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Abstract 
Asparagopsis taxiformis (Delile) Trevisan, traditionally regarded as a tropical-
subtropical red alga native to the Indo-Pacific and particularly the Australian 
region, is now widely established in the Mediterranean and Macaronesian archipelagos. 
Here, we document its first confirmed occurrence on the Galician coast (NW 
Spain), representing a northward extension of more than 500 km (≈ 4.5° of latitude) 
beyond its previously known range, which until now was limited to southern 
Portugal. Molecular analysis confirmed assignment to lineage 2, a cryptic 
intraspecific genotype characterized by broad thermal and photosynthetic tolerance, 
which may facilitate persistence in warm-temperate areas such as Galicia. 
Morphological examination revealed the characteristic features of the species. The 
absence of reproductive structures and the detection of only a few individuals 
suggest a nascent, non-established population. This finding raises concern about the 
potential co-invasion of other warm-affinity macroalgae, such as Rugulopteryx 
okamurae, which could reshape Galician benthic communities. We emphasize the need 
of continuous monitoring and early management measures to reduce the risk of 
establishment and ecological impacts of non-native species. 

Key words: invasive macroalgae, non-indigenous species, climate-mediated 
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Introduction 

Invasive macroalgae increasingly disrupt marine ecosystems by displacing 
native species and altering benthic structure. Since the 1970s, introduced 
macroalgae in Europe have steadily increased and now represent 4–10% of 
macrobenthic flora (van der Loos et al. 2024). 
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Asparagopsis taxiformis (Bonnemaisoniales, Rhodophyta), traditionally 
regarded as a tropical-subtropical red algae native to the Indo-Pacific, 
particularly tropical to warm-temperate regions of Australia (Bonin and 
Hawkes 1987), has spread across warm-temperate regions worldwide (Abbott 
1999). Its high adaptive potential and broad tolerance to temperature 
variation have facilitated its establishment in the Mediterranean, southern 
European Atlantic, and the Macaronesian archipelagos (Ní Chualáin et al. 
2004; Zanolla et al. 2015; Aires et al. 2016; Martins et al. 2019). In Spain 
(excluding the Canary Islands), it is officially recognized as an invasive species 
(MITECO, n.d.). 

Molecular studies have revealed multiple cryptic phylogenetic lineages 
(intraspecific genotypes) within A. taxiformis, which are morphologically 
similar but differ in geographic distribution, physiological traits, and invasive 
potential (Andreakis et al. 2007; Zanolla et al. 2014). In fact, owing to its 
genetic complexity and the cryptic nature of the genetic lineages, the 
distinction between the native and invasive ranges remains debated in 
some regions of the world (Dijoux et al. 2014). While certain lineages are 
confined to the Indo-Pacific, others have spread through aquaculture and 
shipping. Because the risk of invasion is lineage specific (Zanolla et al. 2018a), 
molecular identification is critical to assess invasion risk and potential 
ecological outcomes. 

The previously known distribution in the North Atlantic was restricted 
to Sines (37°56′56.17″N, 8°52′47.83″W) and Lagosteiros (37°0′37.21″N, 
8°55′47.63″W) on the southern Portuguese coast (Aires et al. 2016). 
Climate-driven tropicalization is reshaping temperate coastal ecosystems by 
facilitating the poleward expansion of warm-affinity species, including 
both native and introduced macroalgae (Vergés et al. 2014; Canning-Clode 
and Carlton 2017). Invasive macroalgae may benefit disproportionately 
from rising sea temperatures, as many species display traits such as high 
ecological plasticity, rapid growth, or release from natural predators or 
competitors in newly colonized habitats (e.g. Atkinson et al. 2020). 
Consequently, warming waters and increasingly favorable conditions in 
temperate regions can accelerate the establishment and spread of 
invasive species such as Asparagopsis taxiformis or the recently recorded 
Rugulopteryx okamurae in the area (Díaz-Tapia et al. 2025), often 
reinforcing their ecological dominance. Understanding the environmental 
and lineage-specific traits that shape the distribution of A. taxiformis is 
essential for interpreting biogeographic patterns and for designing effective 
early-warning monitoring and management strategies in temperate coastal 
ecosystems. 

Materials and methods 

In July 2025, a single gametophyte individual of Asparagopsis taxiformis 
was detected at 0.5 m depth in a rock pool on a sheltered rocky shore of the 
Rías Baixas, Galicia, Spain (42°28′33.29″N, 8°54′38.91″W; Figure 1), and was 

https://doi.org/10.3391/bir.2026.15.2.21
https://www.invasivesnet.org


Poleward expansion of invasive alga A. taxiformis 

 Cacabelos et al. (2026), BioInvasions Records 15(2): 475–482, https://doi.org/10.3391/bir.2026.15.2.21 477 

 
Figure 1. Map showing previously reported southern localities (Aires et al. 2016; orange dots) and current record in Galicia (red 
dot) (A). The arrow indicates the exact site of occurrence (B). Global view of the habitat where lineage 2 of Asparagopsis 
taxiformis was found (C).  

promptly collected. Morphological identification followed the diagnostic 
characters described by Bonin and Hawkes (1987). Additionally, genomic 
DNA was extracted from a fragment of the specimen using the DNeasy 
Plant Mini Kit (Qiagen, Germany), following the manufacturer’s protocol. 
Two barcoding markers, the mitochondrial cox 2–3 spacer and the plastid 
rbcL, were amplified by PCR to confirm species identity and lineage 
assignment (see Zuccarello et al. 1999 and Nahor et al. 2022 for primer 
details and PCR conditions). Sequences were edited and assembled using 
CodonCode Aligner V3.0, and then queried against the NCBI nucleotide 
database using BLASTn with default parameters. Only matches with ≥ 98% 
identity and low E-values were considered reliable. The specimen was 
photographed in situ and preserved as a voucher in the Herbarium of the 
University of Santiago de Compostela (SANT).  

Results 

The collected specimen displayed the typical morphological features of 
A. taxiformis, including an erect thallus, finely branched filaments, and 
pinkish-red coloration. In contrast to the gametophytes of Asparagopsis 
armata, it did not possess lateral branches bearing harpoon-shaped hooks 
(Figure 2). It was found attached to rocky substrates among native algae 
such as Bifurcaria bifurcata R. Ross 1958 and Ulva rigida C. Agardh 1823, 
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Figure 2. In situ images of Asparagopsis taxiformis from Galicia (NW Spain), showing vegetative gametophytes with the 
characteristic plumose, filamentous tufts forming compact, feathery clumps attached to rocky substrates among native macroalgae. 
No reproductive structures were observed. Photographs by Eva Cacabelos. 

with no reproductive structures observed. Sequences obtained (GenBank 
accession numbers: PX610173 and PX610174) were compared against the 
NCBI database using BLAST and matched exactly with reference sequences 
assigned to the cryptic lineage 2, with ≥ 98–100% nucleotide identity,  
≥ 95–100% query coverage, and low E-values (see Supplementary material 
Tables S1, S2 for complete similarity metrics and accession numbers). 
Several sequences were identical (100% identity and 100% coverage) to 
established reference accessions for lineage 2 (see Andreakis et al. 2007 for 
genetic delineation). During a follow-up survey one month later, additional 
individuals were observed at the same site. 

Discussion 

Here, we document the first known occurrence of Asparagopsis taxiformis 
in Galicia, the northernmost record in Europe to date, which indicates a 
probable poleward range shift of this tropical-subtropical species. Galicia 
lies within the Iberian upwelling system, characterized by relatively cool 
waters, yet recent warming and increased frequency of marine heatwaves 
(Lima and Wethey 2012; Smale et al. 2019) may be reducing thermal 
barriers, thereby facilitating the establishment of warm-affinity species. 
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Comparable tropicalization trends have been documented across the 
Mediterranean and NE Atlantic, where subtropical and tropical taxa are 
progressively expanding into temperate ecosystems (Vergés et al. 2014; 
Franco et al. 2021; Biosecurity New Zealand 2024; Bellissimo et al. 2024). 
This is consistent with observations in other regions where this warm-
affinity species has expanded northwards (CEAB-CSIC 2023). 

Molecular analysis confirmed that the Galician specimen belongs to 
lineage 2, one of the most widely distributed and invasive genotypes of 
A. taxiformis (Andreakis et al. 2007; Zanolla et al. 2018a). This lineage 
occurs broadly in the Indo-Pacific, and has been previously reported on 
the Mediterranean and the southern Portuguese coast (Aires et al. 2016). 
Differences in the geographic distribution and invasiveness of A. taxiformis 
lineages are thought to arise from a combination of intrinsic environmental 
tolerances and historical introductions via aquaculture and shipping 
(Dijoux et al. 2014; Andreakis et al. 2016). Studies on thermal ecology 
indicate that A. taxiformis exhibits marked physiological plasticity, with optimal 
growth around 22–26 °C but survival possible at lower temperatures (~ 15 °C), 
depending on life stage (Padilla-Gamiño and Carpenter 2007). Within this 
framework, lineage 2 shows broad photosynthetic tolerance across 12–26 °C, 
with invasive Mediterranean isolates displaying low compensation irradiance 
and limited thermal sensitivity, suggesting higher physiological plasticity 
than native Australian isolates, and likely contributing to their invasive 
potential (Zanolla et al. 2015). This combination of broad environmental 
tolerance and historical dispersal pathways may facilitate the persistence of 
lineage 2 in Galicia, where summer conditions can periodically exceed 
thresholds favorable for growth, even if winter conditions remain limiting. 

Although only a single individual was initially detected, additional 
observations were made one month later. The absence of reproductive 
structures in the observed individuals, together with the low number of 
specimens detected, suggests that this is a nascent, non-established population 
in the intertidal area. Although sexual or asexual reproductive structures 
are not strictly required for establishment, early-stage non-native populations 
often exhibit limited reproduction, which can constrain their immediate 
expansion. Further monitoring will be necessary to determine whether the 
population becomes reproductive and established. Early records of invasive 
macroalgae should be interpreted cautiously, as initial detection does not 
guarantee persistence or establishment, emphasizing the importance of 
long-term monitoring (Bellissimo et al. 2024). Nevertheless, the invasion 
history of A. taxiformis elsewhere in Europe, where it has successfully colonized 
the Mediterranean and Macaronesian archipelagos, demonstrates its potential 
to become invasive under favorable conditions (Altamirano et al. 2008; 
Martins et al. 2019). 

Anthropogenic vectors, especially shipping and aquaculture, may 
facilitate dispersal, as documented for instance with the brown macroalga 
R. okamurae along the Iberian coast (Faria et al. 2022a; Díaz-Tapia et al. 
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2025). The possibility of co-occurrence with R. okamurae in Galicia could 
intensify ecological impacts, as both species are capable of monopolizing space 
and altering benthic assemblages (Zanolla et al. 2018b; Navarro-Barranco 
et al. 2019; García-Gómez et al. 2020; Faria et al. 2022b). Such scenarios may 
result in coinvasion processes, where multiple non-indigenous species interact 
not only with native assemblages but also with each other, potentially 
exacerbating ecological disruption (García-Gómez et al. 2021). Whether 
these invasion dynamics will be replicated in cooler Galician waters is 
uncertain, but ongoing warming trends may increase the likelihood. 

Although only a few individuals of A. taxiformis lineage 2 were detected 
in Galicia, this record raises the possibility that climate change and 
anthropogenic vectors could shape invasion pathways. The case highlights 
the need for structured, long-term monitoring, coupled with molecular 
surveillance, to track establishment success, population dynamics, and 
interactions with co-occurring invaders. These biogeographic shifts reflect 
the pervasive impacts of ocean warming on temperate ecosystems and their 
potential to restructure coastal community composition and functioning. 

Author’s contribution 
EC: research conceptualization; sample design and methodology; investigation and data 
collection; data analysis and interpretation; writing – original draft; writing – review. AB-I: data 
analysis and interpretation; writing – review. IG: data analysis and interpretation; writing – 
review. MZ: data analysis and interpretation; writing – review. JF: research conceptualization; 
sample design and methodology; investigation and data collection; data analysis and 
interpretation; writing – review. 

Author’s ORCIDs 
EC: 0000-0002-8543-6510; AB-I: 0000-0001-9221-3983; IG: 0000-0001-5521-3255; MZ: 
0000-0001-9585-5906; JF: 0000-0002-5797-0505. 

Acknowledgements 
We gratefully acknowledge the constructive feedback and insightful comments provided by the 
anonymous reviewers, which significantly contributed to improving the clarity and quality of 
this manuscript. 

Funding declaration 
We acknowledge funding by FEDER funds through the Operational Programme for 
Competitiveness Factors – COMPETE and by National Funds through FCT – Foundation for 
Science and Technology under the UID/BIA/50027/2020 and UID/50027/2025-Rede de 
Investigação em Biodiversidade e Biologia Evolutiva , as well as Azorean regional funds 
through DRCID (M1.1.A/FUNC.UI&D/015/2025/RTF/001/Apoio UI&D). 
Publication of this study was supported by the European Union’s Horizon Europe HORIZON-
CL6-2024-BIODIV-01 project “GuardIAS - Guarding European Waters from IAS”, under grant 
agreement no. 101181413 (Katsanevakis et al. 2024). 

Data availability 
Species georeferenced records are available at the European Alien Species Information Network: 
https://easin.jrc.ec.europa.eu/easin/RJD/Download/1576378c-f7aa-4f4f-973c-9e32b0fd1fe2. 

References 
Abbott IA (1999) Marine Red Algae of the Hawaiian Islands. Bishop Museum Press. Honolulu, 

HI, 477 pp 

https://doi.org/10.3391/bir.2026.15.2.21
https://www.invasivesnet.org
https://orcid.org/0000-0002-8543-6510
https://orcid.org/0000-0001-9221-3983
https://orcid.org/0000-0001-5521-3255
https://orcid.org/0000-0001-9585-5906
https://orcid.org/0000-0002-5797-0505
https://easin.jrc.ec.europa.eu/easin/RJD/Download/1576378c-f7aa-4f4f-973c-9e32b0fd1fe2


Poleward expansion of invasive alga A. taxiformis 

 Cacabelos et al. (2026), BioInvasions Records 15(2): 475–482, https://doi.org/10.3391/bir.2026.15.2.21 481 

Aires T, Serrão EA, Engelen AH (2016) Host and environmental specificity in bacterial 
communities associated with two highly invasive marine species (genus Asparagopsis). 
Frontiers in Microbiology 7: 559, https://doi.org/10.3389/fmicb.2016.00559 

Andreakis N, Procaccini G, Maggs C, Kooistra WH (2007) Phylogeography of the invasive 
seaweed Asparagopsis (Bonnemaisoniales, Rhodophyta) reveals cryptic diversity. 
Molecular Ecology 16: 2285–2299, https://doi.org/10.1111/j.1365-294X.2007.03306.x 

Andreakis N, Costello P, Zanolla M, Saunders GW, Mata L (2016). Endemic or introduced? 
Phylogeography of Asparagopsis (Florideophyceae) in Australia reveals multiple introductions 
and a new mitochondrial lineage. Journal of Phycology 52: 141–147, https://doi.org/10. 
1111/jpy.12373 

Altamirano M, Muñoz AR, De La Rosa J, Barrajón-Mínguez A, Barrajón-Domenech A, 
Moreno-Robledo C, Carmen M (2008) The invasive species Asparagopsis taxiformis 
(Bonnemaisoniales, Rhodophyta) on Andalusian coasts (Southern Spain): reproductive stages, 
new records and invaded communities. Acta Botanica Malacitana 33: 5–15, https://doi.org/10. 
24310/abm.v33i0.6963 

Atkinson J, King NG, Wilmes SB, Moore PJ (2020) Summer and winter marine heatwaves 
favor an invasive over native seaweeds. Journal of Phycology 56: 1004–1013, https://doi.org/10. 
1111/jpy.13051 

Bellissimo G, Altamirano M, Muñoz AR, De la Rosa J, Hung TH, Rizzuto G, Vizzini S, 
Tomasello A (2024) The invasive brown seaweed Rugulopteryx okamurae (Dictyotales, 
Ochrophyta) continues to expand: first record in Italy. BioInvasions Records 13: 385–401, 
https://doi.org/10.3391/bir.2024.13.2.08 

Bonin DR, Hawkes MW (1987) Systematics and life histories of New Zealand 
Bonnemaisoniaceae (Bonnemaisoniales, Rhodophyta): I. The genus Asparagopsis. New 
Zealand Journal of Botany 25: 577–590, https://doi.org/10.1080/0028825X.1987.10410088 

Canning-Clode J, Carlton JT (2017) Refining and expanding global climate change scenarios in 
the sea: Poleward creep complexities, range termini, and setbacks and surges. Diversity and 
Distributions 23: 463–473, https://doi.org/10.1111/ddi.12551 

Díaz-Tapia P, Alvite N, Bañón R, Barreiro R, Barrientos S, Bustamante M, Carrasco S, 
Cremades J, Iglesias S, López Rodríguez MC, Muguerza N, Piñeiro-Corbeira C, Quintano E, 
Tajadura FJ, Díez I (2025) Multiple introduction events expand the range of the invasive 
brown alga Rugulopteryx okamurae to northern Spain. Aquatic Botany 196: 103830, 
https://doi.org/10.1016/j.aquabot.2024.103830 

Dijoux L, Viard F, Payri C (2014) The more we search, the more we find: discovery of a new 
lineage and a new species complex in the genus Asparagopsis. PLoS ONE 13: e103826, 
https://doi.org/10.1371/journal.pone.0103826 

Faria J, Prestes ACL, Moreu I, Martins GM, Neto AI, Cacabelos E (2022a) Arrival and 
proliferation of the invasive seaweed Rugulopteryx okamurae in NE Atlantic islands. 
Botanica Marina 65: 45–50, https://doi.org/10.1515/bot-2021-0060 

Faria J, Prestes ACL, Moreu I, Cacabelos E, Martins GM (2022b) Dramatic changes in the 
structure of shallow-water marine benthic communities following the invasion by 
Rugulopteryx okamurae (Dictyotales, Ochrophyta) in the Azores (NE Atlantic). Marine 
Pollution Bulletin 175: 113358, https://doi.org/10.1016/j.marpolbul.2022.113358 

Franco JN, Tuya F, Bertocci I, Rodríguez L, Martínez B, Sousa-Pinto I, Arenas F, Cremades J, 
Garrabou J, Thibaut T, Fraschetti S, Benedetti-Ceroni F, Jaramillo E, Edgar GJ, Sköld M, 
Valdivia A (2021) Climate-driven tropicalization of marine communities in the NE 
Atlantic. Diversity and Distributions 27: 2376–2390, https://doi.org/10.1111/ddi.13421 

García-Gómez JC, Sempere-Valverde J, González AR, Martínez-Chacón M, Olaya-Ponzone L, 
Pérez-Ruzafa A, García-Riesgo L, Ramírez M, Navarro P, Borg JA, Afonso C (2020) From 
exotic to invasive in record time: The extreme impact of Rugulopteryx okamurae (Dictyotales, 
Ochrophyta) in the Strait of Gibraltar. Science of the Total Environment 704: 135408, 
https://doi.org/10.1016/j.scitotenv.2019.135408 

García-Gómez JC, Florido M, Olaya-Ponzone L, Sempere-Valverde J, Megina C (2021) The 
invasive macroalga Rugulopteryx okamurae: substrata plasticity and spatial colonization 
pressure on resident macroalgae. Frontiers in Ecology and Evolution 9: 631754, 
https://doi.org/10.3389/fevo.2021.631754 

Katsanevakis S, Zaiko A, Olenin S, Costello MJ, Gallardo B, Tricarico E, Adriaens T, Jeschke 
JM, Sini M, Burke N, Ellinas K, Rutten S, Poursanidis D, Marchini A, Brys R, 
Raeymaekers JAM, Noé N, Hermoso V, Blaalid R, Lucy FE, Verbrugge LNH, Staehr PAU, 
Vandepitte L, de Groot D, Elliott M, Reuver M, Maclaren J, Li M, Oldoni D, Mazaris A, 
Trygonis V, Hablützel PI, Everts T, Pistevos JCA, Dekeyzer S, Kimmig SE, Rickowski FS, 
Panov VE (2024) GuardIAS – Guarding European Waters from Invasive Alien Species. 
Management of Biological Invasions 15: 701–730, https://doi.org/10.3391/mbi.2024.15.4.14 

Lima FP, Wethey DS (2012) Three decades of high-resolution coastal sea surface temperatures 
reveal more than warming. Nature Communications 3: 704, https://doi.org/10.1038/ncomms1713 

Martins GM, Cacabelos E, Faria J, Álvaro N, Prestes ACL, Neto AI (2019) Patterns of 
distribution of the invasive alga Asparagopsis armata Harvey: a multiscaled approach. 
Aquatic Invasions 14: 582–593, https://doi.org/10.3391/ai.2019.14.4.02 

https://doi.org/10.3391/bir.2026.15.2.21
https://www.invasivesnet.org
https://doi.org/10.3389/fmicb.2016.00559
https://doi.org/10.1111/j.1365-294X.2007.03306.x
https://doi.org/10.1111/jpy.12373
https://doi.org/10.1111/jpy.12373
https://doi.org/10.24310/abm.v33i0.6963
https://doi.org/10.24310/abm.v33i0.6963
https://doi.org/10.1111/jpy.13051
https://doi.org/10.1111/jpy.13051
https://doi.org/10.3391/bir.2024.13.2.08
https://doi.org/10.1080/0028825X.1987.10410088
https://doi.org/10.1111/ddi.12551
https://doi.org/10.1016/j.aquabot.2024.103830
https://doi.org/10.1371/journal.pone.0103826
https://doi.org/10.1515/bot-2021-0060
https://doi.org/10.1016/j.marpolbul.2022.113358
https://doi.org/10.1111/ddi.13421
https://doi.org/10.1016/j.scitotenv.2019.135408
https://doi.org/10.3389/fevo.2021.631754
https://doi.org/10.3391/mbi.2024.15.4.14
https://doi.org/10.1038/ncomms1713
https://doi.org/10.3391/ai.2019.14.4.02


Poleward expansion of invasive alga A. taxiformis 

 Cacabelos et al. (2026), BioInvasions Records 15(2): 475–482, https://doi.org/10.3391/bir.2026.15.2.21 482 

Nahor O, Luzzatto-Knaan T, Israel Á (2022) A new genetic lineage of Asparagopsis taxiformis 
(Rhodophyta) in the Mediterranean Sea: DNA barcoding indicates a recent Lessepsian 
introduction. Frontiers in Marine Science 9: 873817, https://doi.org/10.3389/fmars.2022.873817 

Navarro-Barranco C, Muñoz-Gómez B, Saiz D, Ros M, Guerra-García JM, Altamirano M, 
Ostalé-Valriberas E, Moreira J (2019) Can invasive habitat-forming species play the same 
role as native ones? The case of the exotic marine macroalga Rugulopteryx okamurae in the 
Strait of Gibraltar. Biological Invasions 21: 3319–3334, https://doi.org/10.1007/s10530-019-02049-y 

Ní Chualáin F, Maggs CA, Saunders GW, Guiry MD (2004) The invasive genus Asparagopsis 
(Bonnemaisoniaceae, Rhodophyta): Molecular systematics, morphology, and ecophysiology 
of Falkenbergia isolates. Journal of Phycology 40: 1112–1126, https://doi.org/10.1111/j.1529-
8817.2004.03135.x 

Padilla-Gamiño JL, Carpenter RC (2007) Seasonal acclimatization of Asparagopsis taxiformis 
(Rhodophyta) from different biogeographic regions. Limnology and Oceanography 52: 
833–842, https://doi.org/10.4319/lo.2007.52.2.0833 

Smale DA, Wernberg T, Oliver ECJ (2019) Marine heatwaves threaten global biodiversity and 
the provision of ecosystem services. Nature Climate Change 9: 306–312, https://doi.org/10. 
1038/s41558-019-0412-1 

van der Loos LM, Bafort Q, Bosch S, Ballesteros E, Bárbara I, Berecibar E, Blanfuné A, 
Bogaert K, Bouckenooghe S, Boudouresque C-F, Brodie J, Cecere E, Díaz-Tapia P, 
Engelen AH, Gunnarson K, Shabaka SH, Hoffman R, Husa V, Israel Á, De Clerck O (2024) 
Non-indigenous seaweeds in the Northeast Atlantic Ocean, the Mediterranean Sea and 
Macaronesia: a critical synthesis of diversity, spatial and temporal patterns. European 
Journal of Phycology 59: 127–156, https://doi.org/10.1080/09670262.2023.2256828 

Vergés A, Steinberg PD, Hay ME, Poore AG, Campbell AH, Ballesteros E, Heck KL Jr., Booth DJ, 
Coleman MA, Feary DA, Figueira W, Langlois T, Marzinelli EM, Mizerek T, Mumby PJ, 
Nakamura Y, Roughan M, van Sebille E, Gupta AS, Smale DA, Tomas F, Wernberg T, 
Wilson SK (2014) The tropicalization of temperate marine ecosystems: climate-mediated 
changes in herbivory and community phase shifts. Proceeding of the Royal Society B 281: 
20140846, https://doi.org/10.1098/rspb.2014.0846 

Zanolla M, Altamirano M, Carmona R, De La Rosa J, Sherwood A, Andreakis N (2015) 
Photosynthetic plasticity of the genus Asparagopsis (Bonnemaisoniales, Rhodophyta) in 
response to temperature: implications for invasiveness. Biological Invasions 17: 1341–1353, 
https://doi.org/10.1007/s10530-014-0797-8 

Zanolla M, Altamirano M, Carmona R, De la Rosa J, Souza-Egipsy V, Sherwood A, Tsiamis K, 
Barbosa AM, Román Muñoz A, Andreakis N (2018a) Assessing global range expansion in 
a cryptic species complex: insights from the red seaweed genus Asparagopsis (Florideophyceae). 
Journal of Phycology 53: 1258–1274, https://doi.org/10.1111/jpy.12598 

Zanolla M, Carmona R, De La Rosa J, Altamirano M (2018b) Structure and temporal dynamics 
of a seaweed assemblage dominated by the invasive lineage 2 of Asparagopsis taxiformis 
(Bonnemaisoniaceae, Rhodophyta) in the Alboran Sea. Mediterranean Marine Science 19: 
147–155, https:// doi.org/10.12681/mms.1892  

Zanolla M, Carmona R, De La Rosa J, Salvador N, Sherwood AR, Andreakis N, Altamirano M 
(2014) Morphological differentiation of cryptic lineages within the invasive genus Asparagopsis 
(Bonnemaisoniales, Rhodophyta). Phycologia 53, 233–242, https://doi.org/10.2216/13-247.1 

Zuccarello GC, Burger G, West JA, King RJ (1999) A mitochondrial marker for red algal 
intraspecific relationships. Molecular Ecology 8: 1443–1447, https://doi.org/10.1046/j.1365-
294x.1999.00710.x 

Web sites, online databases and software 
CEAB-CSIC (2023) Detected for the first time on the Barcelona coastline a new invasive alga. 

CEAB-CSIC. https://www.ceab.csic.es/en/detected-for-the-first-time-on-the-barcelonas-coast-a-new-
invasive-algae/  

MITECO (n.d.) Ministry for the Ecological Transition and the Demographic Challenge. 
Spanish Catalogue of Invasive Alien Species [Database]. Government of Spain. 
https://www.miteco.gob.es/es/biodiversidad/temas/conservacion-de-especies/especies-exoticas-invasoras/ 
(accessed 13 August 2025) 

Biosecurity New Zealand (2024) Rapid risk assessment: Asparagopsis taxiformis Lineage 2 
(Version 1.1) [Appendix One]. New Zealand Government. https://fyi.org.nz/request/29522/ 
response/116706/attach/4/OIA24%200924%20Appendix%20One.pdf (accessed 15 August 2025) 

   
   

Supplementary material 

The following supplementary material is available for this article: 
Table S1. BLASTn similarity results for the mitochondrial cox2-3 spacer sequence obtained in this study. 
Table S2. BLASTn similarity results for the chloroplast rbcL sequence obtained in this study. 
This material is available as part of online article from: 
http://www.reabic.net/journals/bir/2026/Supplements/BIR_2026_Cacabelos_etal_SupplementaryMaterial.pdf 

https://doi.org/10.3391/bir.2026.15.2.21
https://www.invasivesnet.org
https://doi.org/10.3389/fmars.2022.873817
https://doi.org/10.1007/s10530-019-02049-y
https://doi.org/10.1111/j.1529-8817.2004.03135.x
https://doi.org/10.1111/j.1529-8817.2004.03135.x
https://doi.org/10.4319/lo.2007.52.2.0833
https://doi.org/10.1038/s41558-019-0412-1
https://doi.org/10.1038/s41558-019-0412-1
https://doi.org/10.1080/09670262.2023.2256828
https://doi.org/10.1098/rspb.2014.0846
https://doi.org/10.1007/s10530-014-0797-8
https://doi.org/10.1111/jpy.12598
https://doi.org/10.2216/13-247.1
https://doi.org/10.1046/j.1365-294x.1999.00710.x
https://doi.org/10.1046/j.1365-294x.1999.00710.x
https://www.ceab.csic.es/en/detected-for-the-first-time-on-the-barcelonas-coast-a-new-invasive-algae/
https://www.ceab.csic.es/en/detected-for-the-first-time-on-the-barcelonas-coast-a-new-invasive-algae/
https://www.miteco.gob.es/es/biodiversidad/temas/conservacion-de-especies/especies-exoticas-invasoras/
https://fyi.org.nz/request/29522/response/116706/attach/4/OIA24%200924%20Appendix%20One.pdf
https://fyi.org.nz/request/29522/response/116706/attach/4/OIA24%200924%20Appendix%20One.pdf
http://www.reabic.net/journals/bir/2026/Supplements/BIR_2026_Cacabelos_etal_SupplementaryMaterial.pdf


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 600

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 600

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /RUS <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



