ha (Fig. 3; Fig. 4). In fact, R. okamurae was growing on 
pebbles, rocks and dead matte of the seagrass Posidonia 
oceanica (Linnaeus) Delile. Several drift thalli were also 
observed, floating in the water column and forming mats 
of loose thalli on the seabed. No signs of grazing were 
observed in any of the investigated area. Thalli of R. oka-

murae were also found at all the sampling stations of Site 
C, drifting all along the coastline (Fig. 2).

Morpho-anatomical analysis

Morpho-anatomical observations of samples collect-
ed at all sites confirmed the identification of the inva-
sive brown alga R. okamurae. Membranous erect thalli, 
forming entangled bushy clumps up to 12 cm high, were 
attached to the substrate by multicellular, uniseriate rhiz-
oids and stolon-like segments from which new fronds 
were formed. Fronds, not iridescent, yellow-brown to 
dark brown in colour, were flabellate and dichotomously 
branched (Fig. 5a), with adventitious branchlets arising 
both on the margins of the blade and at damaged parts of 
the thallus (Fig. 5b). Apexes were obtuse and the apical 
cell was lenticular and slightly protruding (Fig. 5c). The 
segments (3-10 mm long and 2-7 mm wide) expanded at 

Fig. 2: A) Rugulopteryx okamurae forming dense rugs/mats and B) colonizing ropes at Site A; C) R. okamurae at Site B on a 
detritic seabed with interspersed dead matte of Posidonia oceanica; D) Thalli of R. okamurae beached along the shore at Site C.
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the dichotomies, assuming a cuneate form. The margin 
was smooth and considerably thickened. Cortical cells 
were rectangular in surface view, 30-40 × 10-12 μm, and 
regularly arranged in longitudinal rows (Fig. 5d). In the 
upper and intermediate portions of the thallus, the medul-
la was formed by a single layer of large anisodiametric 

cells (80-100 × 40-60 μm) (Fig. 2e), except for the por-
tions near the margin where it was formed by 2-4 layers 
of cells (20-40 × 20-40 μm) (Fig. 5f). In the lower parts of 
the thallus, the medulla consisted of 3-4 layers of isodia-
metric cells (20-60 x 20-60 μm) with thickened cell walls 
(Fig. 5g). Reproductive structures were not observed.

Fig. 3: Distribution of Rugulopteryx okamurae within the study area in the port of Bari. The polygons in red show the estimated 
extension of the species at Sites A and B, while the red asterisks represent the spots where beached thalli were occasionally found 
at Site C.

Fig. 4: Photos of Rugulopteryx okamurae taken during underwater surveys at Site B.
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Molecular analyses

Sequences of the two chloroplast protein-encoded 
genes rbcL and psbA generated in this study were 840 bp 
and 936 bp long, respectively, and have been deposited in 
GenBank with the accession numbers PP335537 for rbcL 
and PP335536 for psbA. The obtained sequences corre-
sponded to R. okamurae, showing to be fully identical 
to sequences of Portuguese and native Pacific specimens, 
corroborating the morphological characterization.

According to phylogenetic analyses and branch 
lengths, specimen 1B forms a clade with other speci-
mens belonging to R. okamurae, although it is separate 
from the European and native ones (Fig. 6). The genus 
Rugulopteryx, including R. suhrii (Kützing) De Clerck & 
Coppejans, R. radicans (Harvey) De Clerck & Coppejans 
and R. marginata (J.Agardh) De Clerck & Coppejans, 
consistently represents a monophyletic group (89% ML 
BP), as for Dictyota genus (99% ML BP). Rugulopteryx 
and Dictyota clades are sister groups with weak support 

(51% ML BP) (Fig. 6). According to MEGA11 analyses 
and among R. okamurae specimens, 90% of sites were 
conserved. Within the remaining percentage, there were 
0.7% of variable sites and 0.7% of highlighted singleton 
sites.

Discussion

The Adriatic record of R. okamurae represents the 
easternmost limit of the species distribution in the Medi-
terranean Sea. Its arrival and establishment in the port of 
Bari highlight the ongoing expansion of this NIS in the 
Mediterranean Sea, as already assumed by recent distri-
bution models (Bellissimo et al., 2024). The phylogenetic 
tree obtained in this study raises doubts about the origin 
of Adriatic specimens of R. okamurae. Based on the node 
bootstrap values, our specimen was separated from native 
(100% BP) and Portuguese and Sicilian records (98% 
ML BP) (Fig. 6). Nevertheless, the specimen from Ma-

Fig. 5: Morphology of Rugulopteryx okamurae. (A) habit; (B) adventitious branchlets on margins (arrows) and damaged parts 
(arrowheads) of the thallus; (C) detail of two apical cells (arrows); (D) cortical cells in surface view; (E) cross-section of the mid 
part of the thallus showing the uni-layered medulla; (F) cross-section of the upper part of the thallus showing the multi-layered me-
dulla (arrow) near the margin; (G) cross-section of the basal part of the thallus showing 3-4 layers of thick-walled medullary cells.`
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deira (AZB: MAD-21-01 Rugulopteryx okamurae) and 
the Sicilian one (Sicily Rugulopteryx okamurae) clus-
tered together displaying remarkable sequence similarity 
(Fig. 6). Schaffelke et al. (2002) described a comparable 
scenario regarding the spread of C. taxifolia in Austral-
ia. They found that specimens from different locations 
were clustered into distinct clades, indicating that they 
were derived from different source regions. Our record 
may be linked to multiple introduction events between 
the Mediterranean Sea and the Atlantic Ocean or putative 
unverified sexual cycles. To date, no sexual reproduction 
has been documented in the invaded areas. Thus, the high 
genetic variability shown by R. okamurae may be the re-
sult of repeated introductions that have taken place in the 
last decade, as already observed for other alien species 
(Dlugosch & Parker, 2008). Multiple invasions have been 
proved to favour the establishment success of alien spe-
cies, enhancing their invasiveness (Paolacci et al., 2021). 

In the case of Apulian waters, two main human-me-
diated pathways near the sites of the first observation 
of R. okamurae may be responsible for its introduction. 
The first one involves the import of living seafood for 
human consumption, which can often act as a vector of 
alien species. For instance, the trade in shellfish - main-
ly oysters and mussels - is known to be a major vector 
for the introduction of marine macrophytes in European 
waters and the Mediterranean Sea (44% and 46% of the 
total, respectively) (Zenetos et al., 2011; Petrocelli et al., 
2013). The importation of Japanese oysters for aquacul-
ture purposes (Verlaque et al., 2009), or live shellfish, 
and sea urchins for human consumption (Ruitton et al., 
2021), has already been associated with the introduction 
of R. okamurae in France. Our study Site A is a slipway 
located in the innermost part of the old harbour of the city 

of Bari, where an open-air fish market has been active for 
decades, with raw seafood (especially mussels, oysters, 
and sea urchins) available for consumption on the spot 
and the accidental and/or intentional discharge of empty 
shells or damaged organisms into neighbouring waters by 
fishermen and consumers. Moreover, Apulia, along with 
Sardinia, Veneto and, to a lesser extent the Marche, are 
among the few Italian regions involved in the cultivation 
of Pacific oysters, which are currently farmed with seeds 
generally imported from French hatcheries (Wolf et al., 
2018; Quaglia et al., 2023). 

On the other hand, intense maritime traffic is thought 
to be a concomitant pathway for the introduction of al-
ien species in the port of Bari. The new harbour, locat-
ed very closely to our Site B, is one of the largest ports 
on the Adriatic Sea, with daily docking of several cruise 
and container ships, also providing direct connections for 
ferry services to Greece, Croatia, Montenegro, and Al-
bania. This raises concerns about the potential for a fur-
ther expansion of the species towards these south-eastern 
European countries. Transport stowaways through ship 
fouling and ballast waters are one of the main pathways 
for NIS introduction and expansion (Bailey et al., 2020). 
For instance, the massive invasion of R. okamurae along 
the Spanish coast has been linked to the ballast waters of 
Asian vessels anchored in the Strait of Gibraltar (García-
Gómez et al., 2020).

The chances of successful establishment depend on 
the ecological plasticity of the species, which reflects 
strong adaptability to the recipient environment, as well 
as its capability to survive under stressed conditions. The 
finding sites in Bari are highly anthropized areas exposed 
to large organic and inorganic inputs, representing ideal 
sites for R. okamurae that can take advantage of eutroph-

Fig. 6: Phylogenetic tree based on the concatenated sequences of gene portions of rbcL and psbA as estimated by Maximum Likeli-
hood (ML). Bootstrap values are reported on the branches. Branch lengths are proportional to the number of nucleotide substitutions 
and are measured using the bar scale (0.05). All specimens are available in Table 2. Bold letters indicate newly generated sequences 
in this study.
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ic conditions thanks to a high nutrient storage capacity 
(Mercado et al., 2022). The degradation of these environ-
ments is also underlined by the occurrence of dead mattes 
of P. oceanica colonized by invasive species, including 
R. okamurae. The ability of R. okamurae to benefit from 
all kinds of substrata, including anthropogenic ones, as 
well as its fast vegetative reproduction and its survival 
as floating thalli, facilitate the dispersal of the species. 
The same ability to easily remain attached to nets and 
other artificial materials has already been observed in the 
Strait of Gibraltar (García-Gómez et al., 2021a, b). The 
floating fragments can maintain high photosynthetic rates 
(Figueroa et al., 2020) and reattach themselves to hard 
substrata (Mateo-Ramírez et al., 2023). Mainly within 
Site A, considerable amounts of unattached thalli flowed 
through an artificial channel under street level reaching 
Site B. Furthermore, free-drifted thalli could either accu-
mulate on the foreshore at the northernmost Site C or be 
carried to the other two sites by the prevailing currents 
along this stretch of coastline.

Vegetative propagules consist of proliferous branchlets 
that arise on both thallus surfaces and can develop into 
new plants (Hwang et al., 2009). However, neither asex-
ual monospores nor sexual reproductive structures were 
found. The inability of R. okamurae to complete its sex-
ual life cycle has also been reported in Korean waters 
(Hwang et al., 2009) as well as in all Mediterranean and 
Atlantic areas of introduction (Verlaque et al., 2009; Al-
tamirano et al., 2020; Ruitton et al., 2021; Bernal-Ibáñez 
et al., 2022; Faria et al., 2022; Terradas-Fernández et al., 
2023; Bellissimo et al., 2024; El Madany et al., 2024). 
This enables the species to recruit new clonal individuals 
rapidly and abundantly throughout the year, thus main-
taining constant propagule pressure. The lack of sexual 
reproduction with only vegetative processes for dispersal 
is also common in other invasive macroalgae within the 
Mediterranean Sea (Boudouresque & Verlaque, 2002), 
such as the red algae Acrothamnion preissii (Sonder) 
E.M. Wollaston (Piazzi & Cinelli, 2003; Klein & Ver-
laque, 2011) and Womersleyella setacea (Nikolić et al., 
2010), as well as the green C. taxifolia (Meinesz et al., 
1993; Žuljevic & Antolić, 2000). 

In its native area, R. okamurae is widely distributed 
year-round but only in the form of dormant rhizoidal 
bases from January to April. Maximum growth and de-
velopment of reproductive structures have been observed 
at seawater temperatures exceeding 15°C (Hwang et al., 
2009). Although our observation period spanned from 
April 2023 to January 2024, the species did not seem to 
follow this seasonal growth pattern, and upright fronds 
were still persistent and healthy in January. In Bari, 
the mean seawater temperature is above 15°C all year 
around, with very few exceptions. This situation resem-
bled what was observed in the waters of the Strait of 
Gibraltar (García-Gómez et al., 2020), where R. okamu-
rae achieved high coverage even in the winter months 
(García-Gómez et al., 2021a).

As previously noted in Sicilian waters (Bellissimo et 
al., 2024), also in Bari R. okamurae was introduced in an 
environmentally degraded area. Therefore, we could not 

quantify the impacts on resident, well-preserved natural 
communities, although some adverse effects of its invasion 
cannot be excluded. Implementing monitoring programs 
and extending the investigated area is a first step towards the 
comprehensive assessment of the magnitude of the invasion 
and any possible action aiming at mitigating the impact of R. 
okamurae on Mediterranean coastal communities. 

Conclusions

The invasive R. okamurae is an emerging NIS rapidly 
expanding its area of dispersal, with potentially negative 
implications for the conservation of marine life in the 
Mediterranean Sea, as well as negative effects on both 
economic activity and tourism. The finding of conspic-
uous populations along the Adriatic coast of Italy raises 
concerns about a possible ongoing eastward expansion 
in the Mediterranean Sea. For these reasons, monitoring 
programs and time- and cost-effective mitigation actions 
aimed at assessing the presence and distribution of this 
species along the Mediterranean coasts should be imple-
mented, in order to improve the awareness of Mediterra-
nean countries of this NIS.
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