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Zoogeography of the Antarctic ascidian fauna in relation to the
sub-Antarctic and South America
CARMEN PRIMO and ELSA VÁZQUEZ
Departmento Ecoloxı́a e Bioloxı́a Animal, Facultade de Ciencias do Mar, Universidade de Vigo, 36310 Vigo, Spain
carprimo@uvigo.es

Abstract: This study of the relationships between the Antarctic, sub-Antarctic and South America
biogeographical regions used both existing and new data. We constructed a presence/absence matrix of
237 species for 27 biogeographical divisions which included the Amsterdam-Saint Paul and Tristan da
Cunha islands. Species and areas were classiﬁed using cluster analysis combined with MDS ordination.
Six main groups were obtained from the species classiﬁcation: 1) Amsterdam-Saint Paul, and 2) Tristan da
Cunha species, 3) species from the Macquarie Province, 4) species from the sub-Antarctic Region, 5)
Antarctic species and species distributed in the cold regions, 6) South American species. The
biogeographical components were dominated by the endemic (although it is not as high as in other
groups), Antarctic-South America and Southern Hemisphere elements. Except for Amsterdam-Saint Paul,
Tristan da Cunha and Bouvet, the areas considered were grouped together with Macquarie being rather
related to New Zealand regions. We speculate that the Antarctic Region may have acted as an
“evolutionary incubator”, providing a centre of origin for sub-Antarctic and South American ascidians.
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Introduction

barrier to interrupt it around the globe. Only at the Drake
Passage (between Cape Horn and South Shetlands Islands)
is the West Wind Drift Current restricted to a narrow
passage of about 300 km. Here, part of the ﬂow is directed
northwards to the Humboldt Current system along the
Chilean coast and part is entrained into lower latitudes after
rounding Cape Horn, ﬂowing north as the Falkland Current
(with cold sub-Antarctic waters) until it reaches the Brazil
Current. Cold-core eddies are shed at this point because the
Falkland Current makes an abrupt cyclonic loop and
returns towards the south-east parallel with the ﬂow of the
Brazil Current.
The ascidians have a sessile lifestyle for the adults and
direct development or a short-term planktonic stage of their
larvae (combined embryonic and larval periods of up to
two weeks: Cloney et al. 2002), making them an excellent
group for biogeographical studies, but there have been few
studies on their distributional patterns.
Although there is a relatively high number of taxonomic
studies of ascidians in the Antarctic, sub-Antarctic and
South America regions (Millar 1960, Kott 1969, Monniot
& Monniot 1983, Sanamyan & Schories 2003)
biogeographical studies are scarce and they generally only
make a passing reference to species distribution or
geographical relationships (Kott 1969). To date, only
Monniot & Monniot (1983) and Ramos-Esplá et al. (2005)
have dealt with statistical biogeography for these regions.
Nevertheless, there are a number of recent biogeographical
studies for these regions on other organisms (Sarà et al.

The Antarctic Region has a special interest since it is
practically isolated from the adjacent regions, both because
of the geographical distance and because of its
hydrographical and climatic conditions. Moreover, this
region is surrounded by the Atlantic, Indian and Paciﬁc
basins, with depths of 4000 – 5000 m, so the only current
connection with the sub-Antarctic islands and the
continental lands is through a number of submarine
bridges. Marine biogeography is intimately linked with
both water temperature and currents; making the Southern
Ocean, with its strong currents and temperature fronts, a
good reason to study distributional patterns.
The Southern Ocean can be separated into two concentric
rings. In the inner one, between the continent and the
Antarctic Divergence (about 658S), the East Wind Drift
Current ﬂows westwards with numerous eddies generated
by the topography of the coast, most importantly those of
the Ross Sea and the Weddell Sea (Fig. 1). The outer ring
is limited by the Polar Front and within this the water
ﬂows eastwards as part of the West Wind Drift Current.
The Antarctic Polar Front lies at about 508S and is where
the cold surface water sinks below the warmer temperate
water, leading to a rapid change in water temperature over
very short distances.
The sub-Antarctic Region is located in the Southern
Ocean, between the Antarctic Polar Front and the
Subtropical Convergence (this last one is very variable,
between 358 and 458S). Uniquely it has no continental
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and McDonald islands (538S – 72830’E), Marion and
Prince Edward islands (46830’S – 388E) and Iles
Crozet (468S – 518E), (PMQ) Macquarie Island
Province (548S– 1598E).
3. South America Region: undivided, from Chiloé Islands
(438S – 73830’W) on the west coast to Valdes Peninsula
(42830’S – 648W) on the east, as well as Falkland
Islands (51845’S – 598W).

Fig. 1. Coastline of Antarctica, sub-Antarctic islands and South
America showing the principal oceanic currents. Biogeographical
areas in black. See text for more details.

1992: demosponges, Saiz-Salinas & Pagola-Carte 1999:
sipunculids, Sicinski & Gillet 2002: polychaetes, Barnes
2006: bryozoans, Linse et al. 2006: molluscs).
Encouraged by a study of the biogeography of Southern
African ascidian fauna (Primo & Vázquez 2004) our
taxonomic study on the Antarctic ascidians provided us
with the opportunity to look at possible explanations for
their biogeographical distribution. As good data on currents
and surface water temperature extended north beyond the
Antarctic region, we decided to extend the study to the
sub-Antarctic and the South America regions as well.

We also considered the Amsterdam-Saint Paul islands
(388S –77830’E) in the South Indian Ocean and the Tristan
da Cunha group of islands (388S – 12820’W) in the South
Atlantic Ocean, both within the limits of the Subtropical
Front.
The Ascidiacea studied included all species cited for these
regions, from the intertidal to the abyssal zone (7000 m
depth), but excluding those of uncertain identiﬁcation (see
Appendix A). The latter includes 16 mainly colonial
species distributed among the different genera.
Each record was assigned to one of the biogeographical
provinces and, in addition, we reviewed the world
distribution of each species and assigned them to the
classical regions proposed by Briggs (1995). With all this
information a presence/absence matrix of 237 species and
27 biogeographical areas was constructed (Appendix A).
Ascidian species were classiﬁed by cluster analysis and the
Bray-Curtis coefﬁcient was applied. Legendre & Legendre
(1998) suggested that the most suitable indices were those
that avoid the effect of double-zeros, so that the doubleabsences are not taken as an indication of similarity. The
UPGMA (unweighted pair group method using arithmetic
averages) aggregation algorithm was applied.

Materials and methods
A presence/absence matrix of species and biogeographical
regions was ﬁrst assembled, using mainly the work of
Monniot & Monniot (1983) together with recent data. The
biogeographical regions used were those proposed by
Briggs (1995). Although the exact number of provinces
around the Antarctic, sub-Antarctic and South America
regions, as well as their boundaries, appears to vary with
each taxon, for the purposes of the present study, the
regions studied were divided into provinces, also according
to Briggs (1995) who proposed the following (Fig. 2):
1. Antarctic Region: (PSP) South Polar Province,
including the Antarctic continent as well as South
Shetlands (60830’S – 608W), South Orkney (60830’S–
458W) and South Sandwich (598S – 278W) islands,
(PSG) South Georgia Province (54830’S-368W),
(PBO) Bouvetøya Province (558S – 3830’E).
2. sub-Antarctic Region: (PKE) Kerguelen Province,
including Iles Kerguelen (49830’S – 69840’E), Heard
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Fig. 2. Bray-Curtis classiﬁcation analysis of the 237 ascidian
species present in the regions studied. The numbers are given in
the text.
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kuranui is not present in the sub-Antarctic
Region but in the South American one;

The distribution of the species in the biogeographical
components, on the basis of their distribution beyond the
limits of the studied regions, was calculated directly from
the presence/absence matrix as species frequency. We
considered the following groups:

IVb) 44 species associated with Kerguelen Province,
32 of which are endemics whilst others appear
in adjacent regions;

1. endemics - species not recorded from beyond the limits
of the considered region,

IVc) 14 species with a broad distribution in the
Southern Hemisphere.

2. cosmopolitan - species present in most of the global
regions,

V) those related to Antarctic waters divided into:

3. Southern Hemisphere - species with a broad distribution
in the Southern Hemisphere,

Va) 102 species with a restricted distribution in the
studied regions, 49 of them present in the
South Polar Province - 44 of which are endemics

4. cold regions - species from the cold and cold-temperate
regions in the Southern Hemisphere,

Va1) two Antarctic species which also extend to
the Australian regions

5. Antarctic – sub-Antarctic - species only from Antarctic
and sub-Antarctic waters,

Va2) 12 species centred in the South Polar
Province but also present in the subAntarctic and South America regions

6. Antarctic – South American, Antarctic – Southern New
Zealand, Antarctic – Tasmanian and AntarcticSouthern African - species recorded in the Antarctic
and/or sub-Antarctic regions and in South America,
Southern New Zealand, Tasmania and Southern
Africa respectively,
7. Southern American - species recorded from beyond the
South America Region, in the warm-temperate regions
of the continent.
Biogeographical divisions were obtained in the same way as
for the species, but in this case the results of the classiﬁcation
were combined with MDS ordination (non-metric
multidimensional scaling) to conﬁrm the groups obtained.
Analyses were run using SPSS (Statistical Package for the
Social Sciences).
Results
Speciﬁc composition
The Bray-Curtis classiﬁcation analysis revealed six major
groupings (Fig. 2; species per group in Appendix B).
I) two species living in the Amsterdam-Saint Paul
islands, both endemic.
II) 15 species divided into two subgroups:
IIa) 11 cosmopolitan species, most of them present at
Tristan da Cunha islands and/or at AmsterdamSaint Paul islands, and
IIb) four endemic species from the Tristan da Cunha
islands.
III) nine species related in the Macquarie Province, four
of them endemic.
IV) species from sub-Antarctic waters divided into three
subgroups:
IVa) ﬁve sub-Antarctic species that also inhabit the
New Zealand regions, although Synoicum
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Va3) 39 species from South Georgia and
Bouvetøya provinces also distributed in
the sub-Antarctic and South America
regions,
Vb) six species with a rather broad distribution in the
Southern Hemisphere, but most of them
principally associated with the Southern
African Region.
VI) 40 species from the South American Region, 22 of
which are endemics.
Biogeographical components
The frequency distribution of species in the biogeographical
components (Table I), on the basis of their distribution
beyond the limits of the regions studied, allows a better
interpretation of the composition of the ascidian fauna. We
considered each region separately in order to clarify the
interpretation, so some species will appear in several
analyses, since they are present in several biogeographical
areas.
After classifying the 136 Antarctic species into nine
faunistic components, we showed that the endemic
component was the richest one, representing almost half of
the total ascidian fauna (most of the species only from the
South Polar Province). The Antarctic-South American and
Southern Hemisphere components were the next largest
groups, followed by the Antarctic –sub-Antarctic. Finally,
the cosmopolitan, cold regions and Antarctic – Southern
New Zealand, Antarctic-Tasmanian and Antarctic-Southern
African components were minority groups.
The 105 sub-Antarctic species had a similar distribution
within the biogeographical components, although the
percentages were quite different. The endemic species had
a lower percentage (most of them only from the Kerguelen
Province). The Southern Hemisphere and Antarctic –South
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Table I. Frequency distribution in the biogeographical components of the biogeographical areas considered.

Endemics
Cosmopolitan
Southern Hemisphere
Cold Regions
Antarctic-sub-Antarctic
Antarctic-South America
Antarctic-Southern New Zealand
Antarctic-Tasmanian
Antarctic-Southern African
Southern American

Antarctic

Sub-Antarctic

South America

Amsterdam-Saint Paul

Tristan da Cunha

44
5
18
1
7
21
2
1
1
2

36
6
22
1
9
19
3
3
2
2

25
5
18
2
2
39
2
2
2
7

33
50
17
2
2
2
2
2
2

31
54
15
2
2
2
2
2
2
2

American components were similar, but with inverse
importance. They were followed by the Antarctic – subAntarctic and cosmopolitan components. The minority
groups had greater percentages here than in the Antarctic
Region.
In the South America Region, with 87 species, the richest
group was the Antarctic-South America component, closely
related to the South Georgia Province. The endemic and
Southern Hemisphere components were quite numerous
too, while the Southern American, cold regions and
cosmopolitan species were minority.
As for the Amsterdam-Saint Paul and Tristan da Cunha
groups, with 6 and 13 species, the distribution in
biogeographical components was very similar, with the
cosmopolitan component dominant, followed by the
endemics and the Southern Hemisphere group. However,
because of the relatively low number of samples collected
from these provinces, interpretation of these data should be
still considered as preliminary.

excluding those regions with less than ten citations
(Fig. 4b). The results of the second analysis conﬁrmed the
afﬁnities of the Antarctic, sub-Antarctic and South America
provinces already shown by the cluster analysis and

Afﬁnities with other biogeographical regions
The cluster obtained from the classiﬁcation analysis of
biogeographical areas (Fig. 3) showed that the Bouvet
Province appeared to be very different from the rest of the
Antarctic provinces, which were grouped and associated
with the South America Region and the sub-Antarctic
Kerguelen Province. Macquarie Province was however
related to New Zealand regions, although this group also
showed a certain similarity with the cold regions cluster.
Amsterdam-Saint Paul and Tristan da Cunha appeared
deﬁnitively separated in this analysis. The MDS ordination
(Fig. 4a) conﬁrmed the separation of Amsterdam-Saint
Paul and Tristan da Cunha, while Bouvet Province,
although separated, appeared quite near to the rest of
Antarctic provinces. Macquarie Province was nearer to the
cold regions than to Southern New Zealand, but it seems to
serve as a “bridge” between these regions.
We were concerned that the inclusion of some regions with
only a few citations may have masked the true relationships
among the other areas. We therefore repeated the analysis
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Fig. 3. Bray-Curtis classiﬁcation analysis of the 27 biogeographical
areas. (PSP ¼ South Polar Province, PSG ¼ South Georgia
Province, PBO ¼ Bouvet Province, PKE ¼ Kerguelen Province,
PMQ ¼ Macquarie Province, SAS ¼ South America Region,
AS ¼ Amsterdam-Saint Paul, TG ¼ Tristan da Cunha, TAS ¼
Tasmania Region, SNZ ¼ Southern New Zealand Region,
SAF ¼ Southern Africa Region, SAE ¼ Eastern South America
Region, SAW ¼ Western South America Region, TPE ¼ Eastern
Paciﬁc Region, IPW ¼ Indo-West Paciﬁc Region, SAU ¼
Southern Australia Region, NNZ ¼ Northern New Zealand
Region, JAP ¼ Japan Region, BPW ¼ Western Paciﬁc Boreal
Region, BPE ¼ Eastern Paciﬁc Boreal Region, CAL ¼
California Region, GUI ¼ Eastern Atlantic Region, AM ¼
Mediterranean-Atlantic Region, BAE ¼ Eastern Atlantic Boreal
Region, BAW ¼ Western Atlantic Boreal Region, CAR ¼
Carolina Region, ATW ¼ Western Atlantic Region).
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Fig. 4. MDS ordination analysis of the 27 biogeographical areas.
a. All biogeographical areas considered. b. Bouvet Province,
Amsterdam-Saint Paul, Western South America Region,
Southern Australia Region, Eastern Paciﬁc Region, Eastern
Atlantic Region, Western Atlantic Region, and all the Northern
Hemisphere regions removed. (The areas are the same as given in
the caption for Fig. 3).

showed the Tristan da Cunha group closer to the Southern
Africa Region.

Discussion
Speciﬁc composition, biogeographical components and
afﬁnities with other biogeographical regions
Amsterdam-Saint Paul and Tristan da Cunha groups were
included in this study because of their location near the
Subtropical Front, so they are affected by the West Wind
Drift Current, which carries cold water from the Antarctic.
However, these two groups were clearly isolated in the
analyses (Figs 2–4). This may be due to the considerable
geographical distances that separate them from the
continental landmasses combined with the ascidian short
planktonic larval stage, thus leading to a higher endemic
percentage (Table I). Cosmopolitan species acquire more
importance probably because of their location at the limits
of the Subtropical Front (from where ascidians could have
extended their distribution). Species with a broad
distribution comprised a high percentage (in all the areas
considered) for an organism with a brief larval stage (in fact,
species restricted only to cold regions were scarce); passive
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transport by ﬂoating wood, seaweeds or, more recently, by
anthropogenic factors such as hull fouling, is the most likely
explanation for this distribution (Monniot et al. 1985). The
apparent similarity between Tristan da Cunha and the
Southern African Region seen in Fig. 4b was rejected by
Primo & Vázquez (2004), where a slight connection with
the Antarctic and sub-Antarctic regions was suggested.
However, in a strict sense, those species related to Antarctic
and sub-Antarctic are not restricted to these regions. The
result is a fauna composed only of endemics and species
with a broad distribution, so neither Amsterdam-Saint Paul,
nor Tristan da Cunha shows a clear relationship with any
other region. Another possibly important factor is water
depth, since many of the cited species were found at abyssal
depths, especially at Tristan da Cunha.
The lack of Bouvet endemics is remarkable. This could be
explained by its youth and because, despite its isolation, it is
located in the West Wind Drift Current and the Weddell
Gyre (Linse 2006) so it could be a stepping stone between
the Antarctic and sub-Antarctic regions for benthic
organisms. A more extensive study is required to clarify the
real afﬁnities of this province because of the small number
of citations (only eight species) in spite of recent cruises
(Arntz et al. 2006). However, at present its separation from
the other Antarctic provinces (Figs 3 & 4) could simply be
due to the low sampling effort. Bouvet species appeared in
the Antarctic group in the analysis of speciﬁc composition
(Fig. 2); all of them were collected from the Antarctic
Region and two of them have an exclusive Antarctic
distribution, so it seems to be more associated with this region.
South Polar and South Georgia provinces appear more
related (Fig. 3). Nevertheless, South Georgia, because of
its location, seems to be an overlapping region whose
fauna is the consequence of several successive invasions
from South America and Antarctica, depending on the
ﬂuctuations of the Antarctic Polar Front and currents over
the geological periods of time (Monniot & Monniot 1983)
which could be the cause of the lack of endemism in this
province. Anyway, it seems to be more related to the
Antarctic Region (13 endemic species from South Pole and
South Georgia as opposed to ﬁve species shared with
South America).
As for the Antarctic Region as a whole, the endemic
component represents almost half of the total Antarctic
ascidian fauna, which is not surprising if we take into
account the isolation of the fauna in this region both because
of its geography and its oceanography. The opening of the
Drake Passage, the development of a circumpolar current, the
physical barrier of the Antarctic Polar Front (especially
effective for organisms with a limited dispersal capacity) and
the great depths that surround the continent certainly
contribute to its isolation. It is notable that in other groups
such as pycnogonids, amphipods or isopods there are c. 80–
90% of endemic species (Peña-Cantero & Garcı́a-Carrascosa
1999).
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Antarctic and South America are the most related regions
(see Fig. 3), although it is no so evident in the speciﬁc
composition (Fig. 2) or the MDS afﬁnities among regions
(Fig. 4). This is probably due to the combination of several
factors, such as their geological history (since South
America was the last continent separated from Antarctica)
and their geographical proximity. This would allow the
species exchange through the Scotia Arc in spite of the great
depths of Drake Passage, the strong ﬂow of the West Wind
Drift Current or the presence of the Antarctic Polar Front.
The abundance of Antarctic-sub-Antarctic-South American
species conﬁrms a close relationship between these regions,
in particular with South Georgia Province (Fig. 4). In fact,
this was the most important group of the South America
Region, even more so than the endemic component.
The South America Region seems to be characterized by
Antarctic, sub-Antarctic and South American populations,
so it is considered as a biogeographical complex resulting
from the interaction between these elements (Alveal et al.
1973). Southern American species were poorly represented
and none of these species appears simultaneously in the
three temperate South American regions, which implies
that their faunas are very different: the west coast is
inﬂuenced by the cold Humboldt Current while the eastern
one is inﬂuenced by the warm Brazil Current.
The sub-Antarctic Kerguelen Province, in spite of its cold
waters and its proximity to the Antarctic Province, appeared
rather separated (Fig. 3) perhaps because of the considerable
distances between the islands. The low percentage of
Antarctic-sub-Antarctic ascidians (Table I) conﬁrms this.
Besides, in some cases the connexion between these areas
is probably through the South America Region (via the
Scotia Arc), with the colonization of species transported by
the West Wind Drift Current from this region (Branch
1994). This seems to be supported by the fact that there are
several species present simultaneously in the three regions
(groups Va3 and Va4 in Fig. 2). On the other hand, the
lower number of sub-Antarctic endemics and the slightly
higher percentage of Antarctic-South New Zealand,
Antarctic-Tasmanian and Antarctic-Southern African
species in comparison to the Antarctic could be due to the
reduced efﬁciency of the Subtropical Front as a barrier to
the adjacent cold-temperate regions.
Macquarie Province was even more separated and related in
some way to the New Zealand regions (Figs 3 & 4), which is
not surprising because of the geographical proximity of the
areas and the presence of colder waters around New Zealand
than those around Tasmania or Southern Africa.
Comparison with other fauna
The distribution of the Antarctic, sub-Antarctic and South
American biogeographical provinces was thoroughly
revised. Nevertheless, a slightly different division can arise,
depending on the organism studied, historical extinctions,
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radiation and dispersal events, as well as ecological factors
such as reproduction, capacity for dispersal and feeding
mode.
In general, there has been much confusion with respect to
the limits, the sub-divisions and the terminology employed in
describing these zones in the literature. Even recent works
with different taxa have divided the Antarctic Region in
very different ways: High and Low Antarctica, being the
limit of the permanent pack ice (López-Gónzalez &
Williams 2002: sea pens), East and West Antarctica based
on a trans-Antarctic current from the Ross Sea to the
Weddell
Sea,
separating
the
West
Antarctic
microcontinental fragments from the East Antarctic during
the Eocene, before the opening of the Drake Passage
(Linse et al. 2006: bivalves), continent and islands because
of the geographical distances or the warmer character of a
particular island e.g. South Georgia (Briggs 1995: marine
fauna) or considered as a whole, an undivided region
delimited by the Polar Front (Moyano 1996: bryozoans).
The case of the sub-Antarctic Region is even more
complex because of the different sampling efforts and the
fact that many studies did not take into account all the
islands included here. It was divided into two or three
groups of islands depending on its location in relation to
the Polar Front and the sub-Antarctic Front (Briggs 1995:
marine fauna) or not divided at all (Branch et al. 1991:
benthic crustaceans), although Macquarie Island has
frequently been excluded from the analyses and related to
New Zealand (Child 1998: sea spiders) due to its
geographical proximity. The South America Region was
initially divided in 3 – 5 provinces with different limits
(Balech 1954: littoral communities, Knox 1960: marine
fauna), but practically all recent works consider it as one
biogeographical entitys usually including the Falkland
Islands (Schmidt & Brandt 2001: tanaidacean), but not
always (Linse 1997: molluscs). Some authors even
included the Tristan da Cunha group of islands in this
region; they would be related through the Falkland and
West Wind Drift current (Briggs 1974: marine fauna).
These islands, together with Amsterdam-Saint Paul and
some principal seamounts were also considered as a
Southern African province (Collette & Parin 1991: ﬁshes),
although Primo & Vázquez (2004) working with ascidians
rejected this province and its biogeographical relation with
South Africa for the ascidian fauna. A different case is that
of Sarà et al. (1992) who worked with demosponges and
considered Antarctic, sub-Antarctic and South America
regions as part of a distinct Antarctic Faunistic Complex
since they present close relationship.
As for ascidian biogeography, Millar (1960) considered
South Georgia as intermediate between the Antarctic and
South America, although it had more species in common
with the last one. Kott (1969) divided the Antarctic in
Continental and South Georgia provinces (the last one
including the Bellingshausen Sea, the Antarctic Peninsula
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and the Scotia Arc islands and considered as an overlap area),
while South America, Kerguelen and Macquarie and the
New Zealand regions were grouped together with Bouvet
Island was considered within the limits of the Antarctic.
Monniot & Monniot (1983) also considered South
Georgia, intermediate between Antarctica and South
America, as a separated province (the remaining Scotia Arc
islands belonging to the continental province) and Bouvet
with an Antarctic character; they mentioned a certain
relationship between the Tristan da Cunha group and the
sub-Antarctic. Finally, Ramos-Esplá et al. (2005)
considered South Georgia as a separated area intermediate
between the Antarctic Province (continent plus South
Shetland and South Orkney Islands) and the Magellan
Region; South Sandwich Islands position was doubtful,
related both to South Georgia and the sub-Antarctic, and
Bouvet was considered from the start as sub-Antarctic.
The present study supports the inclusion of South Georgia
in the Antarctic Region as a separated province (in spite of
the lack of endemics) and intermediate between Antarctica
and South America, regions that are more related to each
other than the sub-Antarctic. Bouvet was also included in
the Antarctic Region (which agrees with a number of
papers: Arntz et al. 2006: isopods and amphipods, Barnes
2006: bryozoans, Linse 2006: mollusc), although this and
other Antarctic and sub-Antarctic areas (especially islands)
have been poorly sampled. The lack of information in
some areas can lead to wrong biogeographical conclusions,
so it is essential to increase the sampling effort to make
clear their biogeographical relationships. The division of
the sub-Antarctic Region into Kerguelen and Macquarie
provinces coincides with our results, being this last one
deﬁnitively more related to the sub-Antarctic than to New
Zealand. It is difﬁcult to say whether the chosen limits for
the South America Region are the most suitable for the
ascidian fauna or not without a more detailed study, and
the western and eastern South American coasts are some of
the least studied zones of the globe, so much more data are
essential to reach robust conclusions. The same is
applicable for Tristan da Cunha and Amsterdam-Saint Paul
groups of islands. The grouping proposed by Sarà et al.
(1992) is not supported by our result since the three
regions are different enough to be considered as
independent, although they show a great afﬁnity.
Considerations about the origin of the ascidian fauna in the
Antarctic, sub-Antarctic and South America regions
Although the current technologies of molecular biology
contribute with valuable information to the interpretation of
the origin of the ascidian fauna, there are few papers
dealing with Antarctic ascidian phylogeny (Sahade et al.
2003). Moreover, there is a lack of fossil records of
ascidians because they have soft bodies. Thus any
hypothesis about the present distribution and origin of this
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fauna must be based on the analysis of their geological
history and the main oceanographic features (Fig. 1).
The Antarctic Region has remained isolated for a long time
(c. 25 m.y.), with climatic conditions that varied gradually,
causing migration more than extinction (Clarke 1990). This
would provide new adaptative zones, creating the
opportunity for a spectacular independent radiation for
many Antarctic benthic taxa (Brandt 2000) like ascidians,
so the Antarctic Region has been described as an
“evolutionary incubator” (Briggs 2003). The expansion of
the ocean basins and the development of the Polar Front
and a circumpolar current maintained the isolation of the
Antarctic continent and gave it much stability. Probably the
ancestors of the current endemic species colonized the
Antarctic through shallow waters during the Gondwana
disruption. The circumpolar West Wind Drift Current can
also have helped the dispersion of benthic organisms
around the Southern Hemisphere, especially during the
coldest periods, when this current was intensiﬁed (Crame
1999). Vicariance could be another plausible explanation
for disjunctive distributions. The Antarctic fauna is now
exposed to two new complementary forces (Tavares & de
Melo 2004): transport of exotic species (both by
anthropogenic means and by passive transport) and the
polar warming (Gille 2002) which in turn could lead to
changes in the temperature barrier around Antarctica
allowing the migration of marine organisms.
The most obvious connection of Antarctica with the
landmasses of the Southern Hemisphere is with South
America, through the Scotia Arc. The current dispersion is,
nevertheless, rather speculative (Brandt 1991) since these
islands are surrounded by deep waters and passive
transport is not probable because it would be against the
ﬂow of the strong West Wind Drift Current (Brandt 1992).
Maybe this colonization happened in the past (c. 50 m.y.)
when the Scotia Arc islands were closer. Under the cold
Antarctic conditions, evolution is probably extremely slow
(Ingels et al. 2006). In addition, Antarctic species could
have migrated northwards through Scotia Arc and then
been dispersed by the currents, to reach the sub-Antarctic
islands (Branch et al. 1993).
The current oceanographic conditions isolate the South
America Region from the continent, with consequent
effects on speciation processes. Moreover, there is little
exchange between the warm-temperate faunas from both
coasts, because of the high latitude of the South America
Region. The particular conditions of the West Wind Drift
Current, which inﬂuences the west South American coast
south of 408S as the Humboldt Current, and then as the
Falkland Current in the east, could produce afﬁnities
among these areas and the Falkland Islands and would
mark differences with the Antarctic Region (Cañete et al.
1999).
It is possible that Antarctic ascidians radiated northwards
from the whole region to the sub-Antarctic islands through
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submerged marine bridges. This radiation could have
happened principally at Middle-Late Miocene, when an
abrupt cooling produced a rapid expansion of the Antarctic
ice sheet, with the consequent cooling of Antarctic and
sub-Antarctic waters. This was a time of major expansion
for the Antarctic marine fauna (Crame 1999). The isolation
of some of the sub-Antarctic islands since the formation of
the Polar Front because of their location between the
Antarctic and Subtropical fronts and the great geographical
distances, seems to be the reason for the high level of
endemism. Species would come not only from the
Antarctic Region, but from the rest of the continents
through the West Wind Drift Current. The same would be
possible for Tristan da Cunha and Amsterdam-Saint Paul
groups of islands.
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Appendix A. Presence/absence matrix of the 237 species recorded in the Antarctic, sub-Antarctic and South America regions per biogeographical
divisions. Those species with* were excluded from the analyses because of uncertainty over identiﬁcation.
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Aplidium abyssum Kott, 1969
A. acropodium Monniot & Gaill, 1978
A. annulatum (Sluiter, 1906)
A. aurorae (Harant & Vernières, 1938)
A. balleniae Monniot & Monniot, 1983
A. bilinguae Monniot & Monniot, 1983
A. circumvolutum (Sluiter, 1900)
A. complanatum (Herdman, 1886)
A. cunhense Millar, 1967
A. cyaneum (Sluiter, 1906)
A. didemniformis Monniot & Gaill, 1978
A. falklandicum Millar, 1960
A. fuegiense Cunningham, 1871
A. globosum (Herdman, 1886)
A. gracile Monniot & Monniot, 1983
A. hians Monniot & Gaill, 1978
A. imbutum Monniot & Monniot, 1983
A. irregulare (Herdman, 1886)
A. laevigatum (Herdman, 1886)
A. leviventer Monniot & Gaill, 1978
A. longicaudatum (Sluiter, 1912)
A. longum Monniot, 1970
A. loricatum (Harant & Vernières, 1938)
A. meridianum (Sluiter, 1906)
A. millari Monniot & Monniot, 1994
A. miripartum Monniot & Monniot, 1983
A. nigrum (Herdman, 1886)
A. notti (Brewin, 1951)
A. novaezealandiae Brewin, 1952
A. ordinatum (Sluiter, 1906)
A. ovum Monniot & Gaill, 1978
A. paessleri (Michaelsen, 1907)
A. pellucidum Kott, 1971
A. peresi (Pérès, 1952)
A. pseudoradiatum Millar, 1982*
A. quadriversum Millar, 1982
A. radiatum (Sluiter, 1906)
A. recumbens (Herdman, 1886)
A. retiforme (Herdman, 1886)
A. siderum Monniot & Monniot, 1983
A. stanleyi Millar, 1960
A. stewartense (Michaelsen, 1924)*
A. triplex (Sluiter, 1906)
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A. undulatum (Herman, 1886)
A. vanhoeffeni Hartmeyer, 1911*
A. variabile (Herman, 1886)
A. vastum (Sluiter, 1912)
A. vexillum Monniot & Gaill, 1978
Aplidiopsis discoveryi Millar, 1960
A. pyrimorﬁs (Herdman, 1886)
Pharyngodictyon mirabile Herdman, 1886
Placentella translucida Kott, 1969
Polyclinum minutum Herdman, 1886
P. sluiteri Brewin, 1956
P. sundaicum (Sluiter, 1909)*
Ritterella chetvergovi Sanamyan & Sanamyan, 2002
R. miriﬁca Monniot & Monniot, 1983
Synoicum adareanum (Herdman, 1902)
S. arenaceum (Michaelsen, 1924)*
S. georgianum Sluiter, 1932
S. giardi (Herdman, 1886)
S. hypurgon (Michaelsen, 1924)
S. kerguelense (Hartmeyer, 1911)*
S. kuranui Brewin, 1950
S. ostentor Monniot & Monniot, 1983
S. pererratum (Sluiter, 1912)*
S. polygyna Monniot & Monniot, 1980
S. ramulosum Kott, 1969
S. salivum Monniot&Gaill, 1978
S. stewartense (Michaelsen, 1924)*
S. tentaculatum Kott, 1969
Cystodyes antarcticus Sluiter, 1912
Distaplia colligans Sluiter, 1932
D. concreta (Herdman, 1886)
D. cylindrica (Lesson, 1830)
D. kerguelenense Monniot, 1970
D. megathorax Monniot & Monniot, 1982
Eudistoma australe Monniot, 1978
E. mobiusi (Hartmeyer,1905)
Polycitor clava (Harant & Vernières, 1938)*
P. fungiformis Millar, 1970*
P. magalhaensis (Michaelsen, 1907)*
Protoholozoa lilium Monniot & Monniot, 1982*
P. pedunculata Kott, 1969
Sycozoa anomala Millar, 1960
S. gaimardi (Herdman, 1886)
S. georgiana (Michaelsen, 1907)
S. sigillinoides Lesson, 1830
Tetrazona glareosa (Sluiter, 1906)
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Didemnum biglans (Sluiter, 1906)
D. studeri Hartmeyer, 1911
D. subﬂavum (Herdman, 1886)
D. tenue (Herdman, 1886)
Diplosoma antarcticum Kott, 1969
D.a listerianum (Milne-Edwards,1841)
D. longinquum (Sluiter, 1912)
Leptoclinides capensis Michaelsen,1934
L. kerguelensis Kott, 1954
Polysincraton trivolutum (Millar, 1960)
Trididemnum auriculatum Michaelsen, 1919
T. propinquum (Herdman, 1886)*
Ciona antarctica Hartmeyer, 1911
Mysterascidia symmetrica Monniot & Monniot, 1982
Tylobranchion speciosum Herdman, 1886
Dimeatus attenuatus Sanamyan, 2000
D. mirus Monniot & Monniot, 1982
Ecteinascidia longiducta Monniot, 1978
Cybacapsa gulosa Monniot &Monniot, 1983
Kaikoja multitentaculata Vinogradova, 1975
Megalodicopia hians Oka, 1918*
M. rineharti (Monniot & Monniot, 1989)
Octacnemus kottae Sanamyan & Sanamyan, 2002
Polyoctacnemus patagoniensis (Metcalf, 1893)
Situla macdonaldi Monniot & Monniot, 1977
S. rebainsi Vinogradova, 1975
Corella eumyota Traustedt,1882
Xenobranchion insigne Arnback, 1950
Adagnezia antarctica Kott, 1969
A. charcoti Monniot & Monniot, 1973
A. henriquei Monniot & Monniot, 1983
A. weddelli Monniot & Monniot, 1994
Agnezia abyssa Sanamyan & Sanamyan, 2002
A. arnaudi Monniot & Monniot, 1974
A. biscoei Monniot & Monniot, 1983
A. glaciata Michaelsen,1898
A. krausei Michaelsen,1912
A. tenue Monniot & Monniot, 1983
Caenagnezia bocki Arnback, 1938
C. schmitti Kott, 1969
Corynascidia cubare Monniot & Monniot, 1994
C. lambertae Sanamyan & Sanamyan, 2002
C. mironovi Sanamyan & Sanamyan, 2002
C. suhmi Herdman, 1882
Proagnezia depressa (Millar, 1955)
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Ascidia bathybia Hartmeyer, 1922
A. challengeri Herdman,1882
A. meridionalis Herdman,1880
A. translucida Herdman,1880
Alleocarpa bacca Arnback, 1929
A. bigyna Monniot, 1978
A. bridgesi Michaelsen, 1900
A. incrustans (Herdman, 1886)
Bathyoncus mirabilis Herdman, 1882
Bathystyeloides enderbyanus Michaelsen, 1904
B. magnus Sanamyan & Sanamyan, 1999
Cnemidocarpa barbata Vinogradova, 1962
C. bathypila Millar, 1955
C. bythia (Herdman, 1881)
C. digonas Monniot & Monniot, 1968
C. drygalskii (Hartmeyer, 1911)
C. effracta Monniot, 1978
C. eposi Moniot & Monniot, 1994
C. minuta (Herman, 1881)
C. nordenskjoldi (Michaelsen, 1898)
C. ohlini (Michaelsen, 1898)
C. pfefferi (Michaelsen, 1898)
Cnemidocarpa platybranchia Millar, 1955
C. rectoﬁsura Millar, 1982*
C. sericata (Herdman, 1888)
C. verrucosa (Lesson, 1830)
C. victoriae Moniot & Monniot, 1983
Dicarpa antarctica Moniot & Monniot, 1977
D. cornicula (Moniot, 1978)
D. insinuosa (Sluiter, 1912)
D. mysogyna Moniot & Monniot, 1982
D. tricostata (Millar, 1960)
Gynandrocarpa misanthropos Monniot,1978
Monandrocarpa abyssa Sanamyan & Sanamyan,
1999
Oligocarpa megalorchis Hartmeyer, 1911
Polyzoa insularis Millar, 1967
P. minor Monniot, 1970
P. opuntia Lesson,1830
Styela canopus Savigny,1816
S. crinita Moniot & Monniot, 1973
S. glans Herdman, 1881
S. magalhaensis Michaelsen, 1898
S. mallei Monniot, 1978
S. materna Monniot & Monniot,1983
S. milleri Ritter,1907
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S. paessleri Michaelsen, 1898
S. schmitti simplex Van Name, 1945
S. squamosa Herdman, 1881
S. talpina Monniot, 1978
S. wandeli (Sluiter, 1911)
Theodorella arenosa Michaelsen, 1922
Bathypera splendens Michaelsen, 1904
Boltenia elegans Herdman, 1881
B. hirta Monniot & Monniot,1977
Culeolus anonymus Monniot & Monniot, 1976
Culeolus antarcticus Vinogradova, 1962
C. likae Sanamyan & Sanamyan, 2002
C. pinguis Monniot & Monniot,1982
C. recumbens Herdman, 1881
Pyura bouvetensis (Michaelsen, 1904)
P. chilensis Molina, 1782
P. discoveryi (Herdman, 1910)
P. georgiana (Michaelsen, 1898)
P. inopinata Monniot, 1978
P. legumen (Lesson, 1830)
P. lycoperdon Monniot & Monniot,1983
P. multiruga Monniot & Monniot,1982
P. obesa Sluiter, 1912
P. paessleri (Michaelsen, 1900)
P. pilosa Monniot & Monniot,1974
P. setosa (Sluiter, 1905)
P. squamata Hartmeyer, 1911
P. stubenrauchi (Michaelsen, 1900)
P. tunica Kott, 1969
Eugyroides kerguelenensis (Herdman, 1881)
E. polyducta Monniot & Monniot,1983
E. septum (Monniot, 1978)
E. vannamei (Monniot, 1970)
Fungulus antarcticus Herdman, 1912*
F. cinereus Herdman, 1882
F. perlucidus (Herdman, 1881)
Gamaster vallatum Monniot, 1978
Minipera macquariensis Sanamyan & Sanamyan,
1999
Molgula antiborealis Millar, 1967
M. coactilis Monniot & Monniot, 1977
M. enodis (Sluiter, 1912)
M. estadosi Monniot & Monniot, 1983
M. euplicata Herdman, 1923
M. georgiana Michaelsen, 1900
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M. hodgsoni Herdman, 1910
M. kerguelensis Kott, 1954
M. longivascula Millar, 1982
Molgula macquariensis Kott, 1954
M. marioni Millar, 1960
M. millari Kott, 1971
M. mortenseni (Michaelsen, 1922)
M. novaeselandiae (Michaelsen, 1911)
M. pedunculata Herdman, 1881
M. pigafettae Monniot & Monniot, 1983
M. pulchra Michaelsen, 1900
M. pyriformis Herdman, 1881
M. robini Millar, 1960
M. setigera Arnback, 1938
M. sluiteri (Michaelsen, 1922)
M. variazizi Monniot, 1978
Molguloides bathybia (Hartmeyer, 1912)
M. coronatum Monniot, 1978
M. crinibus Monniot, 1978
M. cyclocarpa Monniot & Monniot, 1982
M. glans Monniot, 1978
M. monocarpa (Millar, 1959)
M. sphaeroidea (Millar, 1970)
M. tenuis Kott, 1954
Pareugyroides arnbackae (Millar, 1960)
P. galatheae (Millar, 1959)
P. macquariensis Kott, 1954
Paramolgula canioi Monniot & Monniot, 1983
P. gregaria (Lesson, 1830)
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Appendix B. Species per group in the Bray-Curtis classiﬁcation between the 237 ascidian species present in the Antarctic, sub-Antarctic and South America
regions.
Group I
Ecteinascidia longiducta
Pyura inopinata
Group IIa
Diplosoma listerianum
Corella eumyota
Adagnezia charcoti
Proagnezia depresa
Bathystyeloides enderbyanus
Cnemidocarpa bathypila
Cnemidocarpa bythia
Cnemidocarpa platybranchia
Styela canopus
Styela crinita
Styela milleri
Group IIb
Aplidium cunhaense
Corynascidia mironovi
Polyzoa insularis
Molgula antiboreaalis
Group III
Aplidium quadriversum
Polyclinum sluiteri
Adagnezia antarctica
Bathystyeloides magnus
Monandrocarpa abyssa
Minipera macquarensis
Molgula novaeselandiae
Molgula sluiteri
Pareugyroides macrentera
GroupIVa
Aplidium notti
Aplidium novaezealandiae
Synoicum kuranui
Culeolus recumbens
Molguloides glans
Group IVb
Aplidium abyssum
Aplidium acropodium
Aplidium complanatum
Aplidium didemniformis
Aplidium hians
Aplidium laevigatum
Aplidium leviventer
Aplidium longum
Aplidium nigrum
Aplidium ovum
Aplidium peresi
Aplidium retiforme
Aplidium vexillum
Aplidiopsis pyriformis
Aplidium undulatum
Pharyngodictyon mirabile
Polyclinum minutum
Synoicum salivum
Distaplia concreta
Distaplia kerguelense
Eudistoma australe
Didemnum subﬂavum
Leptoclinides capensis
Leptoclinides kerguelensis
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Situla macdonaldi
Ascidia bathybia
Cnemidocarpa digonas
Cnemidocarpa effracta
Cnemidocarpa minuta
Dicarpa antarctica
Dicarpa cornicula
Gynandocarpa misanhtropos
Oligocarpa megalorchis
Polyzoa minor
Styela mallei
Styela talpina
Pyura pilosa
Eugyroides septum
Gamaster vallatum
Molgula coactilis
Molgula kerguelensis
Molgula macquariensis
Molgula variazizi
Molguloides crinibus
Group IVc
Aplidium circumvolutum
Aplidium variabile
Synoicum giardi
Sycozoa sigillinoides
Didemnum studeri
Corynascidia shumi
Ascidia translucida
Alleocarpa bigyna
Polyzoa opuntia
Theodorella arenosa
Molgula longivascula
Molgula marioni
Molgula mortenseni
Molgula pulcra
Group Va1
Aplidium annulatum
Aplidium aurorae
Aplidium balleniae
Aplidium longicaudatum
Aplidium longum
Aplidium millari
Aplidium miripartum
Aplidium ordinatum
Aplidium radiatum
Aplidium siderum
Aplidium vastum
Placentella translucida
Ritterella miriﬁca
Synoicum ostentor
Synoicum polygyna
Synoicum ramulosum
Synoicum tetaculatum
Distaplia megathorax
Sycozoa anomala
Diplosoma antarcticum
Ciona antarctica
Mysterascidia simétrica
Dimeatus attenuatus
Dimeatus mirus
Cybacapsa gulosa
Kaikoja multitentaculata
Octacnemus kottae
Situla rebainsi
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Adagnezia weddelli
Agnezia abyssa
Agnezia arnaudi
Caenagnezia schmitti
Corynascidia cubare
Corynascidia lambertae
Cnemidocarpa barbata
Cnemidocarpa eposi
Dicarpa mysogyna
Styela glans
Culeolus pinguis
Pyura lycoperdon
Pyura multiruga
Pyura obesa
Pyura setosa
Pyura tunica
Molgula enodis
Molguloides bathybia
Molguloides coronatum
Molguloides tenuis
Pareugyroides arnbackae
Group Va2
Synoicum hypurgon
Agnezia biscoei
Group Va3
Aplidium globosum
Aplidium recumbens
Aplidium triplex
Cystodytes antarcticus
Tetrazona glareosa
Cnemidocarpa drygalskii
Bathypera splendens
Culeolus anonymus
Culeolus antarcticus
Eugyroides kerguelensis
Fungulus cinereus
Fungulus perlucidus
Group Va4
Aplidium bilinguae
Aplidium cyaneum
Aplidium falklandicum
Aplidium fuegiense
Aplidium imbutum
Aplidium meridianum
Aplidium stanleyi
Synoicum adareanum
Synoicum georgianum
Distaplia colligans
Distaplia cylindrica
Protoholozoa pedunculata
Sycozoa gaimardi
Sycozoa georgiana
Didemnum biglans
Diplosoma longinquum
Polysincratum trivolutum
Tylobranchion speciosum
Caenagnezia bocki
Ascidia challengeri
Cnemidocarpa pfefferi
Cnemidocarpa verrucosa
Dicarpa insinuosa
Dicarpa tricostata
Styela materna

Styela squamosa
Styela wandeli
Pyura bouvetensis
Pyura discoveri
Pyura georgiana
Pyura squamata
Eugyroides polyducta
Molgula euplicata
Molgula georgiana
Molgula hodgsoni
Molgula millari
Molgula pedunculata
Molgula robini
Pareugyroides galatheae
Group Vb
Eudistoma mobiusi
Megalodicopia rineharti
Bathyoncus mirabilis
Cnemidocarpa sericata
Boltenia hirta
Molguloides monocarpa
Group VI
Aplidium gracile
Aplidium irregulare
Aplidium paessleri
Aplidium pellucidum
Aplidium polarsteni
Aplidiopsis discoveryi
Ritterella chetvergovi
Didemnum tenue
Trididemnum auriculatum
Polyoctacnemus patagonensis
Xenobranchion insigne
Adagnezia henriquei
Agnezia glaciata
Agnezia krausei
Agnezia tenue
Ascidia meridionalis
Alleocarpa bacca
Alleocarpa bridgesi
Alleocarpa incrunstans
Cnemidocarpa nordenskjoldi
Cnemidocarpa ohlini
Cnemidocarpa victoriae
Styela magalhaensis
Styela paessleri
Styela schmitti simplex
Boltenia elegans
Culeolus likae
Pyura chilensis
Pyura legumen
Pyura paessleri
Pyura stubenrauchi
Eugyroides vannamei
Molgula estadosi
Molgula pigaffetae
Molgula pyriformis
Molgula setigera
Molguloides cyclocarpa
Molguloides sphaeroidea
Paramolgula canoi
Paramolgula gregaria
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