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ABSTRACT
Background: Diadumene lineata is one of the most widespread sea anemone species
worldwide. Although this species has been reported a few times on the Argentine
coast since 2004, its identification has traditionally been based on external
morphological characteristics, and in most cases no voucher specimens are available
to support previous records.
Methods: In this study, we obtained DNA sequences of two mitochondrial markers
(12S and 16S) and two nuclear markers (18S and 28S) from specimens of D. lineata
collected in two locations on the Argentine coast separated by almost 800 km.
Additionally, we conducted an analysis of the morphology, as well as the types and
size ranges of cnidae, using specimens collected at three different locations along the
Argentine coast. Furthermore, since introduced populations of D. lineata are
presumably ephemeral and only reproduce asexually outside their native range, we
examined the internal anatomy of representatives from the Argentine coast for
gametogenic tissue as an indication of whether they might be capable of sexual
reproduction.
Results: DNA data support our morphological identification, including cnidae
analyses, of the specimens as D. lineata. Furthermore, all specimens examined were
determined to be sterile.
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Discussion: Genetic sequence comparisons, phylogenetic reconstruction, and cnidae
data support the identification of individuals of D. lineata from Mar Chiquita and
Garipe Beach, confirming the presence of the species on the Argentine coast using
both morphological and molecular tools. The absence of fertile specimens suggests
that each sampled population is likely reproducing only by asexual reproduction and
possibly composed of clones. The presence of an additional category of longer p-
mastigophores B2a in the actinopharynx and filaments, as well as holotrichs in the
column, is also reported.
Conclusions: For the first time, we have confirmed the presence of D. lineata in
Argentina through molecular data. Additionally, our findings indicate that the
analyzed specimens are sterile, suggesting that this species is not engaging in sexual
reproduction in the studied localities. It is crucial to continue monitoring the
populations of D. lineata along the Argentine coast to assess whether they establish
sexual reproduction, expand their distribution range or disappear, or potentially
cause any harm to local species or alterations in benthic communities.

Subjects Biodiversity, Genetics, Marine Biology, Taxonomy, Zoology
Keywords Argentinian coast, Asexual reproduction, Benthic intertidal fauna, Marine invasive
invertebrates, Mitochondrial markers, Nuclear markers, Southwestern Atlantic

INTRODUCTION
Presumably native to Japan, Diadumene lineata (Verrill, 1869) is among the sea anemones
recognized as a potentially invasive species that has been widely reported in coastal areas of
most continents (e.g., Shick & Lamb, 1977; Ting & Geller, 2000; Hancock, Goeke &
Wicksten, 2017; Glon et al., 2020; Gimenez, Rivera & Brante, 2022). Its success as an alien
species has been facilitated by its ability to withstand wide ranges of temperature and
salinity (Shick, 1976; Podbielski et al., 2016; Ryan & Miller, 2019), as well as its ability to
reproduce asexually via longitudinal fission or pedal laceration (Gollasch & Riemann-
Zürneck, 1996; Ting & Geller, 2000; Ryan & Kubota, 2016).

Introduced populations of D. lineata are often ephemeral (Stephenson, 1935; Shick,
1976; Dunn, 1982) and mainly consist of clones (Glon et al., 2020). It has been assumed
that this species only reproduces asexually outside its native range because the populations
studied in the invaded areas were composed of either sterile individuals or only males or
females, not both sexes simultaneously (e.g., Shick & Lamb, 1977; Minasian, 1982; Ting &
Geller, 2000; Glon et al., 2020). However, recent reports have documented the presence of
fertile males and females on both the Pacific and Atlantic coasts of the USA (Newcomer,
Flenniken & Carlton, 2019; Ryan & Miller, 2019). The occurrence of simultaneously fertile
male and female individuals in introduced populations indirectly suggests the possibility of
sexual reproduction events taking place in colonized areas, increasing the likelihood of
permanent establishment and dispersion of the species in the new area.

The first record of D. lineata (= Haliplanella lineata) in Argentina (Southwestern
Atlantic Ocean) dates back to 2004 in the intertidal zone of Las Grutas, Province of Río
Negro (Excoffon, Acuña & Zamponi, 2004). The reported specimens did not exhibit the
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typical color pattern or smooth column (they had a black and vesiculated-like scapus), but
this was considered as intraspecific variation (Excoffon, Acuña & Zamponi, 2004). It was
later reported in salt marshes in the Bahía Blanca estuary (Buenos Aires Province), where it
was found in sediments associated with the roots and stems of Spartina alterniflora Loisel,
1807 (Molina et al., 2009). In 2013, it was reported in rocky Patagonian shores by the
citizen science program ProyectoSub (https://www.proyectosub.org.ar/, identification
made by DL). Furthermore, it was mentioned in rocky Patagonian marshes (Battini &
Bortolus, 2020) and in Puerto Pirámides, on the coast of Golfo Nuevo, Province of Chubut,
based solely on photographs (iNaturalist, 2022) (Fig. 1). Additionally, its worldwide
distribution has recently been modeled, reporting the highest probabilities of occurrence in
the northern coastal region of Buenos Aires Province (Gimenez, Rivera & Brante, 2022).
No voucher specimens were deposited in any cases, except for the specimens from Bahía
Blanca. Unfortunately, probably by logistical constraints, none of these reports included
molecular data to support species identification.

Diadumene lineata is traditionally recognized by its column color pattern, which is dark
green or brown, with longitudinal stripes of orange, yellow, white, or green (Hancock,
Goeke & Wicksten, 2017). However, taxonomic identifications based just on external
features (e.g., color pattern and tentacle number) or internal morphological characteristics
(e.g., the number of mesenteries, and shape of muscles) can be challenging, especially since
specimens derived from asexual reproduction often exhibit irregular arrangements of
structures (Atoda, 1973). Therefore, identifications using molecular information would
ensure accurate species identification (Beneti et al., 2015).

Figure 1 Distribution of Diadumene lineata documented along the coast of Argentina.
Full-size DOI: 10.7717/peerj.16479/fig-1
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Correct species identification is crucial when studying invasive species. It represents the
minimum requirement for such studies, and species identification based solely on
morphological characteristics often requires the expertise of a taxonomist, which may be
limited or even unavailable depending on the taxa (Darling & Blum, 2007; Schwindt et al.,
2020).

In this study, we obtained DNA sequences of two mitochondrial and two nuclear
markers from four specimens of D. lineata collected in Argentina. One specimen was
collected in Mar Chiquita (Buenos Aires Province) while three specimens were collected in
Garipe beach (Chubut Province), separated by 800 km. Additionally, we conducted an
analysis of the internal morphology, and the types and size range of cnidae using
specimens collected from three coastal locations along the Argentine coast. These analyses
aimed to support taxonomic identification by integrating morphological and molecular
data to confirm the presence of the invasive sea anemone D. lineata in the country.
Furthermore, given the presumed ephemeral nature of introduced D. lineata populations
and their exclusive asexual reproduction outside their native range, we examined the
internal anatomy of representatives from the Argentine coast to assess the presence of
gametogenic tissue, providing insight into their potential for sexual reproduction.

MATERIALS AND METHODS
Sampling
Eight specimens of putative D. lineata were collected in the intertidal zone of Garipe beach
(42�35′55.51″S, 64�49′25.94″W), Chubut Province, in November 2013 (austral spring),
fifty specimens were collected in the intertidal zone of Mar Chiquita (37�44′30.45″S,
57�24′54.98″W) in April 2021 (austral autumn), and twenty specimens in the coast of San
Clemente del Tuyú (36�21′42.10″S, 56�42′45.64″W) in June 2017 (austral winter), both
localities in Buenos Aires Province (Fig. 1). Specimens were collected by hand, using a
small blunt knife. Individuals from Buenos Aires Province were transferred to the
laboratory and kept in an aquarium for photographing their living coloration while those
from Chubut Province were photographed both in situ and in the laboratory. Some
specimens were fixed and preserved in 96% ethanol for molecular studies, but most were
anesthetized in 5% MgCl2 solution or menthol crystals, then fixed in 7–10% formalin in
seawater for several months before being transferred to 70% ethanol for long-term storage.
Voucher specimens were deposited in the invertebrate collection of the Museo Argentino
de Ciencias Naturales “Bernardino Rivadavia” (MACN) and assigned the following
numbers: MACN-In 44051 (Garipe beach, Chubut), MACN-In 44052 (San Clemente del
Tuyú, Buenos Aires) and MACN-In 44053 (Mar Chiquita, Buenos Aires).

Molecular data collection and phylogenetic analysis
Total genomic DNA was extracted from tissue from four specimens (three from Garipe
beach and one from Mar Chiquita) following the procedures implemented by Lauretta
et al. (2014). We targeted two mitochondrial (12S and 16S rDNA) and two nuclear (18S
and 28S rDNA) gene regions. PCR profiles followed those described in Brugler et al. (2018).
PCR products were purified and sequenced by Macrogen, Korea. The new sequences from
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12S, 16S, 18S and 28S have been deposited in GenBank (Tables 1, S1) and were compared
with those from D. lineata and other congeners obtained from Genbank (S1).
We performed two different analyses of the genetic data. First the sequences were aligned
using ClustalW in BioEdit (Hall, 1999) with default parameters, and the Kimura’s
two-parameter (K2P) model (Kimura, 1980) of base substitution was used to calculate
genetic distances using MEGA11 (Tamura, Stecher & Kumar, 2021). This metric is suitable
for sequences with low divergence rates (Nei & Kumar, 2000) and has been employed in
calculating distances for other actiniarians (e.g., Beneti et al., 2015; González-Muñoz et al.,
2015; Grajales & Rodríguez, 2016; Yoshikawa et al., 2022), facilitating comparisons across
different groups (Daly et al., 2010). Then, a phylogenetic reconstruction was carried out
following the approach implemented by Gusmão, Grajales & Rodríguez (2018) for a similar
analysis of Diadumene spp. We incorporated our 12S, 16S, and 18S sequences into the
matrix from Gusmão, Grajales & Rodríguez (2018), which consists of three mitochondrial
gene regions (12S, 16S and COX3) and one nuclear (18S) (S1). The matrix included
representatives of the superfamily Metridioidea and used four species of Actinioidea
Rafinesque, 1815 as outgroups. The other sequences were obtained from GenBank (see S1
for details). The gene regions were aligned separately using MAFFT (Multiple Alignment
using Fast Fourier Transform) ver. 7 (https://mafft.cbrc.jp/alignment/server/) with the E-
INS-I strategy, Gap open penalty of 1.53, and default parameters. For the 12S, 16S and 18S
sequences, hypervariable regions were removed using Gblocks (Castresana, 2000) with
relaxed parameters. The final matrix consisted of 86 taxa and 3,757 total sites. We use a
maximum likelihood approach with the IQ-TREE webserver (Trifinopoulos et al., 2016) to
infer the phylogenetic relationships. The best substitution model for our data was selected
using a different partition per gene (best-fit model according to BIC (Bayesian Information
Criterion): TIM2+F+I+G4: 12s, HKY+F+I+G4: 16s, TIM2e+I+G4: 18s, TIM3+F+G4:
COX3_1, TIM2e+G4: COX3_2, TPM2u+F+I+G4: COX3_3) (Kalyaanamoorthy et al.,

Table 1 GenBank accession numbers of the taxa included in the genetic distance estimates using the K2P model; new sequences in bold.

Species 12S 16S 18S 28S

D. lineata Mar Chiquita OP683484 OP687084 OP688013 OP683573

D. lineata 308 Garipe beach OP683485 OP687085 OR395177 -

D. lineata 309 Garipe beach OP683486 OP687086 OR395178 -

D. lineata 310 Garipe beach OP683487 OP687087 OP688014 -

Diadumene lineata (Japan) JF832965.1 JF832973.1 JF832987.1 JF832998.1

Diadumene lineata (USA) EU190730.1 EU190774.1 EU190860.1 EU190819.1, KJ483107.1, KJ483108.1

Diadumene lineata (USA–California) MT893227.1 – MT895444.1 MT893020.1

Diadumene sp. JF832960.1 JF832976.1 JF832980.1 JF832990.1

Diadumene cincta EU190725.1 EU190769.1 EU190856.1 EU190814.1, KJ483106.1

Diadumene leucolena (Brazil) KY815042.1 KY815043.1 KY815044.1 KJ483123.1

Diadumene leucolena JF832957.1 JF832977.1 JF832986.1 JF832995.1

Diadumene manezinha (Brazil) KY815045.1 KY815046.1 KY815047.1 –

Diadumene paranaensis – KT353112.1 – –
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2017). Gaps were treated as missing data in the analyses. Support for each node was
calculated using ultrafast bootstrap with 1,000 replicates (Hoang et al., 2018).

Morphological analysis
Forty specimens from Mar Chiquita and the 20 specimens from San Clemente del Tuyú
were dissected and examined under a Leica stereomicroscope (mod. EZ4-W) to assess the
mesenterial arrangement and development of gametogenic tissue. Additionally, serial
histological sections of five specimens from Mar Chiquita and two from Garipe beach were
made for a more thorough search of gametogenic tissue; paraffin sections 5–7 µm thick were
stained with hematoxylin-eosin (Estrada-Flores, Peralta & Rivas, 1982). Measurements of
cnidae size ranges were obtained from two specimens from each locality (N = 6). Squash
preparations were obtained from small tissue portions (1 mm3) of acontia, actinopharynx,
mesenterial filaments, column, and tentacles of each individual. For each squash
preparation, the length and width of up to 20 undischarged capsules (when possible) of each
cnidae type present were randomly measured using microscopy at 1,000× oil immersion.
The terminology for cnidae types follows the classification implemented by Gusmão,
Grajales & Rodríguez (2018).

RESULTS
Comparison of genetic markers
Our analysis of molecular data revealed a high resemblance between our samples and
specimens previously identified as D. lineata in the existing literature. The comparison of
aligned sequences of the 12S and 16S mitochondrial markers showed no variation among
individuals from Mar Chiquita and Garipe beach, and D. lineata from Japan and the USA
(retrieved from GenBank). However, differences were observed when compared with all
other congeneric species, such as Diadumene cincta Stephenson, 1925, Diadumene
leucolena (Verrill, 1866), Diadumene manezinha Gusmão, Grajales & Rodríguez, 2018, or
Diadumene paranaensis Beneti et al., 2015. The divergence estimates between D. lineata
and other species of Diadumene varied across these markers, ranging from 0.57‒0.96% for
12S and 1.49‒2.10% for 16S (Tables 2, S2). The 18S nuclear marker sequence from the
Garipe beach specimen showed variations compared to those from Mar Chiquita, with 11
substitutions and three ambiguous sites. The positions of these substitutions were based on
the sequence of the Diadumene lineata voucher SaCr1A small subunit ribosomal RNA
gene (GenBank accession number: MT895444.1, of 1,785 base pairs in length).
The substitutions consisted of three transitions: (T to C, at positions 912 and 1176; C to T,
at position 1710) and eight transversions (G to C, at positions 767 and 1056; T to A, at
positions 882, 1061, 1123; G to C, at position 993; G to T, at position 1049; C to G, at
position 1164). The three sites with ambiguities were T to Y, at positions 1277 and 1306; G
to R, at position 1296. For the 18S marker, the intraspecific divergences among the
sequences of D. lineata varied from 0.00 to 0.74%, whereas between D. lineata and the
other species of Diadumene, they ranged from 4.25 to 5.11% (Tables 2, S2). The sequences
of the 28S nuclear marker could only be obtained from specimens from Mar Chiquita, but
no variation was found between these sequences compared to others of D. lineata from
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GenBank. However, similarly to the 18S marker, there was an intraspecific divergence of
0.45% in a sequence from California, USA (Table 2). The genetic distance calculated for the
28S nuclear marker between D. lineata and other species of Diadumene ranges from 9.28‒
13.74% (Tables 2, S2).

Molecular phylogenetic analysis
The phylogenetic reconstruction recovered the genus Diadumene as monophyletic with
high support (100%) and composed of three major clades (Fig. 2): one clade formed by
D. cincta, Diadumene sp., and D. paranaensis (100%), a second clade by D. leucolena and
D. manezinha (100%), and a third clade by D. lineata from the USA, Japan, and the
Argentine samples (100%). Then, Argentine samples were grouped within the D. lineata
clade (Fig. 2). Similarly to Larson (2016) and Gusmão, Grajales & Rodríguez (2018), we
recovered the clade Metridina of Rodríguez et al. (2012) with high support (100%), which is
composed of Diadumenidae as the sister group to a clade with members of Metridiidae
Carlgren, 1893 and Acricoactinidae Larson, 2016.

Morphological examination
Specimens examined showed the external morphology characteristic of D. lineata:
tentacles relatively large, thin, smooth without any structures, tapered to a point, grayish or
grayish-green and translucent (Figs. 3A, 3B, 3D and 3E); oral disc light-brown or light
green, translucent (Fig. 3A); column dark-green with orange stripes on scapus from
margin to the limbus (Figs. 3A–3D); cinclids clearly visible along the orange stripes
(Fig. 3D); white acontia emerging from the mouth or the cinclids when contracted
(Fig. 3C). No gametogenic tissue was observed in any of the 60 dissected specimens, nor in
those individuals studied with histological sections (Fig. 3F). In addition, the mesenteries
presented an irregular arrangement in every specimen examined, with weak and diffuse

Table 2 Estimated divergence (K2P, expressed as a percentage) of Diadumene lineata compared to
other Diadumene species, based on the comparison of sequences from the four molecular markers
used.

12S 16S 18S 28S

D. lineata Mar Chiquita 0 0 0 0

D. lineata 308 Garipe beach 0 0 0 –

D. lineata 309 Garipe beach 0 0 0 –

D. lineata 310 Garipe beach 0 0 0.74 –

D. lineata (USA) 0 0 – 0

D. lineata (Japan) 0 0 – 0

D. lineata MT893227.1/MT893020.1 0 – – 0.45

Diadumene sp. 0.96 1.79 4.25–5.03 11.37

Diadumene cinta 0.96 1.79 4.25–5.03 12.94–13.74

Diadumene manezinha 0.57 1.79 4.32–5.11 –

Diadumene leucolena 0.57 1.49 4.25–5.04 9.28–9.80

Diadumene paranaensis – 2.10 – –
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retractor muscles (Fig. 3F). The cnidom of our specimens of D. lineata was composed of
spirocysts, basitrichs, holotrichs, and microbasic p-mastigophores A, B1, and B2a (Fig. 4).
However, not all types of cnidocysts were found in every analyzed specimen, and in some
cases, their abundance was also dissimilar (Table 3).

DISCUSSION
Genetic sequence comparisons support the identification of individuals fromMar Chiquita
and Garipe Beach as Diadumene lineata, and thus their presence on the Argentine coast is
confirmed by molecular tools. The lack of variation among mitochondrial sequences of
D. lineata (i.e. 12S and 16S rDNA) is consistent with the slow rates of mitochondrial
sequence evolution observed in many anthozoan groups (Shearer et al., 2002). However,
intra-specific variations among mitochondrial sequences have been reported for some
species of actiniarians. For instance, González-Muñoz et al. (2015) found two haplotypes of
the 12S marker in Phymanthus crucifer (Le Sueur, 1817), which differ by a single
substitution within an 824 bp fragment (K2P distance = 0.1215%). Furthermore, Grajales
& Rodríguez (2016) reported intra-specific variations in the mitochondrial markers 12S
and 16S for several species within Aiptasiidae Carlgren, 1924. In their study, genetic
distances calculated by the K2P model ranged between 0.002 and 0.052 for 12S, and
between 0.0003 and 0.003 for 16S (Grajales & Rodríguez, 2016). The values of intra-specific
divergence for mitochondrial markers described in both previous examples are much

Figure 2 Maximum-likelihood tree from combined analysis of 12S, 16S, COX3, and 18S sequences. Branch numbers indicate Ultrafast Bootstrap
values. Arrows point to D. lineata specimens collected in Argentina. Full-size DOI: 10.7717/peerj.16479/fig-2
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lower than the divergence ranges observed in the present study between D. lineata and
other species of Diadumene (i.e., 0.57–0.96% for 12S, and 1.49–2.10% for 16S). Therefore,
although the absence or low divergence often hinders the recognition of differences among
populations, it is useful for distinguishing genetic differences between congeneric species,
at least for the studied species of Diadumene.

For the nuclear marker 18S, the intra-specific variation (ranging from 0.00 to 0.74%) is
much smaller compared to the inter-specific variation (ranging from 4.25 to 5.11%).
Therefore, we consider that the variations among the D. lineata sequences represent
intra-specific variability (Table 2). However, these results also suggest that this marker
could exhibit some variability among populations of D. lineata. This supports the idea that
nuclear markers can also show intra-specific variability in sea anemones, as reported in
other studies (e.g., Grajales & Rodríguez, 2016; Brugler et al., 2018).

Figure 3 In vivo images of Diadumene lineata from Argentina. (A) in situ, top view, detail of distal
part of the column and oral disc (specimen from Garipe beach); (B) top view, detail of oral disc (specimen
from Mar Chiquita); (C) top view, oral disc and tentacles contracted; (D) lateral view, detail of column.
Arrows point to cinclides; (E) top view, specimen splitting by longitudinal fission in aquarium; (F)
histological transversal section, detail of mesenteries with no trace of gametes. Abbreviations.- a, acontia;
c, column; ci, cinclides; fi, mesenteric filaments; m, mesenterial retractor muscles; od, oral disc; t, ten-
tacles. Scale bars.-a-e: 5 mm; f: 200 µm. Full-size DOI: 10.7717/peerj.16479/fig-3
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The cnidae observed in the examined specimens of D. lineata largely agrees with those
described by Hand (1955) and Excoffon, Acuña & Zamponi (2004) for this species, both in
its composition and in the size ranges of the cnidae. However, the examined specimens
exhibit an additional category of p-mastigophores B2a in the actinopharynx and filaments,
which are longer (i.e., 41.9–60.3 and 28.2–53.4 µm, respectively) compared to those
reported by Hand (1955) (i.e., 18.5–25.0 and 21.5–27.0 µm, respectively) and Excoffon,
Acuña & Zamponi (2004) (20–40 µm in the filaments). Nevertheless, the use of different
nomenclatures and the absence of images of cnidae types in these previous studies make a
proper comparison difficult. Additionally, the presence of holotrichs in the column is
reported. A more detailed study on the variation of types and sizes of cnidae among
D. lineata specimens from distinct populations is required.

The fact that no trace of gametogenic tissue development was found in the specimens
examined suggests that the population was sterile and not capable of sexual reproduction,
at least at the time of collection (austral autumn, winter, and spring). Therefore, it is most
likely that all the individuals examined are clones due to their high capacity for asexual
reproduction. As Stephenson (1935) and Shick & Lamb (1977) reported, we observed a
specimen from Mar Chiquita that quickly began to divide longitudinally, which could
support this hypothesis (Fig. 3E). If these individuals are indeed clones, then it might be
expected that after a period of rapid colonization, the population would eventually decline

Figure 4 Cnidae of Diadumene lineata from Argentina. Notes: (a, e, n) small basitrichs; (b, f, k, o, v)
basitrichs; (c, h, l, s, y) small p-mastigophores B2a; (d, j, u) large p-mastigophores B2a; (i, t, z) med-
ium-size p-mastigophores B2a; (g, p) p-mastigophores A; (q, r) p-mastigophores B1; (m, x) holotrichs;
(w) spirocysts. Scale bars: a-c, e-I, k-t, v-z: 20 µm; d, j, y: 14 µm.

Full-size DOI: 10.7717/peerj.16479/fig-4
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or individuals would become rare, as has been documented in other locations (e.g., Shick,
1976; Shick & Lamb, 1977).Molina et al. (2009) suggested that there is a stable population
of D. lineata in the Bahía Blanca estuary, based on their estimation of population density
detecting higher abundances in the summer months; however, it was unclear whether this
population was made up of clones or even if included individuals capable of sexual
reproduction.

According to Fukui (1995), the peak of sexual reproduction of D. lineata in Japan is
during the boreal summer (from July to August in the northern hemisphere) and involves
the release of gametes. Spermatogenesis starts in late fall when small cysts occur in the
mesoglea and develop from winter to late spring. The growth stage of gametes occurs
during and after April, and mature cysts could be observed in mid-summer (Fukui, 1995).
Our specimens examined fromMar Chiquita and San Clemente del Tuyú were collected in
April and June, respectively (during the austral autumn and winter, respectively), which
falls outside the documented period of sexual reproduction for this species. Conversely, the
specimens from Garipe Beach were collected in late spring, when gametogenesis should be
present. However, the implications that the different seasons of the year may have in the
northern and southern hemispheres, such as the change in temperature regime among one
of the many environmental factors that may be involved in the sexual reproduction of this
species, are unknown.

Diadumene lineata is one of the four species of sea anemones currently considered in
the official list of exotic species of Argentina (Ministry of Environment and Sustainable
Development of Argentina, 2022), along with Aulactinia reynaudi (Milne Edwards, 1857),
currently Bunodactis reynaudi, Oulactis muscosa (Drayton in Dana, 1846) and
Boloceroides mcmurrichi (Kwietniewski, 1898). Additionally, Excoffon & Zamponi (1999)
documented the occurrence of Sagartia troglodytes (Price in Johnston, 1847), currently
Cylista troglodytes, on the coast of Mar del Plata, a species native to European waters.
However, there have been no reports of its presence (nor of B. mcmurrichi) in Argentina
since then. It has also been demonstrated through molecular tools that the specimens
previously identified as A. reynaudi belong to the local species Aulactinia marplatensis
(Acuña et al., 2007). Furthermore, ongoing research aims to verify the uncertain presence
of O. muscosa and B. mcmurrichi in Argentina. Moreover, the official list of exotic species
does not include Metridium senile (Linnaeus, 1761), which is native to the northern
hemisphere (Glon et al., 2020), has previously been reported in the country (e.g., Riemann-
Zürneck, 1975;Martin et al., 2015), and is recognized as one of the most widely distributed
invasive sea anemone species worldwide. Therefore, we consider only two sea anemones as
potentially invasive species in Argentina: D. lineata, present since at least 1999 (Excoffon,
Acuña & Zamponi, 2004) andM. senile, present in Argentina since at least 1966 (Riemann-
Zürneck, 1975).

According to Schwindt et al. (2020), the most probable vectors for the introduction of
D. lineata in Argentina are through ship fouling or ballast water. The arrival of this species
may be linked to international shipping traffic, with the port of Mar del Plata being a likely
initial point of entry. Mar del Plata has a significant port in Argentina, serving both
national fishing activities and housing the country’s most important marina (Castro et al.,
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2021). In fact, Mar del Plata and its surrounding areas have the highest number of reported
introduced species (Schwindt et al., 2020), establishing it as a hotspot for invasive marine
species (Castro et al., 2021). It is plausible that D. lineata has subsequently spread to other
coastal areas, potentially facilitated by recreational vessels, as suggested by Castro et al.
(2021) in their detailed study on potential routes of introduction and distribution of
invasive ascidian species in the country.

Invasive anemones could harm native benthic communities, as recently observed in
Chile with the spread ofM. senile (Häussermann et al., 2022), but the impact of D. lineata
populations on colonized environments remains uncertain. However, a report from the
United Kingdom indicates that this species primarily preys on small crustaceans and may
consume bivalve larvae of commercially important species like oysters and mussels,
affecting diversity and local fisheries (Wood et al., 2022). Diadumene lineata could
compete for space and resources with local species that naturally occupy similar niches
along the southern coasts of the Buenos Aires province, such as Anthothoe chilensis
(Lesson, 1830) or Tricnidactis errans De Oliveira Pires, 1987. On the other hand, it has
been documented that D. lineata is heavily preyed upon by nudibranchs like Aeolidia
papillosa (Linnaeus, 1761) (Shick & Lamb, 1977), similar to local reports of mollusks from
the genera Spurilla Bergh, 1864 and Pleurobranchaea Leue, 1813 feeding on local species of
sea anemones in Argentina (Garese et al., 2012; Bökenhans et al., 2018). Therefore,
continuous monitoring ofD. lineata populations in Argentina is crucial to observe whether
they establish and reproduce, expand their distribution, decline, or potentially cause harm
to local species or alterations in benthic communities.

CONCLUSIONS
We confirm, for the first time, the presence of Diadumene lineata in Argentina using
mitochondrial and nuclear genetic markers and expand the northernmost distribution
limits to include the localities of Mar Chiquita and San Clemente del Tuyú. Furthermore,
because the specimens analyzed are sterile (and possibly clones), we propose that this
species is not currently undergoing sexual reproduction in the studied localities, at least
within the observed timeframe. Therefore, systematic population monitoring over the
years is necessary to asses and track the reproductive cycle of D. lineata along the
Argentinean coast, its spread and potential effects on native communities.
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