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Abstract
The phylum Nemertea is an important component of the benthic ecosystems of the Southern Ocean, but its biodiversity is 
still relatively poorly known in Antarctic waters. There are few common and well-known nemertean species occurring in the 
shallow Antarctic waters, and these include the congeneric Antarctonemertes valida (Bürger, 1893) and Antarctonemertes 
riesgoae Taboada et al., 2013, two relatively small brooding hoplonemerteans whose females lay eggs inside cocoons. A 
third Antarctic member of the genus, Antarctonemertes belgica (Bürger, 1904), was reported only in the original descrip-
tion. Here we document the existence of a fourth Antarctic member of the genus Antarctonemertes originally described as 
Tetrastemma unilineatum Joubin, 1910. Our phylogenetic analysis resulted into the placement of the new Antarctonemertes 
in a robustly supported clade –Antarctic Antarctonemertes– containing the other two congeneric Antarctic species (A. valida 
and A. riesgoae), and pairwise COI molecular distances between the three species ranged from 5.2 to 6.2% (p distance). The 
analysis of 104 COI sequences of the three species showed star-like haplotype networks, as in other studies on Antarctic 
invertebrates. Antarctonemertes unilineata comb. nov. is similar in shape to its Antarctic congeneric relatives and its most 
prominent morphological character is a dorsal mid-longitudinal band present along the body. We also document the pres-
ence of a cocoon built by females of A. unilineata comb. nov., a character shared with its Antarctic congeners analysed here. 
Although the four Antarctic Antarctonemertes species appear to overlap their distribution, A. riesgoae, A. valida and A. 
belgica appear in sympatry in the West Antarctic shores while A. unilineata comb. nov. has been mainly found in the East 
Antarctic shores and sub-Antarctic Islands.
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Introduction

Nemerteans, commonly known as ribbon worms, are a 
group of marine invertebrates whose taxonomy has com-
monly been based on a combination of detailed descriptions 
of external and internal features (e.g. Sundberg et al. 2009; 
Taboada et al. 2013), the latter traditionally considered as the 
diagnostic characters to differentiate among taxa (Sundberg 
et al. 2016a). However, most of the described nemertean 
species are known to have inadequate taxonomic descrip-
tions, either lacking or having inadequately documented 
histological characters and/or lacking proper descriptions 
of their external features that are commonly lost as a pres-
ervation artefact (Gibson 1995). To solve this taxonomical 
conundrum, a group of nemertean taxonomic experts have 
recently proposed that traditional histological techniques 
to describe internal characters are not essential for identi-
fication and description purposes (Sundberg et al. 2016a). 
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Sundberg et al. (2016a), as opposed to other authors (e.g. 
Gibson 1985; Roe et al. 2007), proposed that histological 
features should not be included as a prerequisite to describe/
redescribe new nemertean fauna and that they instead should 
only be used to address questions about internal organ sys-
tems functionality and evolution. To support this statement, 
Strand et al. (2013) suggested that there is no strong evi-
dence that nemertean identifications are more accurate when 
based on internal features, rather than in external. In fact, 
several internal characters used to differentiate between spe-
cies and genera of nemerteans can sometimes show high 
levels of intraspecific variation (Envall and Sundberg 1993). 
In their manifesto, Sundberg et al. (2016a) suggested that 
description and redescription of nemertean species should be 
accepted if they contain information about DNA sequences 
(at least cytochrome c oxidase –COI–), a description of the 
external characters including information on the ecology of 
the species, and type material of voucher specimens being 
fixed in preservatives ensuring future studies on the DNA 
of the species.

Despite the relatively low number of described nemertean 
species in the Southern Ocean (Kajihara et al. 2008), this 
group of organisms plays an important role in these waters, 
with its overall biodiversity being clearly underestimated, 
at least for the western Antarctic Peninsula (Mahon et al. 
2010). A few well-known nemertean species commonly 
occur in the shallow Antarctic waters. One of the most con-
spicuous examples is Parborlasia corrugatus (McIntosh, 
1876), a frequent and relatively large heteronemertean with 
a circumpolar distribution, also reported from sub-Antarctic 
Islands (Thornhill et al. 2008). Other examples include the 
congeneric Antarctonemertes valida (Bürger, 1893) and Ant-
arctonemertes riesgoae Taboada et al., 2013, two relatively 
small brooding hoplonemerteans whose females lay eggs 
inside cocoons, which commonly occur in the intertidal and 
shallow subtidal Southern Ocean (Taboada et al. 2013). The 
two Antarctonemertes and P. corrugatus should be consid-
ered as exceptional cases in the Southern Ocean in the sense 
that they have been extensively characterised either under 
morphological (including both external and internal fea-
tures) or genetic approaches (Gibson 1983; Thollesson and 
Norenburg 2003; Thornhill et al. 2008; Taboada et al. 2013).

Here we document the existence of the fourth Antarctic 
member of the genus Antarctonemertes, which was origi-
nally described as Tetrastemma unilineatum Joubin, 1910 
and redescribed by Gibson and Tait (1984) using traditional 
histological methods. Following specifications by Sund-
berg et al. (2016a), we describe the external morphological 
characters of the species (including details on the cocoon 
built by females) and combine this information with phylo-
genetic data using a nuclear and two mitochondrial markers. 
Furthermore, we provide molecular distances related to A. 
riesgoae and A. valida using a fragment of the cytochrome 

c oxidase I –COI– gene and give additional details regard-
ing the haplotype network patterns of the three Antarctone-
mertes species.

Materials and methods

Sample collection and preservation

Specimens of A. valida (N = 26) and A. riesgoae (N = 24) 
used in this study were collected, during January 2013 by 
hand at low tide from Deception Island (South Shetland 
Islands) (Fig. 1A). A population of T. unilineatum (N = 42) 
was collected during the 2013/2014 austral summer season 
at Beall Island near Casey station, East Antarctica (Fig. 1B), 
a location almost 5000 km apart from Deception Island. All 
specimens were collected from the underside of rocks and 
algae, and after collection the specimens were sorted in the 
lab, photographed alive, preserved in absolute ethanol and 
immediately stored at − 20 °C until DNA extraction. 

DNA extraction and amplification

Genomic DNA was extracted from each of the individuals (a 
portion of the midbody) using the Tissue and Blood Qiagen 
extraction kit (Qiagen, www.qiage n.com) and the Speedtools 
Tissue DNA Extraction kit (Biotools, www.bioto ols.eu) fol-
lowing the protocol provided by the manufacturer. Specific 
primers (ANT_COI-F/ANT_COI-R) and amplification pro-
tocols shown in Online Resource 1 were used to amplify a 
fragment of ca. 600 bp of COI for the total 92 individuals of 
the three Antarctonemertes species. In addition, ca. 400 bp 
of 16S rDNA (16S) and ca. 900 bp of 28S rDNA (28S) were 
amplified for two individuals of T. unilineatum using the 
primers and protocols specified in Online Resource 1. Each 
PCR reaction mix for the primers 16S and 28S contained 
10 μL of REDTaq ReadyMix™ (Sigma-Aldrich), 6.4 μL of 
water, 0.8 μL of each primer and 2 μL of DNA extraction of 
each individual. For the primers ANT_COI-F/ANT_COI-R 
each PCR reaction mix contained 17.75 μL of water, 0.5 μL 
of 100 nM dNTPs (Thermo Fisher Scientific), 1 μL of each 
primer, 0.5 μL of DNA extraction of each individual, and the 
following reagents from the BIOTAQ™ DNA Polymerase 
Kit (Bioline): 2.5 μL of 10 × NH4 Reaction Buffer, 1.25 μL 
of  MgCl2 Solution and 0.5 μL of BIOTAQ DNA Polymer-
ase. Sequencing was conducted on an ABI 3730XL DNA 
Analyser (Applied Biosystems) at the Molecular Core Labs 
(Sequencing Facility) of the Natural History Museum of 
London using the primers mentioned above.

http://www.qiagen.com
http://www.biotools.eu
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Morphological analysis

During the course of the morphological examinations, we 
suspected that the individuals identified as Tetrastemma 
unilineatum in fact belonged to the genus Antarctonemertes 
(see details in Results). Therefore, the formal morphologi-
cal description of Antarctonemertes unilineata comb. nov. 
was based primarily on external characters observed in live 
and preserved specimens in absolute ethanol. Additionally, 
we included information based on histological sections of 
three A. unilineata comb. nov. individuals collected at the 
Gerlache Strait and Paradise Bay (de la Uz 2005).

Phylogenetic analysis

Molecular analyses to place the new A. unilineata comb. 
nov. within its phylogenetic context were conducted with 
datasets for COI, 16S and 28S using sequences available in 
NCBI and sequences obtained in this study (Online Resource 
2). In total, 36 terminal taxa were used in the analysis includ-
ing a selection of hoplonemerteans in order to capture the 
overall diversity of the group and Nipponnemertes sp., Nip-
ponnemertes pulchra (Johnston, 1837) and Nectonemertes 
mirabilis Verrill, 1892 as outgroups for tree rooting as in a 

previous study (Taboada et al. 2013). Overlapping sequence 
fragments were assembled into consensus sequences using 
the software Geneious vs. 8.1.7 (http://www.genei ous.com, 
Kearse et al. 2012), and aligned using Q-INS-I option of 
MAFFT (Katoh et al. 2002). The most appropriate evolu-
tionary model for each gene (GTR+I+G for COI and 28S 
and GTR+G for 16S) was obtained by running the align-
ments in jModelTest (Posada 2008) via the Akaike Informa-
tion Criterion (AIC). Sequences of the three genes were then 
concatenated and analyses were conducted after removing 
uncertain alignment positions of the 16S and 28S sequences 
using Gblocks (Castresana 2000). Gblocks were run using 
the following settings: minimum number of sequences for 
a flank position = 17; maximum number of contiguous non-
conserved positions = 10; minimum length of a block = 5; 
allowed gap positions = with half.

A combined analysis using the three concatenated genes 
(with 16S and 28S Gblocked) was conducted using Maxi-
mum Likelihood analyses (ML) with RAxML (Stamata-
kis 2006; Stamatakis et al. 2008) and Bayesian inference 
analyses (BI) with MrBayes 3.1.2 (Ronquist and Huelsen-
beck 2003). ML were run using 10 heuristic searches (SPR 
and NNI) and robustness of the nodes was determined with 
10 runs and 500 replicates using the evolutionary model 

Fig. 1  Map of the study areas. Insert, map of Antarctica indicat-
ing the approximate location of Deception Island (South Shetland 
Islands) and Casey Antarctic Station. a Deception Island, where sam-
ples of Antarctonemertes riesgoae and Antarctonemertes valida were 
collected. Sta. 2015, indicates the location where samples studied 

here were collected; Sta. 2011, indicates the location where samples 
studied in Taboada et al. (2013) were collected. b Casey station area 
showing the location at Beall Island where samples of Antarctone-
mertes unilineata comb. nov. were collected

http://www.geneious.com
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mentioned above; concatenated sequences were partitioned 
by gene and the protein coding gene (COI) was partitioned 
into codon positions. BI analyses were run twice for each 
dataset with four chains for 15 million generations (25% 
trees discarded as burn-in) sampling a tree every 1000 gen-
erations; partition codons were used for COI and the best 
evolutionary models previously inferred for every gene were 
applied. Convergence among chains, mixing within chains 
(i.e. ESS values) and the number of burn-in generations 
were monitored with the programme TRACER 1.6 (Ram-
baut et al. 2014). Results were visualised in FigTree v.1.4.2 
(Rambaut 2006).

Haplotype networks and genetic distances

The COI sequences of A. riesgoae and A. valida generated 
in our study were combined with COI sequences avail-
able in GenBank for A. valida (KC754990–KC754994 and 
KF935537) and for A. riesgoae (KC754995–KC754999 and 
KF935538; Online Resource 3). COI sequences of A. ries-
goae (N = 30), A. valida (N = 32) and A. unilineata comb. 
nov. (N = 42) were aligned in Geneious vs. 8.1.7 using 
Q-INS-I option in MAFFT. The final 5′ and 3′ ends of the 
alignment were trimmed to obtain sequences of equal size 
for all individuals and this alignment was used to construct 
an unrooted haplotype network with the programme Pop-
ART (http://popar t.otago .ac.nz) under the Median Joining 
network option (Bandelt et al. 1999). Polymorphic sites and 
levels of DNA polymorphism were calculated for each line-
age on each substrate using DnaSP versus 5.10.1 (Librado 
and Rozas 2009), and included number of haplotypes (H), 
haplotype diversity (Hd) and nucleotide diversity (π).

Minimum genetic distances based on uncorrected p dis-
tance and Kimura 2-parameter (K2p) models were calcu-
lated using MEGA vs. 5.2.2 (Tamura et al. 2011); the default 
parameters were used to calculate distances between and 
within the three species. In addition, the same distances 
were calculated between and within monophyletic genera 
and a selection of the paraphyletic genera (Oerstedia and 
Prosorhochmus) based on the phylogenetic results.

Results

Systematics

Genus Antarctonemertes Friedrich 1955.
Antarctonemertes unilineata comb. nov. (Figure 2A–D).
Tetrastemma unilineatum Joubin 1910; Wheeler, 1940; 

Coe, 1950; Dawson, 1957, 1969, 1971; Gibson and Tait 
1984 Prostoma unilineatum Baylis 1915.

Material examined 51 individuals collected from Beall 
Island (66º30.426′S, 110º45.851′E) near Casey station 

(Fig. 1B; Casey Sta.); Leg. F. Alexander, 3 January and 
13 February 2014. Collected at low tide from an intertidal 
rocky area at depths ca. 1 m, found on the underside of rocks 
and associated with the macroalgae Palmaria decipiens 
(Reinsch) R.W.Ricker, 1987. Specimens were transferred 
to aquaria at the Antarctic Australian Division Marine 
Research Facility. Live specimens were kept at 0 ± 1 °C and 
fed frozen prawn, fish and phytoplankton and preserved in 
absolute ethanol on 19 October and 6 December 2015. All 
specimens are deposited at the Natural History Museum of 
London (NHMUK2018-76 to NHMUK2018-126; Online 
Resource 4). 

External features Preserved specimens 10–22 mm long, 
up to 2.5 mm wide. Body tapering at anterior and poste-
rior ends, dorsally rounded, ventrally flattened. Live speci-
mens with triangular head having a prominent median lobe 
resembling the lancet-shaped type represented by Sundberg 
et al. (2009); head shape pointed in living disturbed organ-
isms (Fig. 2A) and rounded after preservation. One pair of 
cephalic furrows evident ventrally, forming a semicircular 
arch. In life, dorsal colour light brown with a prominent 
darker mid-longitudinal band from the anterior to the poste-
rior end; ventral surface dirty white or pale yellow; V-shaped 
cephalic white band with the apex pointing backwards 
(Fig. 2A). After preservation body colour and longitudinal 
and head bands retained (Fig. 2B).

Proboscis apparatus resembles that of most other mon-
ostiliferan hoplonemerteans with two accessory stylet 
pouches with 3–5 accessory stylets each, with a length of 
120–130 μm after measuring two individuals of 6.0 and 
5.5 mm long, respectively (Fig. 2D).

Cocoons Transparent and elongated, 15 mm long by 
4 mm maximum width, dorsally rounded, firmly attached to 
rocks and algae by its ventrally flattened section. Cocoons 
have two openings. From 50 to 125 eggs per cocoon, each 
egg about 0.5 mm in diameter, dark pink in life becoming 
white opaque after preservation (Fig. 2C).

Habitat Specimens of A. unilineata comb. nov. were 
collected in the shallow Antarctic waters of Beall Island, 
(66º30.426′S, 110º45.851′E) near Casey station, East Ant-
arctica (Fig. 1B). Adult individuals were found attached to 
intertidal rocks and macroalgae. The species has also been 
recorded in other localities from the East Antarctica includ-
ing Cape Adare (Joubin 1910; Baylis 1915), the entrance 
to McMurdo Sound (Baylis 1915), Cape Denison (Wheeler 
1940) and offshore from Casey station (Gibson and Tait 
1984), as well as from the sub-Antarctic Crozet and Ker-
guelen Islands (Wheeler 1940). Antarctonemertes unilineata 
comb. nov occurs from the intertidal zone up to 379 m on 
muddy sediment and on shingle (Joubin 1910; Baylis 1915; 
Wheeler 1940; Gibson and Tait 1984). More recently, A. uni-
lineata comb. nov has also been reported from the Gerlache 

http://popart.otago.ac.nz
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Fig. 2  Live specimens of Antarctonemertes unilineata comb. nov. and 
detail of stylets of the three Antarctonemertes species. a Live speci-
men of Antarctonemertes unilineata comb. nov. b Preserved speci-
men of A. unilineata comb. nov. c Live female of A. unilineata comb. 
nov. inside a cocoon brooding its eggs. d Accessory stylets in a pre-

served specimen of A. unilineata comb. nov. e Anterior part of a live 
specimen of Antarctonemertes riesgoae indicating the stylets (arrow) 
f Detail of the stylets of A. riesgoae in a live specimen. g Detail of the 
stylets of Antarctonemertes valida in a live specimen
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Strait and Paradise Bay at 46 and 10 m depth, respectively 
(de la Uz 2005).

Remarks The genus Antarctonemertes was established by 
Friedrich (1955) for two Southern Ocean nemerteans previ-
ously assigned to the genus Tetrastemma, namely Antarctone-
mertes valida and Antarctonemertes belgica (Bürger, 1904). 
As noted by Chernyshev (1999), Antarctonemertes is similar 
to nemerteans of the genus Tetrastemma, distinguished by 
the presence of lateral nerve cords with a small accessory 
nerve, and by separation of the dorsal vessel from the rhyn-
chocel wall. The redescription of Tetrastemma unilineatum 
by Gibson and Tait (1984) did not report the presence of this 
small accessory nerve, although specimens collected from 
the Gerlache Strait and Paradise Bay appeared to have a small 
accessory nerve in the lateral nerve cords (de la Uz 2005), as 
it has already been described for its congeneric Antarctone-
mertes valida and Antarctonemertes riesgoae (Taboada et al. 
2013). Our phylogenetic analyses indicate that A. valida, 
A. riesgoae and A. unilineata comb. nov. form a monophyl-
etic clade (see Phylogenetic analysis), giving support to our 
suggestion to transfer T. unilineatum to the genus Antarc-
tonemertes. Previous descriptions of A. unilineata comb. nov 
never mentioned the presence of a cocoon built by females 
for egg protection, but instead reported unusually large egg 
sizes ranging from 0.2 to 0.4 mm in diameter (Baylis 1915; 
Wheeler 1940), similar to those reported in A. riesgoae and 
A. valida (Taboada et al. 2013). Our observations confirm 
that A. unilineata comb. nov is the fourth brooding nemer-
tean occurring in Antarctic waters after Amphiporus incuba-
tor Joubin, 1914, Antarctonemertes valida, and A. riesgoae 
(Joubin 1914; Taboada et al. 2013). Similar to A. valida and 
A. riesgoae, females of A. unilineata comb. nov also built a 
transparent cocoon with openings at each end. Although in 
the original description of A. belgica the presence of eggs 
was described, a cocoon was never reported in this species 
(Bürger 1904). Colour of the eggs in life differs in the three 
Antarctonemertes species for which we have information: in 
A. valida they appear to be white, yellowish, orange or pink 
(occasionally violet), in A. riesgoae they are blue to light 
purple, while in A. unilineata comb. nov they are dark pink 
(Fig. 2C). As for the external appearance of adults, Amphi-
porus incubator, Antarctonemertes valida and A. riesgoae all 
appear to have a similar dorsal colour in life (brown to dark 
brown), while A. unilineata comb. nov has a light brown dor-
sum (Fig. 2A–B); A. belgica was originally reported as milky 
white turning to brown-greyish after preservation (Bürger 
1904). Both A. unilineata comb. nov and A. riesgoae have a 
V-shaped cephalic band directed backwards but the former 
also has a distinctive dorsal mid-longitudinal band (darker 
than the rest of the body dorsum) that extends along the body 
of the animal (Fig. 2A–B); A. valida has two white lateral 
patches while A. incubator has no particular cephalic pattern 
(Joubin 1914; Taboada et al. 2013). No particular cephalic 

pattern was described for A. belgica (Bürger 1904). Similar to 
A. incubator and A. riesgoae, A. unilineata comb. nov has a 
pair of cephalic furrows evident ventrally forming a semicir-
cular arch, while A. valida has two pairs of cephalic furrows 
forming a ventral, anterior directed ‘V’. Antarctonemertes 
unilineata comb. nov and A. valida have 10 proboscideal 
nerves, while A. riesgoae has 12 proboscideal nerves (Gibson 
and Tait 1984; de la Uz 2005; Taboada et al. 2013). Antarc-
tonemertes riesgoae, A. valida and A. unilineata comb. nov 
appear to have a similar stylet apparatus, with two acces-
sory stylet pouches and smooth stylets (Fig. 2D–G); cylin-
drical basis of stylets could only be observed in A. valida 
and A. riesgoae (Fig. 2E–G). No observations of these fea-
tures were reported for A. belgica (Bürger 1904). Although 
a comprehensive information about the distribution of the 
different species in Antarctic waters is lacking, A. incubator, 
A. belgica, A. valida and A. riesgoae are sympatric species 
that have been recorded only in the West Antarctica (Bürger 
1904; Joubin 1914; Taboada et al. 2013), while A. unilineata 
comb. nov appears to be more common in East Antarctica 
and the sub-Antarctic Kerguelen and Crozet Islands, occa-
sionally occurring in sympatry with A. valida and A. riesgoae 
in the Antarctic Peninsula (de la Uz 2005; authors’ personal 
observations).

Phylogenetic analysis

The consensus tree obtained from the Bayesian Inference 
(BI) analysis of the concatenated alignment is shown in 
Fig. 3, which also summarises the support recovered from 
the Maximum Likelihood (ML) analysis. The concatenated 
alignment consisted of 1842 bp (539 bp of COI, 374 bp of 
16S and 929 bp of 28S), and both BI and ML analyses recov-
ered similar tree topologies. Antarctonemertes unilineata 
comb. nov. appeared in a robustly supported clade –Antarctic 
Antarctonemertes– as sister to the other two congeneric Ant-
arctic species (A. valida and A. riesgoae) (Fig. 3). Although 
recovered with a low support in the BI analysis, the Antarctic 
Antarctonemertes clade was sister to a clade including several 
species from different genera including the congeneric Ant-
arctonemertes varvarae Chernyshev, 1999 and Antarctone-
mertes phyllospadicola (Stricker, 1985), originally described 
from the coast of Russia and the Pacific coast of the USA, 
respectively (Stricker 1985; Chernyshev 1999).

Haplotype networks and genetic distances

A 505 bp fragment of COI was analysed for a total of 104 
organisms including 30 individuals of A. riesgoae, 32 of 
A. valida and 42 of A. unilineata comb. nov. The haplotypes 
for the three species were independent and were connected 
by 24 mutational steps between A. unilineata comb. nov. 
and A. valida and also between A. valida and A. riesgoae 
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(Fig. 4). Haplotype and nucleotide diversity were low for 
A.  riesgoae (Hd = 0.253 and π = 0.0005) and A.  valida 
(Hd = 0.236 and π = 0.0005) accounting for five and four 
haplotypes, respectively (Table 1). Both species displayed 
star-like haplotype networks with a dominant haplotype 
(Hrie_1 = 87%; Hval_1 = 88%) and low frequency haplo-
types separated by just one mutational step from the domi-
nant (Fig. 4). All individuals from GenBank for the two spe-
cies (collected also in Deception Island in 2010, five years 
prior to specimens collected in this study) corresponded 
to the dominant haplotype. Similarly, A. unilineata comb. 
nov. presented a star-like haplotype network with a dominant 
haplotype (Huni_1 = 62%) with 7 low frequency haplotypes, 
the majority of which only had one unique mutational step 
difference respect to the dominant haplotype (Fig. 4). Hap-
lotype (Hd = 0.591) and nucleotide diversity (π = 0.0019) for 
A. unilineata comb. nov. were higher when compared with 
that of their congeneric species (Table 1).

The COI genetic distances between the three spe-
cies ranged from 5.4 (K2p) to 5.2% (p distance) between 

A. riesgoae and A. valida, to 6.5% (K2p) and 6.2% (p dis-
tance) between A. riesgoae and A. unilineata comb. nov. 
(Table 2). The within-species genetic divergence was the 
lowest for A. riesgoae and A. valida (Table 2). The COI 
genetic distances between the different genera considered 
in this study was always greater than 12% and ranged from 
13.8% (K2p) and 12.6% (p distance) between Oerstedia 
and the non-Antarctic Antarctonemertes, to 20.1% (K2p) 
and 17.5% (p distance) between Ototyphlonemertes and the 
non-Antarctic Antarctonemertes (Table 3). The within gen-
era genetic divergence varied dramatically and ranged from 
0.37% (K2p and p distance) in Oerstedia, to 21.58% (K2p) 
and 18.55% (p distance) in Ototyphlonemertes (Table 3).

Discussion

As noted by Strand and Sundberg (2005), the use of morpho-
logical species delimitation in genera such as Tetrastemma is 
questionable. Here we follow the current trend in nemertean 
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Fig. 3  Phylogenetic tree of selected hoplonemerteans based on the 
concatenated analyses of COI, 16S and 28S from Bayesian infer-
ence analysis (BI). Posterior probability –pp– (above) and bootstrap 
–bs– values (below) are indicated on each node. Dash on the node 
indicates node not supported by Maximum Likelihood (ML) analy-
sis. Red colour indicates pp = 1 and bv = 100; orange colour indicates 

pp = 0.97–0.99 and bv = 90–99; green colour indicates pp = 0.93–0.96 
and bv = 80–89; blue colour indicates pp = 0.90–0.92 and bv = 70–79. 
No information in the nodes indicates that node was recovered with 
pp < 0.90 and bv < 70. The Antarctic Antarctonemertes clade is high-
lighted in blue and the new individual included in our analyses is in 
blue bold. (Color figure online)
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taxonomy of combining external morphological characters 
with molecular data to place the species within its phyloge-
netic context (e.g. Sundberg and Strand 2010; Strand et al. 
2013; Taboada et al. 2013; Herrera-Bachiller et al. 2015). 

Traditionally, an hoplonemertean with four eyes, without 
other distinguished characteristic, was included in the genus 
Tetrastemma (see Strand and Sundberg 2005). Thus, it is 
unsurprising that the two Antarctic Antarctonemertes spe-
cies described by Bürger (1898; 1904), A. valida and A. bel-
gica, were originally assigned to Tetrastemma. This poorly 
defined genus also included the Antarctic species Tetras-
temma unilineatum described by Joubin (1910).

Here we report the taxonomical status of Tetratemma uni-
lineatum as belonging to the genus Antarctonemertes estab-
lishing a new combination for the species, thus increasing 
the number of Antarctic Antarctonemertes to four after A. 
belgica, A. riesgoae and A. valida (Bürger 1904; Friedrich 
1955; Taboada et al. 2013). The general appearance of live 

Fig. 4  COI haplotype networks 
for Antarctonemertes riesgoae, 
Antarctonemertes valida and 
Antarctonemertes unilineata 
comb. nov. Colour coding for 
A. riesgoae and A. valida cor-
responds to samples collected in 
our study in 2013 and samples 
collected in 2010 in the study by 
Taboada et al. (2013). Missing 
inferred haplotype for A. valida 
in black. (Color figure online)

Antarctonemertes riesgoae

Antarctonemertes valida

Antarctonemertes unilineata comb. nov.

A. riesgoae_2010

A. valida_2013 (this study)

A. unilineata comb. nov.

A. riesgoae_2013 (this study)

A. valida_2010

10 samples

1 sample

Hrie_1

Hval_1
Huni_1

Table 1  Summary of the genetic variability for the COI for the three 
different Antarctonemertes species considered in the study. N number 
of individuals, H number of haplotypes, Np number of polymorphic 
sites, Hd haplotype diversity, π nucleotide diversity

Species N H Np Hd π

A. riesgoae 30 5 4 0.253 ± 0.104 0.0005 ± 0.0002
A. unilineata 

comb. nov.
42 8 8 0.591 ± 0.079 0.0019 ± 0.0004

A. valida 32 4 3 0.236 ± 0.009 0.0005 ± 0.0002

Table 2  Percentage of COI genetic distances and standard error using 
K2p and p distance methods (left and right of each pairwise compari-
son, respectively) for the three Antarctic Antarctonemertes. Values 

below the diagonal correspond to pairwise comparisons between spe-
cies, while values in the diagonal correspond to within species dis-
tances

A. unilineata comb. nov A. riesgoae A. valida

A. unilineata comb. nov 0.19 ± 0.08/0.19 ± 0.08
A. riesgoae 6.5 ± 1.1/6.2 ± 1.0 0.05 ± 0.02/0.05 ± 0.02
A. valida 5.6 ± 1.1/5.4 ± 1.0 5.4 ± 1.1/5.2 ± 0.9 0.05 ± 0.02/0.05 ± 0.02
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adults of A. riesgoae, A. valida and A. unilineata comb. nov. 
is quite similar, with A. unilineata comb. nov. being slightly 
smaller than A. riesgoae and A. valida. Both A. riesgoae 
and A. unilineata comb. nov. have a pair of cephalic fur-
rows ventrally forming a semicircular arch in addition to a 
white V-shaped cephalic posterior directed band (Taboada 
et al. 2013). Interestingly, females of A. riesgoae, A. valida 
and A. unilineata comb. nov. build cocoons with two open-
ings where they lay and incubate their eggs, to the authors’ 
knowledge something that was never reported in any stud-
ies investigating T. unilineatum (Joubin 1910; Baylis 1915; 
Wheeler 1940; Coe 1950; Gibson and Tait 1984).

Our phylogenetic results confirm that the Antarctic Ant-
arctonemertes clade is monophyletic and also indicate that 
the genus Antarctonemertes is paraphyletic (Fig. 3). Para-
phyly is also supported by the genetic distances we observed 
between Antarctic and non-Antarctic Antarctonemertes 
(15.9% for K2p and 14.3% for p distance), which were simi-
lar to those calculated for the remainder of pairwise com-
parisons between genera (Table 3). Our results therefore 
indicate that species in the Antarctic and non-Antarctic Ant-
arctonemertes should not be considered as members of the 
same genus. Considering that A. valida is the type species 
of the genus, the generic epithet should only be used for the 
Antarctic Antarctonemertes and, consequently, the species 
A. varvarae and A. phyllospadicola should be transferred 
to another genus, probably the genus Kurilonemertes estab-
lished as subgenus by Chernyshev (1993) to designate boreal 
species of the genus Antarctonemertes. However, a compre-
hensive phylogenetic analysis should be conducted including 
all Antarctonemertes before taxonomical actions are taken, 
which is beyond the scope of our study. Furthermore, the 
pairwise COI genetic distances between the three Antarc-
tic Antarctonemertes ranged from 5.2 to 6.2%, these values 
being greater than the 3% (p distance) threshold suggested 
as a barcode gap for nemerteans (Sundberg et al. 2016b).

The haplotype networks recovered for each of the Antarc-
tic Antarctonemertes were similar, all being star-like with a 
dominant central (probably ancestral) haplotype and low fre-
quency haplotypes deriving from the former (Fig. 4), a pat-
tern indicative of bottleneck events followed by population 
expansion (Slatkin and Hudson 1991). Similar star-like hap-
lotype networks were recovered for the Antarctic shallow-
water common echinoid Sterechinus neumayeri (Meissner, 
1900) from both the Antarctic Peninsula and Terra Adélie 
(East Antarctica) (Díaz et al. 2011). Furthermore, the com-
mon heteronemertean Parborlasia corrugatus and the deep-
water shrimps Chorismus antarcticus (Pfeffer, 1887) and 
Nematocarcinus lanceopes Spence Bate, 1888 also displayed 
similar star-like haplotype networks, although several popu-
lations across the Southern Ocean were studied together for 
these three species (Thornhill et al. 2008; Raupach et al. 
2010). However, it is important to note that the echinoid, the Ta
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heternomertean and the two shrimps mentioned above all 
have planktotrophic larvae and hence large dispersal capabil-
ities, in contrast to what we know for the Antarctonemertes 
species studied here. Haplotype and nucleotide diversity 
were slightly higher in A. unilineata comb. nov. when com-
pared to A. riesgoae and A. valida. Given that only one pop-
ulation per species were considered in our study, it would be 
premature to propose any further conclusions based on these 
observations, and further studies including samples from 
other areas are needed. Interestingly, the specimens of A. 
valida and A. riesgoae collected at Deception Island in 2010 
by Taboada et al. (2013) shared the dominant haplotype with 
samples collected in our study in 2013 (Fig. 4). Whether this 
lack of variability in the haplotypes found in several years is 
a typical pattern for these species across their range or it is 
related to the characteristics of Deception Island (a natural 
harbour with a relatively low connection to the open sea; 
Lenn et al. 2003), remains unclear. Interestingly, a previ-
ous study on the siboglinid annelid Osedax deceptionensis 
Taboada et al., 2013 at Deception Island found that the hap-
lotype of a single specimen collected in 2010 did not match 
any of the 11 haplotypes (out of 18 individuals) reported 
in the same location two years later (Taboada et al. 2015). 
However, O. deceptionensis has a lecithotrophic larval stage 
that confers this species remarkable dispersal abilities as 
opposed to Antarctonemertes species (Taboada et al. 2015).

Antarctonemertes riesgoae, A. valida and A. unilineata 
comb. nov. are relatively abundant organisms in the upper 
subtidal zone where adults and their cocoons are easily 
detectable under rocks and/or attached to algae (Taboada 
et al. 2013); A. belgica, though, was described by Bürger 
(1904) in the intertidal of the South Shetland islands and, 
to our knowledge, never reported again. Extensive surveys 
along the South Shetland Islands and West Antarctic Pen-
insula during the past few years have identified abundant 
populations of A. riesgoae and A. valida usually occurring 
in sympatry (authors’ unpublished data). However, other 
authors have reported the occurrence of A. unilineata comb. 
nov. in the Western Antarctic Peninsula (de la Uz 2005), 
implying that the four Antarctic Antarctonemertes species 
at least partially overlap in their distribution. Nevertheless, 
our observations in the vicinities of Casey station and pre-
vious studies indicate that A. unilineata comb. nov. is more 
frequent in the East Antarctic shores and sub-Antarctic 
Islands (Dawson 1969). Further extensive studies in previ-
ously unexplored areas across the Southern Ocean and sub-
Antarctic Islands may challenge this observed trend.
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