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Abstract: Bioinvasion is one of the biggest global threats to biodiversity. In the light of climate change, related risks could be
increased. In this context, Antarctica is not immune. Exotic species have been introduced into many other isolated ecosystems
worldwide and have already been recorded in the sub-Antarctica islands. However, the pool of information concerning the
marine environments is too scarce up to the present. This study has investigated the pathways of alien species introduction in
the Antarctic marine environment, as a consequence of scientific research, tourism and fishing activities, including the areas
of Antarctica vulnerable to bioinvasion. In addition, biogeographic patterns of the some species recorded over the Brazilian
program PROANTAR (Phylum Mollusca, Echinodermata, Annelida) have been surveyed. The area of the scientific stations and
temporary shelters, which are built in ice-free locations in the summer located mainly in southwestern part of King George Island,
close to the Bransfield Strait. The Bellingshausen, President Eduardo Frei Montalva and Arctowski Henryk bases are the oldest
in operation. President Eduardo Frei Montalva, King Sejong and Artigas have the largest contingent of people in the summer.
Maxwell Bay and Admiralty Bay have the highest number of tourist spots, although King George Bay has the highest tourist
landed number. The phylum Artropoda has the greatest biodiversity in the marine environment of Admiralty Bay. The phylum
Annelida has the lowest percentage taxa identified to species. Annelida and Artropoda have the highest percentage of endemic
species, when only the Antarctic bioregion is considered. On the other hand, Mollusca was the phylum with the highest percentage

of species with disjoint distribution.
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Introduction

Bioinvasion is a branch of Science that studies species In the multiple dimensions of global environmental

transportation by human activities, away from their original
biogeographic area, in order to comprehend the dispersion
patterns, and to identify control measures to mitigate or
eliminate possible negative impacts caused by introduced
species in a native ecosystem (Villac et al., 2008). These
impacts are particularly critical in islands and isolated
ecosystems, which have a high degree of endemism and
greater vulnerability to invasion by nonnative species

(Gaucel et al., 2005).
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change, the efforts to prevent bioinvasions must be
increased. Schiel ef al.(2004) state that responses of benthic
communities to ocean warming were mostly unpredictable
in their research. However, one of the most commonly
predicted effects of global ocean warming on marine
communities discussed in the literature is a poleward shift
in the distributional boundaries of species. Accordingly,
it follows that many exotic species can become invasive

leading to a decrease in local genetic stock in a process




referred to as “biotic homogenization” (Vitousek et al. 1997;
McKinney & Lockwood, 1999).

However, assumptions and inferences about the ecology,
detection and management of alien species requires
a broad range of information about composition and
community structure in potential donor and recipient areas
of species transfer (Carlton, 2000). Therefore, data such as
biogeography, life history and dispersal ability of species
studied, as well as human activities that contribute to the
spread of these species are becoming essential for any future
elaboration of management actions against bioinvasion,
especially in environments with large endemism, such as
the Antarctic.

All this concern is justified in the Antarctic context.
The long period of geographical isolation has culminated
in the evolution of specialized endemic species in extreme
conditions, although non-native species have been identified
in the Antarctic ecosystem, as Poa pratensis and P. annua,
detected in small areas in the northeast of the Antarctic
Peninsula and King George Island (Smith, 1996). In relation
to the Antarctic marine environment, Tavares and De Mello
(2004) reported the presence of the exotic crustacean Hyas
araneus in Austral Ocean, coming from the North Atlantic.
Generally, most of the knowledge about bioinvasion,
even for the sub-Antarctic islands, refers to the terrestrial
environment (Frenot et al. 2005).

In the light of this scenario, the goals of this study
are: I- to search main vectors and pathways of potential
introduction to the marine environment, especially in
King George Island and to identify the most vulnerable
areas; II- to develop a database concerning the pattern of
distribution of Mollusca, Annelida, Echinodermata and
Artropoda marine species detected in Admiralty Bay by
the Brazilian Antarctic Program (Weber & Montone, 2006).

Material and Methods

To study the main vectors and pathways of potential
introductions in King George Island, three main human
activity areas were considered: scientific research in situ,
tourism and fishing. According to scientific research

the following activities must be considered: field work,

experimental design and scientist offset, including the
functioning of scientific stations and shelters located on
King George Island. On the other hand, it is necessary to
fully diagnose the statistical trends concerning the most
frequently visited places on this island, both for identifying
areas more susceptible to non native species brought by
tourism, and for providing the necessary knowledge to
improve the management quality of the island. Related data
is reviewed on TAATO’s site (International Association of
Antarctic Tour Operators). The investigations on fishing
activities are also contained in the original project, since
it is an important sector of non intentional introduction,
specially related to marine ecosystems. However, this
information was not brought up until now.

To study the species biogeography of the phyla Mollusca,
Echinodermata, Annelida and Artropoda (indicated in
the project GEAMB- Rede 2), a study was made on their
distribution using the online database OBIS - Ocean
Biogeography Information System (www.iobis.org)
and GBIF - Global Biodiversity Information Facility (www.
gbif.org). According to the distribution pattern in marine
biogeographic zones proposed by Rass (1986) (Figure 1),
species were classified as: I) cosmopolitan: for those of
wide distribution and present in at least three ocean basins;
IT) continuous: for species located in adjacent biogeographic
areas (but at a lower rate than required for classification as
cosmopolitan), IIT) disjoint: species that have occurrences
in distinct biogeographic regions (separated by areas of non-
occurrence); IV) endemic: for species distributed within the
boundaries of the Southern Ocean (biogeographic areas 8

and 9 of Figure 1).

Results

According to data published by KGIs SCAR (Scientific
Committee on Antarctic Research, King George Island)
there are ten scientific stations on King George Island: eight
permanent (which have activities throughout the year)
and two temporary. The permanent stations are: 1) Brazil:
Comandante Ferraz, 2) Chile: Presidente Eduardo Frei,
3) Chile: Professor Julio Escudeiro, 4) China: Great Wall,
5) Korea: King Sejong, 6) Poland: Arctowski, 7) Russia:

Science Highlights - ThematicArea3 | 195



Figure 1. Biogeographical regions of the oceans in the world: 1) Arctic; 2) subarctic; 3) temperate north; 4) subtropical north; 5) tropical, 6) subtropical
southern; 7) temperate south, 8) Subantarctic, 9) Antarctica. (Brown & Lomolino, 2006 apud Rass, 1986)

Bellingshausen, 8) Uruguay: Artigas. Other countries have
the following temporary stations: 1) Peru: Machu Picchu,
2) Germany: Dallmann Laboratory. Russia, Brazil, Korea,
Argentina, United States, Poland and Ecuador have also full
and temporary shelters in King George Island.

The station Bellingshausen (Russia), President Eduardo
Frei Montalva (Chile) and Arctowski Henryk (Poland)
are the oldest in operation on King George Island, with
42, 41 and 33 years old respectively.

According to data published by the JAATO and
compiled by SCAR KGIs there are 21 main tourist areas in
King George Island, among which 20 are located in coastal
areas free of ice during the summer. Maxwell Bay and
Admiralty Bay have the highest number of tourist spots.
However, despite King George Bay having the smallest
number of tourist spots, it is the place with the highest
number of tourists, once Arctowski and Penguin Island
received the highest number of tourists landed during the

period between 1999 and 2002.
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Regarding the second objective, this study only
researched 58.17% (154) of all taxa (263) recorded in
Admiralty Bay by the project Rede 2. The phylum Artropoda
has the greatest biodiversity in the marine environment
of Admiralty Bay. The phylum Annelida has the lowest
percentage of taxa identified to species (71.43%).0f the
56 taxa found, six were identified to genus (10.71%) and
only one was identified to family (1.79%). From another
perspective, there were nine taxa (16.07%), whose
identification was confirmed a posteriori. Finally the phyla
Mollusca and Echinodermata, despite having the lowest
numbers of taxa involved, all were identified to species.

A presence/absence matrix was built based on
biogeographical distribution patterns of those species
studied in this work. Only Annelida an Artropoda had
species with no record in the databases consulted. Table 1
shows a high degree of endemism in the Southern Ocean
for all phyla analyzed. However, it is important to emphasize

that, in this study, the endemic status was indicated for



Table 1. Numeric values and percentages of each distribution pattern according to the invertebrate groups.

Mollusca

ne

No data 0 0 0
Cosmopolitan 0 0 0
Continuous 11 47.83 1
Disjoint 8 13.04 0
Endemic g 39.13 4
Total 23 100 5

species residents in both Antarctica e subantarctica areas
(areas 9 and 8, respectively). When only the Antarctic
(area 9) is considered, the phyla Annelida and Artropoda
have the highest percentage of endemic species, represented
by 25% for both groups (with 10 and 15 endemic species,
respectively). The phylum Mollusca has only one species
(4.35%), while the phylum Echinodermata shows no species

restricted to this region.

Discussion

The scientific stations and temporary shelters are located
mainly in southwestern King George Island, closer to the
Bransfield Strait. Futhermore, these stations were built in
areas where the soil is exposed during the summer, due to
the decrease in the percentage of ice cover.

Among the permanent stations, President Eduardo Frei
Montalva (Chile), King Sejong (Korea) and Artigas (Uruguay)
are the scientific bases that have the largest contingent of
people in summer. This means that both the pathways and
vectors used by these stations, especially those that have the
highest uptime, as well as the largest contingents must be
targets of investigation for a possible presence of non-native
species, since time and human activities are essential factors
in the processes of bioinvasion.

In general, touristic places are related to areas free of
ice during the summer, and most of these sites are closer
to the Bransfield Strait. Verifying data provided by SCAR
KGIs, the Arctowski and Penguin Island stations are the

locations of this island where most tourists landed during

Echinodermata

Annelida Artropoda

%

0 2 5 6 10
0 5 12.5 1 1.67
20 3 7.5 12 20
0 3 7.5 2 3.33
80 27 67.5 39 65
100 40 100 60 100

1999 to 2002, and, based on tourism activities, these are the
places most likely to suffer the unintentional introduction
of nonnative species.

Although there is no irrefutable record of invasion in
the Antarctic marine environment, more careful studies
of species with cosmopolitan or disjoint distribution
are necessary, since these patterns can be correlated to
taxonomic misidentification and occurrence of cryptic
species or, ultimately, to the dispersal of species by human
vectors. According to Carlton (2009), the list of invasive
species across the planet may be underestimated due to
the presence of pseudoindigenous species, here defined as
introduced species that are mistakenly considered as native

(indigenous or endemic) to a location.

Conclusion

The results obtained so far do not allow us to make
conclusions about the invasive status of species, but provide
valuable clues about which species will require more
investigation management and monitoring. However, a
larger amount of information about vectors and pathways,
as well as more vulnerable sites are essential before it is
possible to make inferences about the presence of invasive

species in the Antarctic marine environment.
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