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Abstract

The present study aimed at determining (1) the influence of human activities on Antarctic soil-
organism communities as well as (2} the potential introduction of non-native species into
Antarctic habitats. In the Antarctic summers of the years 2009/2010 and 2011/2011, soil
organisms (plants and the soil fauna of the groups Nematoda, Tardigrada, Collembola,
Actinedida, Oribatida und Gamasina) were collected from anthropogenically influenced and
non-influenced areas of a total of 13 localities and compared. Introduced non-native plant
species could not be determined. Eight species of Collembola and Actinedida recorded
especially from Deception Island and Neko Harbour could be determined to be potentially non-
native. Although the results were conflicted by high data variability, a significant human
influence on the soil fauna could be determined. Human influence mostly led to reduced
densities. The human impact was strongest in areas of sporadic vegetational cover. The
reactions of individual species were different, which indicates changes in community structure
and thus in the ecological function of the soil fauna. Specific recommendations for an
improved protection of Antarctic ecosystems from human influence are derived from the
results. Particularly called for is an intensification of biosecurity measures against the
introduction of non-native species as well as an expansion of specific microhabitats in “no-go”
areas within Visitor Site Guides. A limitation of sites allowedly visited by tourists is necessary, as
is the installation of an international, long-term soil-biological monitoring program.

Kurzbeschreibung

Die vorliegende Studie hatte zum Ziel, (1) die Auswirkung menschlicher Aktivititen auf
antarktische Bodenorganismengemeinschaften sowie (2) die potentielle Einschleppung von in
der Antarktis nicht-einheimischen Arten zu ermitteln. Im antarktischen Sommer der Jahre
2009/2010 und 2010/2011 wurden Bodenorganismen (Pflanzen und Bodentiere der Gruppen
Nematoda, Tardigrada, Collembola, Actinedida, Oribatida und Gamasina) aus insgesamt 13
Gebieten in von Menschen beeinflussten und unbeeinflussten Arealen erfasst und verglichen.
Eingeschleppte, nicht-einheimische Pflanzenarten konnten nicht festgestellt werden. Bei den
Collembola und Actinedida wurden acht Arten hauptsédchlich auf Deception Island und Neko
Harbour als potentiell nicht-einheimisch identifiziert. Obwohl die Ergebnisse durch hohe
Datenvariabilitdt Uiberlagert waren, konnten signifikante Auswirkungen des Menschen auf die
Bodenfauna nachgewiesen werden. Die Beeinflussung durch Menschen fiihrte meist zu
verringerten Individuendichten. Der Einfluss von Menschen war bei mittlerer
Vegetationsbedeckung am stdrksten. Die Reaktion von einzelnen Arten war unterschiedlich,
was auf Verdnderungen in den Gemeinschaftsstrukturen und somit in der o6kologischen
Funktion der Bodenfauna hinweist. Aus den erzielten Ergebnissen werden konkrete
Empfehlungen fiir einen verbesserten Schutz antarktischer Okosysteme vor menschlicher
Beeinflussung abgeleitet. Hierzu gehért eine Intensivierung von PriaventivmaBnahmen gegen
eine Einschleppung nicht-einheimischer Bodenorganismen sowie eine Ausweitung der fir
Besucher geschlossenen Bereiche um Areale spezieller Mikrohabitate. Eine Einschrankung der
Gebiete, die Touristen besuchen dirfen, ist erforderlich, ebenso wie die Etablierung eines
internationalen, langfristigen bodenbiologischen Monitoringprogramms.
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Anthropogenic Impacts on Antarctic Soil Organisms

1. Introduction

Antarctic ecosystems are under pressure and influence from growing anthropogenic sources
originating from research and station personal, tourists and similar recreational visitors.
Modern touristic travel in Antarctica began towards the end of the 1960s with the deployment
of the ship MS Lindblad Explorer, which was built expressly for this purpose and could carry
approximately 100 passengers (www.expeditions.com). The number of tourists has subsequently
increased from a few hundred per year to many tens of thousands (Fig. 1). Since 1989/1990 the
number of visitors to Antarctica has increased exponentially, whereby the numbers have
doubled every five years between 1997 and 2007 (Roura et al. 2008, Lynch et al. 2009).
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Fig. 1: Development of the number of tourists (excluding ship crew) in
Antarctica south of 60° S during the last 20 years. source: IAATO 2011,
IAATO Fact Sheets 2009-2010, 2010-2011

Antarctic tourism is not equally distributed throughout all touristic destinations. The increase
in the number of visitors has been concentrated in only a few regions (e.g., the South Shetland
Islands and the north-western Antarctic Peninsula) and specific sites, e.g., Whalers Bay
(Deception Island), Half Moon Island (which has experienced an increase in tourism of over
600% between 1999 and 2005) or Neko Harbour (Naveen et al. 2001; Argentina 2006). While in
the austral summer of 1989/1990 less than 2000 tourists visited all Antarctic sites together, 10
years later approximately 20 specific localities were each visited by at least 2000 tourists and
eight sites were visited by over 10,000 tourists. Port Lockroy (Goudier Island) and Half Moon
Island received more than 15,000 visitors in the season 1999/2000 (Lynch et al. 2009). In the
year 2010 these numbers had again substantially increased (Table 1).

The number of tour operators and recreational ships has also increased dramatically in the past
decades (Roura et al. 2008). Now more than 40 different operators from almost 15 different
countries with approximately 50 cruise ships and yachts offer cruises with the possibility of
land excursions, which concentrate on the Antarctic Peninsula (IAATO


http://www.expeditions.com/

Anthropogenic Impacts on Antarctic Soil Organisms

2011). Antarctica has thus become a popular goal for tourists and tours in the region are
actively marketed. Not only have the number of travellers and ships to Antarctica thereby
intensified, but also the time period of touristic activities within the Antarctic summer (Lynch et
al. 2009; Fig. 2). Most likely due to the recent global economic difficulties, the number of

tourists to Antarctica have decreased somewhat since the
2007/2008 season and is slowly stabilizing around 20,000
and 34,000, respectively, in the season 2010/2011 (Fig. 1).
It is expected that the Antarctic ban on ships operated
with heavy oil, which came into effect in 2011, will at
least temporarily dampen a renewed increase in the
number of Antarctic visitors.

The number of persons present in Antarctica for reasons
of research is far less than the number of tourists.
Currently, 80 research stations are operated by 29 nations
in Antarctica, almost half of which are active year round
(www.scar.org/information; = www.comnap.aq). Many
stations have existed for several decades, some continually
active since the end of the 1950s, so that the long-term
burden on the environment due to these research stations
can be considerable. Such environmental impacts are
mostly caused by physical changes in the landscape, but
also by extensive pollution due to, e.g., accidents,
handling of fuels and chemicals or waste products
(Kennicutt et al. 2010, Tin et al. 2009). Such
environmental contamination in the vicinity of research
station has been studied for over 30 years and restoration
measures have been carried out time and again (e.g.,
Peter et al 2008, 2013). In the context of the present
study, on the other hand, the focus of interest is in
primarily changes in soil substrates and soil organisms
due to human trampling. In Antarctica approximately
4,300 people live and work during the summer, reducing
to a little over 1,000 in winter (Council of Managers of
National Antarctic Programmes: www.comnap.aq). The
environmental burden caused by these research personnel
can therefore be regarded as being less than that of
tourists. However, trampling affects in the vicinity of
research stations is considerably more concentrated. The
cumulative effects connected with research-station

Table 1: Number of visitors in selected
Antarctic locations in the season 2010/201
(the 20 most frequently visited sites plus a
number of potential study sites in the

present study). Source: IAATO 2011

Season 2010-2011 Total
Cuverville Island 29,690
Neko Harbor 25,264
Lemaire Channel 22,504
Whalers Bay 19,477
Elephant Island 19,326
Goudier Island 19,000
Gerlache Strait 18,007
Neumayer Channel 17,312
Paradise Bay 16,273
Palmer Station 15,789
Half Moon Island 15,509
Antarctic Sound 14,895
Petermann Island 12,982
Deception Island 12,264
Pléneau Island 1,317
Jougla Point 11,303
Bismarck Strait 10,715
Almirante Brown 10,200
Aitcho - Barrientos Island 9,591
Vernadsky Station 9,517
Paulet Island 5,301
Telefon Bay 5,101
Melchior Islands 5,066
Detaille Island 4,024
Admiralty Sound 3,555
Devil Island 3,224
Hannah Point 2,119
Point Wild 2,607
Lemaire Island 1,899
Yalour Islands 1,889
Arctowski Station 960
Ardley Island 524
Laurie Island 425

South Orkney Islands

60

personnel has already been the subject of specific studies (e.g., Campbell et al. 1998, Ayers
2008, Chwedorzewska & Korczak 2010). On the other hand, the potential environmental
impacts by tourists are spatially much more extensive and thus potentially concern much

larger areas especially on and around the Antarctic Peninsula.
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Concern regarding the potential impact of tourists
on the Antarctic environment was expressed as early
as 1966 at the ATCM (Antarctic Treaty Consultative
Meeting) (Murray & Jabour 2004). Nevertheless,
towards the end of the 1980s, the potential
environmental impact of tourists was considered to
be minor due to the relatively low number of visitors
at that time (Erize 1987, IAATO 2001). Legal
protection to the Antarctic environment was first
provided by the ,Protocol on Environmental
Protection to the Antarctic Treaty” from 1991 (which
came into force in 1998). Paragraph 8 of this
protocol required an assessment of the effects of all
activities on the Antarctic environment, in which
tourism was expressly mentioned. However, this
assessment was mainly expected to take place by self-
regulation of the tourist industry (Maher 2005). Such
self-regulation was undertaken almost exclusively by
the International Association of Antarctica Tour  Fig. 2: Increase of the time period per
Operators (IAATO), a US-American non-governmental X‘;atgrocftit:‘;rrigg i;ﬁ‘c’glgi 211? ;%%;mrmme
organization (NGO) founded in 1991 by seven

Antarctic tour operators. The IAATO presently has over 75 members from 14 different nations,
which mostly offer ship cruises but also plane flights and land-based travel. The IAATO
represents almost 90% of all Antarctic tour providers (IAATO 2010). The remaining 10%
constitute operators of private and commercial yachts or similar smaller ships, with
approximately only half of these authorized by the Antarctic Treaty States (IAATO 2010). The
IAATO members commit themselves to compliance with the (environmental) guidelines of the
ATCMs as defined in Resolution 4 (2007) of the Antarctic Treaty, such as limitation to the
maximum number of tourists (100) that can simultaneously undertake land excursions or the
ban on land excursion for ships carrying more than 500 passengers. The self-reqgulation of the
tourism industry concerning the environmental impacts of tourism activities has been assessed
as being successful (ATME 2004, Maher 2005) and is considered to be an essential component
of the regulation and control of Antarctic tourism. The IAATO has in many aspects preceded
the ATCPs (Antarctic Treaty Consultative Party), e.g., concerning tourism management, data
collection as well as the development of behavioural guidelines for land excursions (Maher
2005). For example, guidelines of the ATCMs were partly developed by the IAATO itself, IAATO
members abided by these guidelines well before they became obligatory for all Antarctic
visitors, and the specific IAATO guidelines also partly exceed in content internationally
compulsory guidelines.

As part of the environmental protection efforts in Antarctica, the first formalised visitor
guidelines were established in 1990 by founding members of the IAATO. At the XVIII. ATCM in
1994, the IAATO guidelines (which had already been modified) were adopted as the basis of
Recommendation XVII-1 (“Guidance for Visitors to the Antarctic” and “Guidance for those
Conducting Tourism and Non-Governmental Activities in Antarctica”). These guidelines were
intended to limit damage to flora and fauna caused by tourism. Binding, site-specific guidelines
for tourists (., Visitor Site Guides”) were first adopted at the ATCMs 2005 and 2006 (ATCM 2005,
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2006). These guidelines existed for only 16 localities, but were continually supplemented
throughout the following years. Presently (in 2012), 35 such guidelines exist for the most
frequently visited localities. However, more than 200 sites are regularly visited by tourists
(http://iaato.org/de/tourism-statistics). These guidelines primarily contain behavioural rules,
specify local visitation zones and serve as protection of the environment; predominantly the
protection of breeding colonies (penguins, seals and sea birds) as well as extended patches of
vegetation. Other environmental aspects, such as soils or even soil organisms, are not
mentioned at all.

These visitor guidelines primarily aimed toward preventing environmental damage and are
based on Article 3 of the Environmental Protocol, which states that human activities are to be
planned and carried out such that negative impacts to the environment remain limited.
According to Article 8 of the Environmental Protocol, an Environmental Impact Assessment
(EIA) is required for all human activities in Antarctica, whereby different levels are designated
(s. Annex I). In the so-called preparation phase, a preliminary evaluation of expected
environmental effects is to be carried out. If only slight or temporary disturbances are thereby
predicted, then an Initial Environmental Evaluation (IEE) takes place. If more serious impacts
are predicted, then a Comprehensive Environmental Evaluation (CEE) is necessary. However,
impacts predicted in the preparation phases are rarely followed up or verified by the Antarctic
Treaty Consultative Parties. EIAs are usually only adopted by singular activities and the EIA-
Instruments are rarely activated (Tin et al. 2009). Up to now, EIAs of the effects of Antarctic
tourism mostly concerned preparatory phases or at the most IEEs and were sometimes
superficial and inadequately implemented. Furthermore, they rarely considered the risk of
cumulative impacts of tourism (Kriwoken & Rootes 2000, Hemmings & Roura 2003, Roura et al.
2008), although this is specifically mentioned in Article 3 of the Environmental Protocol. An
extraordinary meeting of the Antarctic Treaty States in 2004 on the effects of Antarctic tourism
acknowledged the lack of binding standards as well as the inadequate control and execution of
EIAs (ATME 2004). CEEs of touristic activities have to date not been carried out at all (Tin et al.
2009). Correspondingly, no official monitoring of the impacts of tourism on the Antarctic
environment exists. Any knowledge of such impacts is based exclusively on single scientific
studies. Specific studies focussing on the impact of touristic activities on Antarctic soils and soil
organisms are thus lacking and badly needed.

The majority of scientific investigations of anthropogenic influences on the Antarctic
environment deal with marine ecosystems (Knox 2006, Kennicutt et al. 2011) or with the
consequences of chemical contamination caused by oil leaked during ship accidents, by
garbage dumps or by wastewater (Poland et al. 2003, Bargagli 2005, Peter et al. 2008, Tin et al.
2009, Kennicutt et al. 2011). Although such contamination is widely distributed throughout
Antarctica, it causes are generally connected with research stations and therefore usually lie in
the direct vicinity of such stations (Tin et al. 2009). Objects of terrestrial research as well as the
target of most touristic excursions are the widely distributed breeding and moulting sites of
vertebrate animals such as penguins, seals and seabirds. Therefore, previous studies have
mainly investigated the reaction of Antarctic invertebrates (penguins, seabirds and (partly)
seals) to the presence of humans, both regarding station personnel as well as tourists.
Anthropogenically caused reactions of these animals can, however, be species-, site- and activity
specific (Holmes et al. 2006), so that the results of these studies are partly contradictory (de
Villiers 2008). Although human activity apparently causes little disturbance of, e.g., Adélie
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(Pygoscelis adeliae) or Gentoo penguins (Pygoscelis papua) (Cobley & Shears 1999, Carlini et al.
2007, Trathan et al. 2008), indications do exist for anthropogenically caused population
declines of Southern Giant Petrel (Macronectes giganteus) and Snow Petrel (Pagodroma nivea)
(Chen & Blume 1997, Micol & Jouventin 2001, Peter et al. 2008, Tin et al. 2009). However,
previous data did not show clearly an anthropogenic impact on population densities, so do not
indicate that tourism has a significant impact on Antarctic wildlife, but rather imply that
potential impacts are often not recognizable due to the influence of other highly variable
environmental factors (Fraser & Patterson-Fraser 2009). Other parameters sometimes show more
distinct changes caused by human activities, such as the behaviour or physiology of the animals
(Pfeiffer & Peter 2003, de Villiers 2008, Peter et al. 2008). Potential impacts of multiple stressors
and cumulative effects on the populations or biology of the species studied can also be
aggravated by ongoing tourism (Micol & Jouventin 2001, Holmes et al. 2006).
Anthropogenically caused impacts on the Antarctic environment are therefore sometimes
subtle, indirect or first noticeable after longer periods and must always be evaluated in relation
to other influencing environmental factors.

The preferred Antarctic breeding and moulting sites of penguins, seals and sea birds are
generally ice-free areas. However, only about 1% of the entire Antarctic continent is free of ice
and 60-80% (depending on literature source) of this minimal ice-free area is found on the
Antarctic Peninsula (Fox et al. 1994, Beyer & Bolter 2002). Only in such ice-free areas can soils
and, accordingly, soil organisms be found. Since the concentrations of touristic excursions
target exactly such areas, these sites are particularly susceptible to disturbance and negative
impacts by human activities. Important processes of soil genesis (e.g., weathering of bedrock,
development of mineral soil, input of organic matter, bioturbation or soil horizon
development), which consist of diverse biological and abiotic processes in the temperate zones
(Bardgett 2005) are, in Antarctica, reduced to only a few, often purely abiotic processes or do
not exist at all (Bayer & Bolter 2002). Accordingly, Antarctic soils are considered to be very
sensitive to anthropogenic disturbance (Campbell et al. 1998, Beyer & Bolter 2002). Despite
these facts, only few studies on the impact of human activities on Antarctic soils and soil
organisms have been carried out in the past. In addition to chemical contamination (e.g., Chen
& Blume 1997), some studies have explored the effects of direct physical changes by vehicles or
individuals, for instance rut formation, erosion or soil compaction (Hofman & Jatko 2000,
IAATO 2001, Campbell et al. 2008, Tejedo et al. 2009, Naveen & Kynch 2011). Terrestrial
Antarctic habitats are especially sensitive to such disturbances, which can be compounded by
continual human activities (cumulative effects; IAATO 2001, Tejedo et al. 2009) and by the very
limited natural recovery and regeneration rates in Antarctic soils (Campbell et al. 2008, Tejedo
et al. 2009).

The Antarctic terrestrial soil flora and fauna is very species poor, whereby many higher
taxonomical groups commonly found in more moderate climatic zones (e.g., Lumbricidae,
Diplopoda) are completely missing (Convey 2005, 2011). The biodiversity and complexity of
terrestrial species communities generally become more reduced with increasing latitude and
climatic harshness, although the small-scale variability is very high (Chown & Convey 2007,
Peat et al. 2007). In the Antarctic flora, botanical species communities are generally comprised
of cryptogams (mosses, liverworts and lichens) with only two higher (valcular) plants species
occurring naturally along the Antarctic Peninsula (Frenot et al. 2005, Peat et al. 2007). The few
studies of anthropogenic influences on the vegetation mostly attest to direct damage, e.g.,
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trampling of mosses or the grass Deschampsia antarctica, or to indirect damages caused by an
impact on growth parameters or the underlying soil material. Such damage often occurs most
strongly in regions of the Antarctic Peninsula (Hofman & Jatko 2000, IAATO 2001, Bargagli
2005, Peter et al. 2008, Naveen & Kynch 2011). Mosses and especially lichens can be damaged
by the emission of pollutants, even if the emission source (usually research stations or ships) are
over 100 km distant (Chen & Blume 1997). Such negative impacts can be considerably more
damaging than in temperate regions, because even relatively minor human influence can
occur to a degree that is beyond the natural regeneration ability of the vegetation (Tin et al.
2009).

Ice-free areas of Antarctica are particularly important for the terrestrial invertebrate faunal
communities, because such species can only find Antarctic ecosystems habitats under or
between stones, or in soil substrates. Besides tropical forests and coral rifts, soils represent one
of the largest reservoirs of animal biodiversity on earth (André et al. 1994, Giller 1996). The
terrestrial invertebrate species occurring in Antarctica are generally relatively well known due
to the many, albeit often purely descriptive studies of the last 120 years (e.g., Michael 1895,
Tragardh 1908, Dalenius & Wilson 1958, Womersley & Strandtmann 1963, Wise 1964, 1971,
Wallwork 1965, 1973, Hunter 1967, Greenslade & Wise 1984, Somme 1986, Usher & Booth
1986, Dastych 1989, Potapov 1991, Higashi & Sugawara 1992, Greenslade 1995, Block & Stary
1996, Andrassy 1998, McInnes & Pugh 1998, Convey et al. 2000a, Sanyal & Gupta 2005). Many
major taxonomical groups that are usually found in soils are totally missing in Antarctica and
the endemic terrestrial invertebrate fauna merely consists of Diptera (flies, albeit only two
species), Acari (mites), Collembola (springtails), Nematoda (roundworms), Rotifera (rotifers),
Tardigrada (water bears) and Protozoa (single-celled animals) (Block 1984, Hogg & Stevens
2002, Convey 2005). Compared with other ecosystems, e.g. in the tropics or the temperate
zones, the terrestrial Antarctic fauna is very species- and structurally poor throughout all
occurring animal groups (Ryan et al. 1989, Sohlenius et al. 1995, Block & Stary 1996, Convey &
Lewis Smith 1997, Freckman & Virginia 1997, Convey et al. 2000b, Convey 2005, 2011). The
faunal communities, especially of Continental Antarctica, belong to the simplest on earth
(Freckman & Virginia 1997, Convey et al. 2000b, Hogg et al. 2006), whereby even the otherwise
ubiquitous Nematoda can be totally missing (Convey & McInnes 2005). Nonetheless, the
individual numbers of species occurring in Antarctic ecosystems can at times be very high
(Ohyama & Hiruta 1995, Sohlenius et al. 1995, Caruso & Bargagli 2007, Sanyal & Hazra 2008,
Schulte et al. 2008, Sohlenius & Bostrom 2008), so that these very simple biotic communities
can be composed of very few species in very large populations. Furthermore, the functional
diversity of Antarctic terrestrial habitats is very limited. Most Antarctic soil invertebrates are
most likely microbivorous or detritivorous, while true herbivores and predators only play a very
minor role (Convey et al. 2000b, Hogg et al. 2006, Tin et al. 2009).

Although many scientific basic studies have been carried out on the Antarctic soil fauna, hardly
any studies of the impact of human activities on Antarctic terrestrial invertebrate communities
exist. The few existing studies have at times shown negative effects even after only minor
anthropogenic influence (Ayers et al. 2008, Tejedo et al. 2009). However, these studies only
investigated the impact on total densities of single species or only major groups. An impact on
other biodiversity parameters remains unknown.

In contrast, the potential or actual introduction of non-native species into Antarctic habitats has
been more intensely studied. A clear danger of an anthropogenic introduction of species into
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Antarctica habitats, especially by tourists, has often been emphasized in the past (Bergstrom &
Chown 1999, Hofman & Jatko 2000, de Poorter et al. 2006). On the one hand, Antarctic species
are particularly adapted to the extreme climatic conditions, so only species that survive the
stresses of severe cold and aridity can occur (Somme et al. 1993, Block & Harrisson 1995,
Wharton 2003). Species immigrating from lower latitudes usually cannot survive these
conditions (Convey et al. 2000b, Sinclair 2002). On the other hand, the low biodiversity and
simplicity of Antarctic terrestrial biotic communities potentially render them very susceptible to
colonization by immigrating species; firstly, because the indigenous species are most likely very
competition-poor and have little protection against predators (Frenot et al. 2005, Convey 2006)
and, secondly, previously unoccupied ecological niches (i.e., ecosystem functions or trophic
levels that had not previously existed) can be filled by newly introduced species (Tin et al. 2009,
Convey 2011).

In the past there have been a few intentional anthropogenic introductions of non-native plant
or animal species (i.e., during botanical transplantation studies), but for the most part
introductions have been unintentional, via freight, vehicles, food or clothing of station
personnel and tourists (Downie et al. 2000, Frenot et al. 2005, Tin et al. 2009, Hughes et al.
2011). To date, five plant species, three of which are grasses (Poa annua, P. pratensis, P.
trivialis), are known to have been introduced into Antarctica and to have established
permanent populations in the vicinity of research stations (Frenot et al. 2005, Tin et al 2009).
Among the introduced animal species, two were most likely to have been imported during
plant transplantation experiments on Signy Island: the Enchytraeid Christensenidrilus blocki
and the Chironomid Eretmoptera murphyi (Convey & Block 1996, D6zsa-Farkas & Convey 1997,
Frenot et al. 2005. Tin et al. 2009). Both are also known from the neighbouring Subantarctic
South Georgia. Otherwise, only collembolan species have been identified as being introduced,
mostly in the Maritime Antarctica (South Shetland Islands, especially Deception Island, and
Marguerite Bay): Hypogastrura viatica, Folsomia candida and an as yet unidentified
Protaphorura species (Greenslade & Wise 1984, Greenslade 1995).

A further danger to Antarctic soil organisms exists in the impact of anthropogenic transfer of
species between different localities of the continent. Antarctica does not consist of a single
unified biogeographical region. The so-called ,Gressitt Line“ (Chown & Convey 2007, Tin et al.
2009, Convey 2011), a biogeographical border crossing the southern Antarctic Peninsula, marks
an almost absolute break in species inventory and exists for a few taxonomically important
major groups (e.g., Acari, Collembola, Nematoda). A strong regionalized occurrence of various
species exists in all areas of the Antarctic continent and the Antarctic Peninsula (Chown &
Convey 2007, Caruso & Bargagli 2007, Convey 2011). These significantly fragmented and
isolated species communities offer ideal conditions for local differentiation of single species
and communities (Chown & Convey 2007, Tin et al. 2009). In specific areas, even taxonomical
important major groups are missing, i.e. Collembola on Nunataks of Charcot Island (Convey et
al. 2000a) or Nematoda in Ellsworth Land (Convey & McInnes 2005). The transfer of other
species (especially from these major groups) into areas in which they otherwise do not occur
can dramatically change the fragile community structures or even entire soil food webs.

In light of the very large number of tourists visiting ice-free areas of Antarctica, the impact of
human, in the most part touristic activities on Antarctic soils and soil organisms can be
formidable. Almost all basic scientific studies, as well as the few investigations on the impact of
human activities on Antarctic soil organisms, were performed in relatively limited, local areas
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and usually concentrated on single taxonomic groups. Investigations of anthropogenic impacts
at larger regional scales are extremely rare (Tin et al. 2009). The present study therefore aimed
to investigate the potential anthropogenic impacts on the major components of the soil biotic
community (with the exception of microorganisms: bacteria and fungi) over a wide region
strongly affected by tourism (the Antarctic Peninsula). Localities that are strongly frequented by
tourists, and also research-station personnel and scientists, were especially chosen as study sites.
As a first project target, potentially introduced non-native soil animal species were to be
specifically identified. In light of the danger of an introduction of non-native species, the
present study investigated and evaluated the effectiveness of prevention and cautionary
measures (“Bootwashing®) against unintentional introductions of soil organisms. The present
study also investigated the anthropogenic impact on the occurrence and composition of native
soil species and invertebrate communities in maritime Antarctic localities. Furthermore, the
hypothesis that areas with high tourism pressure could facilitate the transfer of species between
microhabitats within a locality, which may be larger than between localities, leading to the
homogenisation of the species composition for different microhabitats and thus to a reduction
in B-diversity (= species turnover between micro-habitats) was tested.
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2 Materials and Methods
2.1 Fieldwork

2.1.1 Selection of potential study sites

Maritime Antarctica, in which the current project is concentrated, includes (among others) the
South Shetland Islands, the South Sandwich Islands, Bouvet Island, the South Orkney Islands,
the Palmer Archipelago as well as the western side of the Antarctic Peninsula up to 72° S with
its neighbouring smaller and larger islands (Fig. 3).

Fig. 3: Division of terrestrial Antarctica into
biotic zones in a broad understanding.

Since the key goal of the present study concerned recognizing anthropogenic impacts on soil
organisms, the main criterion in the selection of potential study sites was a regular presence of
humans, in particular tourists. Especially study sites experiencing high tourist pressure or
considerable research activities were necessary. Therefore, predominantly locations along the
Antarctic Peninsula visited by touristic cruise ships during land excursions came into
consideration for the fieldwork. Furthermore, areas were preferred that were strongly
frequented by station and research personnel.

To keep the sampling as cost-efficient as possible, it was planned to carry out the fieldwork
during normally scheduled cruise-ship tours and/or during previously planned research trips of
other workgroups. Since these are variable from year to year, the exact study sites could not be
established in detail at the beginning of the project. The project management (German Federal
Environment Agency: UBA) agreed to choosing the specific study sites first after the project had
begun. For this, different German tour operators were approached, who agreed to support the
fieldwork during land excursions of various Antarctic tours of three cruise ships: the MS
Hanseatic, the MS Bremen (both Hapag-Lloyd Kreuzfahrten GmbH Hamburg) as well as the MS
Delphin (Hansatours GmbH Hamburg). However, it would have been financially prohibitive and
extremely time consuming for project personnel to join all cruises and research trips. It was
therefore arranged together with the project management that field sampling be performed by
the scientific personnel of the cruise ships and research groups. The following expedition
leaders agreed to participate: Dr. Arne Kertelhein (MS Hanseatic), Dr. Klemens Piitz (MS
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Delphin), Dr. Hans-Joachim Spitzenberger (MS Bremen). Furthermore, the possibility arose that
members of the work group Ornithoecology of Dr. Hans-Ulrich Peter (Institute for Ecology of
the Friedrich Schiller University Jena) could sample additional sites on the Fildes Peninsula of
King George Island during their annual research trip there between January and March.

Exactly which area was to be sampled and how sampling was to take place depended on the
nature and conditions of the potential study sites, in particular the existence of diverse
microhabitats (i.e., bare soil substrates, vegetation, melt streams etc.) both influenced by
tourists and occurring in a non-influenced state. Based upon the list of probable land-excursion
sites of the three cruise ships listed above, information on the climate, geomorphology, soils
and ecological conditions of the localities was researched. In spite of obtaining all possible
information, the local conditions of the individual excursion sites of these cruise ships was not
known in detail at the beginning of this project. For this reason, the expedition leaders of the
cruise ships were invited to report on their many years of experience in the known land-
excursion localities. During these meetings the expedition leaders were briefed on and received
first instructions in soil-zoological sampling methods.

Proceeding from the results of this background research and meetings with the expedition
leaders, as well as from the ecological requirements of potential study sites, firstly, tours of the
three cruise ships listed above were chosen in which appropriate weather conditions could be
expected (i.e., snow cover no longer probable etc.)), and, secondly, potential study sites (=
localities) among the expected land-excursion sites of these tours were identified. All potential
study sites were located on or around the Antarctic Peninsula.

Potential study sites

e King George Island (Arctowski Station)
e Paulet Island

e Devil Island

e Half Moon Island

e Deception Island (Whalers Bay)

e (Cuverville Island

e Neko Harbour

e Peterman Island

e Yalour Islands

e Horseshoe Island

Furthermore, various study sites on or around the Fildes Peninsula (King George Island) were
taken into consideration. All of these various localities were at first considered to be primarily
potential study sites, since the actual sampling possibilities in these areas depended upon the
current environmental conditions (weather, snow, ice), which determined whether land
excursions from the cruise ships or accessibility of study sites by research personnel was
possible or not. It was therefore necessary to target various tours of different cruise ships within
the Antarctic summer for carrying out the field sampling, in order that as many sampling sites
per year as possible could be obtained.

2.1.2 Sampling design within the Antarctic study sites

During studies of soil organisms, it is necessary that the exact number and distribution of soil
samples (= data collection) be adapted to the planned statistical data analyses. Therefore, as a
first step in determining the sampling design to be used during the fieldwork, the statistical
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analysis methods - especially concerning the evaluation of B-diversity differences - were
discussed and coordinated with the European project partners. It was thereby chosen to use a
multivariate ANOVA (,PERMANOVA® = permutational MANOVA; s. below: "Statistical Analyses®)
with the main factors ,,anthropogenically influenced” and ,anthropogenically non-influenced*.
The sampling design of the fieldwork was adapted to these analysis methods as well as on the
expected field conditions.

Based upon the results of the background site research as well as the meetings with the
expedition leaders listed above, a detailed sampling design (including exact information on the
number and distribution of all soil and vegetation samples) was coordinated and agreed upon
with all project partners. A sampling design was collectively defined which (1) took the
expected local environmental conditions into consideration, (2) guaranteed the data basis
necessary for a robust statistical analysis of the results in regard to the main study questions
(especially concerning B-diversity) and (3) was feasible within the project duration and
resources regarding the necessary amount of labour. Due to the expected high B-diversity (due
to habitat fragmentation and isolation of individual species, e.g., Richard et al. 1994, Stevens &
Hogg 2002, Caruso & Bargagli 2007), the use of a nested sampling design is recommended for
field studies of Antarctic soil organisms (Caruso-& Bargagli 2007). The sampling design used in
the present study therefore contained the following nested levels of hierarchy (Fig. 4):

4Location”:

Jreatment”:
O ,tourists”

O no,tourists”

JArea’:

.Core”

Fig. 4: Levels of hierarchy contained in the sampling design used in the
present study, as exemplified by Halfmoon Island (map from the
~Halfmoon Island Visitor Site Guide®).

o ~Location “ (= in each season maximally nine different Antarctic landing sites of the cruise
ships. If more than nine localities were sampled, only those samples from the most
promising locations were to be further processed and evaluated during the current
project.)

. ~lreatment® (= either anthropogenically influenced or non-influenced areas within a
locality.)

1
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. ~Area“ (= difference study plots within a treatment; separated into - preferably - three
anthropogenically influenced and three non-influenced plots per locality.) The exact
choice of the plots was to take place by pairs (one anthropogenically influenced and one
non-influenced plot, which should otherwise be similar in regard to soil substrate,
vegetation etc.) to ensure comparability of the treatments. Since tourists especially visit
Antarctic sites that are strongly frequented by wildlife (seals, penguins and seabirds),
careful attention was to be paid for similar wildlife densities in the anthropogenically
influenced and non-influenced plot pairs. It was otherwise not possible in the present
project to differentiate between an influence of humans and wildlife. This resulted in the
disadvantage that only an anthropogenic influence needed could be recognized that was
above and beyond that of wildlife.

o ~Core”: the specific soil sample within a plot (four per plot, evenly distributed within a
square meter). Since soil organisms are per se are very heterogeneously distributed even
at very small spatial scales, multiple samples per study plot are necessary in order to
ensure that the biotic communities are representatively sampled and not only a random
selection of the occurring species are detected. Four samples per square meter was
considered to be an absolute minimum, but still possible to process within the project
duration. During previous investigations of the Antarctic soil fauna, the undersides of
stones are very often washed during sampling (e.g., Goddard 1979, Richard et al. 1994,
Convey & Lewis Smith 1997, Convey & Quintana 1997). However, this sampling method is
very time intensive and was therefore not possible during the short time periods available
during land excursions. The limitation to soil samples was therefore necessitated by the
time available for sampling in each locality; however, an important microhabitat for soil
fauna was thereby missed. Nonetheless, the uniform sampling method guaranteed the
comparability of all study locations. Besides soil sampling, if vegetational differences
between plots (areas) were macroscopically recognizable, additional vegetation samples
per area were to be taken in order to register the ground vegetation as completely as
possible.

2.1.3 Preparatory activities

This sampling design was explained in detail to the expedition leaders and the scientific
personnel carrying out the sampling. Furthermore, detailed fieldwork guidelines were
developed for those performing the sampling. The guidelines contained a scheme of the
necessary spatial distribution of the single samples as well as criteria for choosing sampling plots
(= “areas”) and the individual sampling points (Appendix 1, Fig. Al-1). Furthermore, a
standardized protocol for the fieldwork was developed together with all project partners, which
contained all the information necessary for latter data evaluation and therefore needed to be
noted during fieldwork (Appendix 1, Fig. A1-2). This protocol, firstly, guaranteed that sampling
was standardized and thus all results were comparable and, secondly, that the sampling was
well understood after the fact by the project partners analyzing the data. The protocol therefore
contained all information necessary for the subsequent data analysis.

During the meetings with expedition leaders, these were instructed in detail on the methods of
soil-biological sampling. Other expedition leaders and scientists were instructed by telephone.
The necessary equipment for the fieldwork was provided, consisting of sampling tools (soil corer
of 6 cm radius, hand shovel, knife etc.), sample containers for receiving and transporting the soil
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and vegetation samples, digital soil thermometer as well as a digital camera for (comparable)
documentation the sampling sites.

2.1.4 Actually sampled locations

Sampling was carried out by the scientists and expedition leaders named above. Since (mainly)
adverse weather conditions sometimes did not allow land excursions in specific localities
during the chosen cruises, not all of the targeted localities could actually be sampled and only
very few localities could be sampled in both study years. In the end, a total of 13 localities were
sampled, nine in the first study year (2010), seven in the second year (2011) and only three in
both study years (Fig. 5).

Fig. 5: Maritime Antarctic locations investigated in the current project, with the years in
which these locations were sampled.

The northernmost study sites were located in the South Shetland Islands, with many locations
on King George Island. The locality ,Arctowski Station® (Fig. 6) was situated on the northeast
of the island in the vicinity of the Polish research station Arctowski on a peninsula extending
into Admirality Bay. The coast there is generally gravelly, whereby the soil substrate contains
more clay further inland. A comparatively rich soil vegetation is present, mainly consisting of
mosses, lichens as well as the only naturally occurring Antarctic grass species Deschampsia
antarctica. The influenced areas were frequented both by tourists as well as station personnel.
The non-influenced areas were located approximately 5 m distant from the influenced areas
within an area of extended vegetation in the Antarctic Specially Protected Area (ASPA) Nr. 128
~Admirality Bay“. The locality was sampled in the study year 2010.

Many study sites were located on the southwest of the island, on or around the approximately 7
km long Fildes Peninsula. The locality ,Biclogenbucht” is found on the western side of the
peninsula south of the Gemel Peaks, approximately 250 m inland of the coast of the bay of the
same name (Fig. 7). The sampled areas were located halfway up the southern slope, through
which multiple meltwater streams flowed. The soils consisted of a sandy to finely grained
substrate interspersed with gravel. Ground vegetation consisted mainly of mosses and was
relatively closed. The influenced areas were situated on footpaths occasionally trampled by
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station personnel; the non-influenced areas were approximately 50 m distant offside the
footpath. The locality was sampled in 2010.

]
]

Fig. 6: Sampling plots (,areas“) of the locality ,Arctowski Station“ on Klng
George Island. Letters represent the individual sampling areas =
anthropogenically influenced, B = non-influenced). Inserts show a magmflcatlon
of the specific sampling points.

|
|

Fig. 7: Sampling plots (,areas“) of the locality ,Biologenbucht® on the Fildes
Peninsula of King George Island. Upper left = overview of the sampling site.
Letters represent the individual sampling areas (A = anthropogenically influenced,
B = non-influenced). Inserts show a magnification of the specific sampling points.
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Fig. 8: Sampling plots (,areas®) of the locality ,Punta Christian I on the Fildes
Peninsula of King George Island. Figure explanations as in Fig. 7.

Two further study sites were located on the eastern side of the Fildes Peninsula, on the
northern coast of Maxwell Bay approximately 1 km from the Russian research station
Bellinghausen: ,Punta Christian I & II* (Figs 8 & 9). Punta Christian I was located on a cliff
above the coast along the foot path leading to Punta Rodriguez. The substrate of this locality
was rocky with a very thin sandy soil layer interspersed with gravel. The vegetation consisted of
patchily distributed moss cushions as well as lichens on exposed rock. The influenced areas
were located along the footpath; the non-influenced areas a few meters offside this path. Punta
Christian II was located approximately 250 m from the first site on the lower coastal terrace of
the northern Maxwell Bay. The soil substrate was sandy, interspersed with larger stones. The
vegetation consisted of an (at times) patchily distributed moss cover. These two localities were
also sampled in the year 2010.

The last study area around the Fildes Peninsula was located on ,Ardley Island” (Fig. 10), an
island on the west side of Maxwell Bay east of the Fildes Peninsula. A major part of the island is
environmentally protected (ASPA Nr. 150 ,Ardley Island®). The soil substrate consists mostly of
crushed rock and gravel, the vegetation of a relatively dense and closed moss carpet. The
anthropogenically influenced area was located along an older vehicle track now used by
researchers and station personnel as a footpath. The non-influenced area was located
approximately 10-20 m distant from this path. Ardley Island was sampled in the year 2011.
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Fig. 9: Sampling plots (,areas“) of the locality ,Punta Christian II“ on the
Fildes Peninsula of King George Island. Figure explanations as in Fig. 7.

Fig. 10: Sampling plots (,areas” of the locality ,Ardley Island” (selectlon)
Figure explanations as in Flg

UD

The locality ,Halfmoon Island® is a 2 km long crescent-moon-shaped island northeast of
Livingston Island. The study site was located in a gravelly area on a peninsula in the southern
part of the island. The soils consisted of stones embedded in a clay matrix; the samples were
taken from this matrix. The vegetation - if present- consisted of sporadically occurring mosses
and lichens as well as single patches of Deschampsia antarctica. The influenced area was
frequented by tourists. Two areas were closed for tourists due to breeding seabirds and
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Chinstrap Penguins (Pygoscelis antarctica); an area lightly vegetated with mosses and lichens
located on a hill did not belong to the closed area (Naveen & Lynch 2011). The locality could be
sampled in 2010 as well as 2011. The influenced areas sampled in 2010 were located along the
footpath frequented by tourists; on the one hand on barren soils, on the other at the edge of an
area vegetated by mosses (Fig. 11). The non-influenced area was located in 2010 in similar
areas approximately 50 m distant from influenced areas. In the year 2011, influenced areas
were strongly frequented by tourists and were located at the edge of the penguin colony in
.Closed Area B“, the non-influenced area was located at the edge of a penguin colony close to
the eastern tip of the peninsula.

Fig. 11: Sampling plots (,areas”) of the locality ,Halfmoon Island“ (examples).
Figure explanations as in Fig. 7.

The locality ,Hannah Point“ (Fig. 12) was located on a narrow peninsula in the southwest of
the neighbouring Livingston Island. The area is very hilly with steep slopes. The underground
consists of larger stones and gravel embedded in a clay matrix. Larger rookeries of Chinstrap
and Gentoo Penguins (Pygoscelis antarctica and P. papua) are found on the peninsula. Hannah
Point is strongly frequented by tourists due to its geomorphology, large colonies of penguins
and seabirds as well as the presence of sea elephants (Mirounga leonina) and vegetated areas in
an otherwise strongly glaciated region. The actual study sites were located midway up a slope
on the rear edge of a Chinstrap Penguin rookery. The influenced areas were found on the edge
of footpath strongly frequented by tourists and grown over with the algae Prasiola crispa. The
non-influenced area was located approximately 5 m further up the slope, where the cover of
Prasiola crispa merged into a cover of Deschampsia antarctica. The locality was sampled in
2010 as well as 2011.
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Fig. 12: Sampling plots (.areas”) of the locality ,Hannah Point* on
Livingston Island (examples). Figure explanations as in Fig. 7.

Two further sites within the South Shetland Islands were located on Deception Island: ,,Whalers
Bay“ and ,Telefon Bay“. Deception Island is a circular vulcanic island, the center of which
represents the volcano's crater and is filled with seawater. The crater is open and connects with
the Antarctic Ocean in the southwest. The last eruption occurred in 1996. The island is still
geothermically active and especially the coastal soils towards the crater are very warm and can
reach temperatures far above 50° C.

.Whalers Bay“ (Fig. 13) is located on the eastern side of the crater on an extended
semicircular coastal terrace consisting of volcanic sand. The area is the site of a whaling station
founded at the beginning of the 20th century, the use of which was discontinued at the
beginning of the 1930s. Whalers Bay is one of the most strongly touristically visited Antarctic
localities (cf. Table 1). This locality is therefore not only strongly frequented by tourists, but also
has a long history of human activity. Neither penguin rookeries nor breeding colonies of
seabirds or seals are found in this area, most likely due to the strongly warmed soils. Soils of the
study area consist of almost purely barren volcanic sands, on which only sporadic patches of
mosses, lichens and algae are found. The human influenced area was located in the center of
the coastal terrace in the vicinity of the landing site of the cruise ships’ zodiacs. The non-
influenced area laid 50-100 m further inland in a transitional area between the coastal terrace
and the steep slopes rising in the west. The area was sampled in both study years. In 2011 two
further areas were sampled, which were located in barren sands on the tourist path to Roland
Hill (influenced area) and approx. 50 m south of this path (non-influenced area).
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Fig. 13: Sampling plots (,areas“) of the locality ,Whalers Bay“ on Deception
Island (examples). Figure explanations as in Fig. 7.

Fig. 14: Sampling plots (,areas“) of the locality ,Telefon Bay“ on Deception
Island (examples). Figure explanations as in Fig. 7.

~-Telefon Bay“ (Fig. 14) is located in the coastal area in the north of the inner volcanic crater.
The soils of the study site also consist of barren volcanic sands without vegetation and are very
warm as well due to the geothermal activity. As in Whalers Bay, many small meltwater streams
flow through the area, the exact location of which fluctuate from year to year. This locality is
more seldomly visited by tourists and is sporadically entered by researchers studying the
succession after the last volcanic eruption (Naveen & Lynch 2011). In this area, no penguin
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rookeries or other wildlife colonies are found. The influenced area was located along the
footpath near the coast; the non-influenced area approximately 50 m beside the footpath. The
locality was only sampled in 2011.

Two study sites were located on islands in the Weddell Sea in the upper northeast of the
Antarctic Peninsula near the exit of the Antarctic Sound into the Weddell Sea. The two
localities , Devil Island” and ,,Paulet Island” are geologically similar with mountain peaks and
flatter valleys as well as coastal terraces. Large rookeries of Adélie Penguins (Pygoscelis adeliae)
can be found on both islands. For this reason the two localities are commonly visited by
tourists. The soils of the study area on Devil Island are very sandy with embedded gravel;
vegetation was not existent (Fig. 15). Two study plots were located at the edge of the penguin
rookery and two in an area less frequented by penguins (both plot pairs consisting of an
influenced area and a non-influenced area approximately 50-100 m distant from the former).
Devil Island was studied in 2010. The soils of Paulet Island were very rocky with a thin, very
muddy clay matrix and vegetation was also not present Fig. 16). The study plots were located in
an area strongly frequented by penguins along a meltwater stream; the anthropogenically non-
influenced area was approximately 50 m distant from the influenced area. An additional non-
influenced area was also sampled here, on which an exceptional, but extended matt of the
algae Prasiola crispa grew. Sampling took place on Devil Island in 2011,

Fig. 15: Sampling plots (,areas®) of the locality ,Devil Island“ in the Weddell Sea
(examples). Figure explanations as in Fig. 7.
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Fig. 16: Sampling plots (,areas“) of the locality ,Paulet Island“ in the
Weddell Sea (examples). Figure explanations as in Flg 7.

The two southernmost study areas were located on the western side of Antarctica Peninsula.
The locality ,Neko Harbour® is situated on the eastern edge of the bay of the same name. The
study sites were located on an ice-free coastal area, which was otherwise surrounded by glaciers
and was the site of a Gentoo Penguin (Pygoscelis papua) rookery. Next to Whalers Bay, this
locality is one of the Antarctic areas most strongly visited by tourists; the anthropogenic
influence is caused solely by tourists. The soils in the study areas consisted of larger gravel
embedded in clay; the samples were taken from the clay matrix (Fig. 17). The influenced areas
were located along the footpath used by tourists; the non-influenced areas approximately 20 m
from the influenced areas beyond the footpath (with one exception, which was further
separated from the others). The locality was sampled in both study years.

~Petermann Island“ is an approximately 1 km long island, lying in the Penola Strait. It
generally consists of rock and is largely covered by snow and ice. In coastal areas a few snow-
and ice-free spots can be found, on which rookeries of Adélie and Gentoo Penguins (Pygoscelis
adeliae and P. papua) can be found. In the ice-free areas, a few spots of gravelly and non-
vegetated sand can be found between larger rocks, from which the samples were taken (Fig.
18). An anthropogenic influence was almost exclusively caused by tourists. Influenced areas
were located in the visitor areas near the penguin rookeries; the non-influenced area
proximally 20 m distant from the former. The locality was only sampled in 2010.
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Fig. 17: Sampling plots (,areas) of the locality ,Neko Harbour® on the
Antarctic Peninsula (examples). Figure explanations as in Fig. 7.

|
i

Fig. 18: Sampling plots (,areas®) of the locality ,Petermann Island“ (examples).
Figure explanations as in Flg 7.

2.1.5 Sampling

Due to the limited amount of time available during the land excursions, not all study plots (=
“areas”) could be completely sampled in all localities visited by the cruise ships. In other areas,
e.dg., on King George Island, the complete sampling programme could be carried out, i.e., in
four different localities in the first study year (2010). In the second study year (2011), the
localities frequented by tourists were sampled entirely during tours of the MS Hanseatic, mainly
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by A. Kertelhein (and additionally by D. Russell). In this year, sampling of single localities took
place during multiple ship tours so that the complete sampling program could be carried out.
In all sampling sites in both study years, even if only a reduced number of areas were sampled,
the total number of four soil cores per area could be taken. A statistical analysis of the collected
data was therefore possible despite the resulting unbalanced sampling design. Furthermore,
almost all expedition leaders and scientists could obtain the soil cores with the provided soil
corer and to similar soil depths (approx. 4 cm). In all sampling sites, the exact measurements of
the single samples were recorded, so that all collected data were comparable after data
transformation to a standardized sample volume (see below). The soil samples were packaged
in commonplace 2 1 plastic freezer bags, labeled and double sealed. During the remaining ship
tour, the samples were stored at 5-8 °C (e.g., in the ships’ flower storeroom) until arrival in
Ushuaia, Argentina. The vegetation samples, which are taken separately from the soil samples,
were packaged in small paper bags, labeled, sealed and also stored cool and dry. The samples
provided by the workgroup of H.-U. Peter from the Fildes Peninsula were taken immediately
before their return to Germany, so that special storage of the samples before being transported
to Germany was not necessary. The data of the individual sampling occasions are given in
Table 2.

Table 2: The localities actually sampled during the austral summers 2010 und 2011, their exact positions, sampling dates,
person actually performing the sampling (,,Sampler") as well as the number of sampling plots (= areas) per locality and
the total number of soil cores taken per locality.

Locality Coordinates Date »Sampler" Nr. of plots s:r;.pTZS
Devil Island g?:f;lzsig'w S 17.1.2010 A. Kertelhein 4 16
Halfmoon Island ?Sﬁi;‘i;w S 192010 A. Kertelhein 3 12
Halfmoon Island gg:gi:g??::w S 09.11.2010 H.-J. Spitzenberger 6 24
W(*I‘)ae's;m stand) gggggiiw S 19..2010 A. Kertelhein 4 16
W&ﬂi;ﬁgg stand) Zﬁigﬁgw 510902010 | H.-J. Spitzenberger 6 24
Petermann Island gizgﬁgixw S 20.1.2010 A. Kertelhein 2 8
Neko Harbour 2‘21:?6"‘115795':'W S 21.1.2010 A. Kertelhein 4 16
s RS, S0k o u
S |Gy 20 e o
sz}?izagc(;r:esotrlgz Island) 2223°15165'3?;2"W ’ 22..2010 H--U. Peter 6 24
e v | ooy 200 o o
w(r:)a;s; ESZ sland) 6602:3538,'2492.'3946,:;3 02.1.2011 A. Kertelhein, M. Steinhof 6 24
miﬁiﬁ Island) 6602°3538'2492.'3946"v§ 07.11.201 D. Russell 2 8
N e |y i herane o w
Neko Harbour 64°50'41.10"S, 03.1.2011 A. Kertelhein, H. Fries 4 16
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62°31'53.46"W
64°50'41.10"S, .
Neko Harbour 62°31'53.46"W 21.1.201 A. Kertelhein 8
64°50'41.10"S,
Neko Harbour 62°31'53.46"W 10.11.2011 D. Russell 8
62°35'45.84"S, A. Kertelhein,
Halfmoon Island 59°5416.84"W 20.1.2011 H. Fries 24
Ardley Island 62°12'38.40"S, 15.1.2011 H.-U. Peter, 24
(King George Island) 58°56'40.62"W o S. Janowski, A. Nordt
63°34'30.36"S,
Paulet Island 55°46'50 04"W 06.1.201M D. Russell 12
. 62°39'14.94"S,
Hannah Point 60°36'39.84"W 07.1.201M D. Russell 16

2.1.6 Transportation of the samples to Germany

Processing of the samples took place in laboratories in Germany, which necessitated
transporting the samples from Antarctica to Germany. For the physical sampling in Antarctica
as well as the transportation (import) of the samples Germany, the corresponding permits were
provided by the German Federal Environmental agency (UBA) as stipulated by the Act
implementing the Protocol of Environmental Protection to the Antarctic Treaty of 4 October,
1991.

The individual tours of the cruise ships were chosen so that the individual scientists and
expedition leaders (“samplers”) could carry “their” samples directly with them during their
return flight to Germany. The samples were therefore transported to Germany by the persons
taking the samples themselves or their assistants, whereby in both study years the samples were
received by personnel of the Senckenberg Museum of Natural History Gorlitz at the airports in
Frankfurt and/or Leipzig and immediately transported to Gorlitz. Only H.J. Spitzenberger
handed over the samples collected by him on 15 February, 2010, to the ship agent Mr.
Maximiliano Abadie (Agencia Maritima Internacional) in Ushuaia, Argentina. Unfortunately,
long delays in accessing the samples occurred. Since the samples could not be stored cooled,
after five weeks the samples were no longer considered to be representative. Consequently, it
was abstained from transporting these samples to Germany and they were no longer further
processed.

2.2 Laboratory methods

2.2.1 Processing of the soil cores, extraction of soil animals

After arrival of the samples in Gorlitz, they were first separated into vegetation and soil
samples. The vegetation samples were immediately forwarded to the botanist Dr. V. Otte
(SMING). Since the soil samples were packaged in plastic bags and thus were no longer intact in
their original form and structure, they were first visually inspected and the original dimensions
(diameter, depth) of each sample quantified based on the fieldwork protocols, in order for
sample volume to be determined for each sample. In the case that vegetation was present on a
soil sample, this vegetation was separated from the soil, whereby half of the vegetation sample
was forwarded to Dr. V. Otte and the other half remained with the sample processing.

The individual soil samples were subsequently weighed, in order to, firstly, further quantify
sample size and, secondly, to determine the fresh weight of each sample for the later
measurement of soil moisture (see below). Afterwards, each sample (soil and the remaining
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vegetation, if present) was divided into two portions for the two methods used for extracting
the soil animals from the samples. For the microfauna (Nematoda und Tardigrada) an active
wet extraction modified from Baermann (1917) was used, and for the mesofauna (Collembola
and the various acarological groups) an active dry extraction modified from MacFadyen (1961).
During division of the samples for the two extraction methods, 50 g was used for the Baermann
extraction and the remaining sample for the MacFadyen extraction. If the total weight of the
sample was less than 100 g, the sample was divided into equal portions with one half subjected
to a Baermann extraction and the other half to a MacFadyen extraction. In all cases the weight
of each sample was precisely documented.

Table 3: Time period between sampling in the Antarctic study sites and begin of extraction of the soil animals from the
samples in Gorlitz, Germany.

Locality sampling Samplc-.z.arrival in Begin sarpple Time eIapsgd after
Gorlitz extraction sampling
Devil Island 17 Jan. 2010 28 Jan. 2008 28 Jan. 2010 11 days
Halfmoon Island 19 Jan. 2010 28 Jan. 2008 28 Jan. 2010 9 days
Deception Island 19 Jan. 2010 28 Jan. 2008 28 Jan. 2010 9 days
Petermann Island 20 Jan. 2010 28 Jan. 2008 28 Jan. 2010 8 days
Neko Harbour 21Jan. 2010 28 Jan. 2008 28 Jan. 2010 7 days
Arctowski Station 25 Jan. 2010 09 Jan. 2010 09 Feb. 2010 15 days
Biologenbucht 21 Jan. 2010 09 Feb. 2010 09 Feb. 2010 19 days
Punta Cristian 22 Jan. 2010 09 Feb. 2010 09 Feb.2 010 18 days
Punta Cristian Il 12 Feb. 2010 09 Mar. 2010 09 Mar. 2010 15 days
Whalers Bay 02 Jan. 201 29 Jan. 2011 29 Jan. 2011 27 days
Whalers Bay 07 Feb. 201 16 Jan. 201 16 Feb. 201 9 days
Telefon Bay 02 Jan. 201 29 Jan. 2011 29 Jan. 2011 27 days
Neko Harbour 03 Jan. 201 29 Jan. 2011 29 Jan. 2011 26 days
Neko Harbour 21 Jan. 2011 29 Jan. 2011 29 Jan. 2011 8 days
Neko Harbour 10 Feb. 201 16 Feb. 201 16 Feb. 201 5 days
Halfmoon Island 20 Jan. 201 29 Jan. 2011 29 Jan. 2011 9 days
Ardley Island 15 Jan. 201 29 Jan. 2011 29 Jan. 2011 14 days
Paulet Island 06 Feb. 201 16 Feb. 201 16 Feb. 201 10 days
Hannah Point 07 Feb. 201 16 Feb. 201 16 Feb. 201 9 days

To obtain the best results during extraction of soil animals from soil samples, extraction of the
animals should take place as soon as possible after obtaining the samples in the field, optimally
on the same day or at least within very few days. Due to the long transportation route from the
Antarctic study sites to Gorlitz, Germany, this was not possible in the present case. Therefore
the danger of changes in the faunistic conditions of each sample, e.g., due to mortality,
reproduction, predation etc., was possibly increased. Table 3 lists the time period between
sampling and animal extraction for each sampling event. Despite the long transportation
route, extraction began in most cases - especially in the first study year - relatively soon after
sampling. Exceptions occurred in only three localities, all of which were sampled in January
2011. Since the samples were kept cool during storage on board the ships as well as in the
airplanes, larger changes in these sample are not likely. Nonetheless, the different
transportation times of all samples were documented in order to be able to take these long
storage times into account during interpretation of the results, if necessary.
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The mesofauna (Collembola and Acari) was actively driven from the soil samples in a high-
gradient extractor (dry extractor according to Macfadyen 1961). The individual samples were
placed in the extractor between a heating and cooling chamber and were thereby exposed to a
thermal and moisture gradient. Since soil animals flee in a downward direction from
desiccation and heat (negative xero- and thermotaxis combined with positive geotaxis), they
were actively driven from the soil samples by the slow heating and drying of the samples from
top to bottom. The animals were caught sample specifically in containers partially filled with a
fixation and conservation agent (von Torne mixture: 50% isopropanol with 3% glacial acetic
acid and 0.3% formalin). Each extraction process ended after approximately 13 days at
temperatures of 45 °C (sample upper surface) and 30 °C (sample bottom surface) and total
desiccation of the sample (Fig. 19). After ending the extraction, the collected material of each
sample was transferred to 70% ethanol and stored for three weeks to ensure conservation of
the soil animals.

Fig. 19: Course of the temperature gradient
(compared to surrounding temperatures) to which the
samples were exposed during extraction of the
mesofauna.

For the microfauna (Nematoda and Tardigrada), a modified wet extraction according to
Bearman (1931) was begun the day of arrival of the samples in Gorlitz. For this, each sample
was weighed, placed on a milk filter, which in turn was placed on a sieve at the top of a funnel;
the funnel ended in a transparent rubber tube secured at its end with a hose clamp. The funnel
was then filled with tap water so that lower surface of the soil sample was in contact with the
water. The samples then dried slowly from top to bottom at a constant temperature of 20 °C.
During this procedure, those soil animals which live in the water film in the soil-pore system
(Nematoda, Tardigrada) actively migrated downwards out of the sample (negative xerotaxis
and positive geotaxis), sank downwards and were collected in the tube above the hose clamp.
To prevent predation and therefore a decimation of animals in the collection tube, the
extracted animals were collected daily from the tube and the nematodes and tardigrades
present immediately killed with 60 °C water and subsequently conserved in 0.2%
triethanolamin-formalin solution (TAF) at 4 °C. Each extraction was ended after five days.

After extraction and conservation of the animals, they were separated from remaining soil
(which had dropped into the samples during the extraction process), sorted into the taxonomic
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major groups (Collembola, Actinedida, Oribatida, Gamasina, Nematoda and Tardigrada) under
the stereomicroscope at maximally 50x magnification and a preliminary sample-specific
quantification of these major groups carried out. Processing of the mesofauna and microfauna
extraction samples were not performed in parallel, but rather successively. Since the individual
densities of the microfauna in individual samples was enormous, despite the smaller extracted
sample sizes, the preliminary quantification of the nematodes and tardigrades (in samples with
more than 100 individuals) represented merely a rough estimation. The individuals in the
samples were precisely counted during the taxonomic determination to species level.

After separation and sorting, the individuals of the major animal groups were transferred to
70% ethanol (nematodes remained in 0.2% TAF solution) and stored sample specifically in small
museum collection tubes. For the further taxonomic determination, the Nematoda, Actinedida
and Gamasina remained in the Natural History Museum in GoOrlitz (with Drs. K. Hohberg, D.
Russell and A. Christian), and the samples of the other animal groups were sent to the scientists
of the other project partners (Table 4). As can be seen from the table, processing of the samples
and especially sorting the animals into the major group required approximately five months in
each of the study years.

Table 4: Shipping dates of the extracted and sorted soil animals to the taxonomists of the present

project.
Animal group Taxonomist Date Samples
Oribatida A. Bruckner, Vienna 27 Mai, 2010 Complete
Collembola M. Potoapov, Moscow 24 March, 2010 Sample charge |
04 June, 2010 Sample charge Il
Tardigrada S. Mclnnes, Cambridge 07 July, 2010 Sample charge |
20 Aug., 2010 Sample charge Il
Oribatida A. Bruckner, Vienna 24 Aug., 201 Complete
Collembola M. Potoapov, Moscow 15 Oct., 2011 .picked up personally"
Tardigrada S. McInnes, Cambridge 18 June, 201 Complete

2.2.2 Determination of the soil organisms

For species determination, microscopic slides of specimens of the respective taxonomic major
groups were prepared, often one slide per individual. During the determination of the
Collembola and the oribatidid mites, at times large numbers of individuals of single species
were sampled. In these cases, the individuals were first separated under the stereomicroscope
into morphospecies. The determination of the Collembola and Oribatida otherwise took place
with the temporary mount technique. With this method, animals are transferred individual by
individual into a half open cavity slide, the cavity slide is filled with the liquid embedding fluid
and half covered by a coverslip; the individual specimen can be turned in all directions with a
fine needle and observed under the microscope. Among the Collembola, more than half of the
individuals were thus embedded in Gisin's and Phoera Liquor and determined to species level.
The remaining individuals were quantified and stored in 70% ethanol for future raster electron-
microscopic studies. The determination of endemic Antarctic Collembola followed the
determination keys and taxonomic revisions of Wise (1967), Massoud & Rapoport (1968),
Greenslade (1995) and Deharveng (1981). For Collembola and species not exclusively occurring
in Antarctica, the determination keys of Fjellberg (1998), Pomorski (1998), Potapov (2001),
Thibaud et al. (2004) as well as Dunger & Schlitt (2011) were used.
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A portion of the collected and sorted Oribatida were transferred into lactic acid and warmed
on a heat plate (at approximately 40 °C) for a few days to clear and render them transparent
for the microscopic determination. Determination took place under the microscope at
maximally 600x magnification. The determination of the recorded species followed Hammer
(1958) and Wallwork (1962, 1965). The remaining individuals were quantified species
specifically. For final storage of all individuals of the Oribatida, they were subsequently
transferred to 70% ethanol. Permanent slides were not prepared.

Each individual of the Gamasina was cleared in the glacial acetic acid-glycerin mixture and
subsequently mounted in a permanent slide in a gummi-arabicum mixture and determined to
species level under a differential interference contrast microscope at 400-1000x magnification.
All individuals of the Actinedida were also mounted in permanent slides in a chloral-hydrate
gummi-arabicum mixture. The determination of individuals to species level also took place
under a differential interference contrast microscope at 400-1000x magnification. The
determination followed publications of Strandtmann (1967), Booth (1984), Booth et al. (1985),
Usher & Edwards (1986), Kethley (1990), Kethley & Welbourne (2010) as well as very many
original species descriptions.

The nematodes were pipetted sample specifically in 0.2% TAF solution onto a large coverslip
(mass slide) and counted under a Leica DMI 3000 B inverse microscope at 50x magnification.
Subsequently, 100 individuals per sample were determined to species level under an inverse
microscope with differential interference contrast at 630-1000x magnification. In samples that
contained less than 100 nematodes, all individuals determined. The determination followed
publications of Andrassy (1998, 2008), Bostrém (1995, 1996), Holovachov & Bostrom (2006),
Maslen (1979a), Nedelchev & Peneva (2000, 2007), Peneva et al. (1996), Timm (1971) and
further species descriptions. Reference specimens of the Nematoda species per location were
embedded in glycerin as permanent slides and sealed with paraffin.

Vascular plants (the two only naturally occurring Antarctic vascular plant species Deschampsia
antarctica and Colobanthus quietensis), lichens and bryophytes were determined to species
level wherever possible. For the analyses, however, the mat-forming mosses Sanionia uncinata
and Sanionia georgicouncinata as well as the cushion-forming mosses Andreaea gainii,
Andreaea depressinervis and Andreaea regularis were summnarized to Sanionia spec. and
Andreaea spec., respectively, in cases where more than one species of these genera were
present at a given site. This was done since it is nearly impossible to distinguish the species in
the field and haphazard collection of one or the other species does not necessarily translate to
true differences in species composition of different collection sites. Among the algae, it was
only possible to determine the distinctive and common, often predominant macroalga Prasiola
crispa to species level. Crusts of microalgae, which were occasionally present, were roughly
differentiated into green algae, diatoms and “blue-green algae” (cyanobacteria). Determination
of the collected specimens took place under binocular reflecting and transmitting light
microscopes (Motic ST 39, Leica M 165 C, Leica DM 2500 P). When necessary, sections of the
material were made per hand with razor blades and analyzed microscopically. Lichen
compounds, which are highly relevant for determination, were determined by spot tests with
aqueous solutions of KOH or NaOCl as well as with alcoholic solution of p-phenylene-diamine.
Presence of crystal excretions (in the medulla of Psoroma tenue) were demonstrated by
polarised light microscopy. The determination followed the literature of Bednarek-Ochyra et al.
(2000), Henssen & Renner (1981), Ochyra et al. (2008), Olech (2004) and Q@vstedal & Lewis Smith
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(2001). In doubtful cases, determination results were confirmed by comparison with herbarium
material from the SMNG, which originated especially from the 29" Soviet Antarctic Expedition
to King George Island in 1984/85. Specimens recorded in the current project were separated by
species and were entered together with the necessary documentation in the Herbarium of the
SMNG under the accession number 728.

The vegetation was primarily studied as a biotic habitat factor. For this purpose the parameters
“vegetation cover” and “plant community” were also recorded. Vegetation cover was roughly
estimated in the following categories:

- 0 no vegetation

-1 vegetation covered up to 25 % of the sampling area

- 2 vegetation covered up to 50 % of the sampling area

- 3 vegetation covered up to 100 % of the sampling area

- 4 vegetation covered 100 % of the sampling area without gaps

The estimation of vegetation cover took place directly in the field. The photo documentation of
the “areas” as well as of the “cores” allowed these estimations to be checked and corrected if
necessary by the project botanist, Dr. V. Otte, which also prevented estimation differences
among the different persons undertaking the sampling. On the basis of the relevant literature,
the vegetation units given in Table 5 were discerned.

Table 5:  Plant communities (and their characteristics) identified during the course of the present study in
the sampled areas.

Plant community Characteristics
1 Prasiola-crispa community Ornithocoprophilous (Pereira et al. 2007, Schaefer et al.
2007), in the most fertilised sites (Olech 2004)
1a Deschampsia antarctica - Prasiola Near penquin colonies on gentle slopes of moraines or
crispa community hills, where water runs off with bird faeces (Olech 2004)
1b Algal crusts Not further differentiated; in places and areas where
higher vegetation is absent
2 Bryum pseudotriquetrum formation In flooded areas and within meltwater drainage streams
(Victoria et al. 2009)
2a Bryum pseudotriquetrum - Sanionia - Habitats subjected to flowing water (Ochyra et al. 2008)
association
3 Lepfogium puberulum stands Barren soil substrates of coarser textures in the more

hydric sites (Cannone et al. 2006)

4 Sanionia uncinata formation A number of associations, partly with Deschampsia (next
community); in flooded areas (Antarctic swamp) (Victoria
et al. 2009, Cannone et al. 2006); wet habitats with
impeded drainage (Ochyra et al. 2008)

4a Deschampsia - moss On coastal plains or gentle slopes with a northern
exposure; on gravel and moderately moist soils; in sites
with an influx of organic matter (Olech 2004)

4b Sanionia georgico-uncipata In drier sites on the edges of boggy areas, usually on
gravely substrates, along coasts or in valleys between
glacial moraines (Olech 2004)

4c Brachythecium austrosalebrosum On wet soils and along meltwater streams (Ochyra et al.
association 2008)

5 Short moss torf and cushion The most diverse and disparate moss-dominated
subformation communities, typical for fellfields on drier stone substrata

(Ochyra et al. 2008)
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5a Andreaea community with Ceratodon On scree slopes covered with boulders (Olech 2004)
and lichens, dominance of Ochirolechia
frigida
5b Polytrichastrum alpinum formation, On well drained sites, on rocky substrates (Victoria et al.

with Ochrolechia frigida, Psoroma etc.

2009); tall moss turf on well drained soils and slopes
(Ochyra et al. 2008); near the summits of glacial moraines
(Olech 2004). Epibryoic crustose lichens in the later
stages of succession, or in drier places (Olech 2004)

5¢ Chorisodontium aciphyllum stands Moss turf subformation; on moist, well drained rocky
hillsides, forming tall moss banks up to 5500 years old
(Ochyra et al. 2008)
5d Usnea antarctica - U. aurantiacoatra In well drained sites (Schéfer et al. 2007); drier and more
community and Usnea-Andreaea exposed stands (Cannone et al. 2006), on the summits of
community predominantly younger moraines (Olech 2004)
6 Species-rich tundra with fruticose On sites with particularly advantageous, wind-sheltered
lichens conditions (Olech 2004)

In a rough summary, the first three communities (1-1b) can be characterized as colonizers of
sites with extreme conditions, e.g., which typically show a strong influence of vertebrate
animals (trampling and excrement, e.g., from penguins) or where due to climatic conditions no
other vegetation can develop. In contrast, all other communities colonize “vegetation-friendly”
habitats, whereby the communities 2-4 characterize moist to especially waterlogged sites
(geomorphological depressions or plains, meltwater discharge) and the remaining communities
dryer habitats (knolls, gravelly slopes).

The assignment to specific plant communities was based on vegetation samples collected in the
field additionally to the soil samples, together with the photo documentation of the sampling
sites (cores and areas), which allowed the relative abundances of the species to be estimated. In
particular, the external samplers were urged to provide - besides the “soil cores” - additional
vegetation samples from the “areas” in order to minimise effects of local randomness at the
spatial scale of individual cores, thereby documenting as far as possible the entire botanical
diversity of the sampling areas detectable in the field. Nevertheless, the vegetation data from
the soil cores (from which the soil fauna were obtained) and the additional area samples (from
which no soil animals were collected) were complied separately for the statistical analyses,
since the smaller area of the soil cores could have a higher relevance for the soil fauna (due to
their reduced mobility) than the total botanical character of a specific area, which appears
“homogeneous” only in overview.

2.2.3 Soil analyses

For a detailed characterisation of the sampled soil substrates, the following soil parameters
were assessed for each individual sample (exceptionally combined for a sampling area if too
little substrate was available per sample for an analysis):

- soil temperature

- soil water content (= ,s0il moisture®)

- pH value

- C,yq (= organic carbon; ,mass loss at ignition®)

- particle size distribution (= “soil texture”)
- C/N ratio

The assessment of these parameters is necessary for the evaluation of differences in species
composition, population sizes or distribution of individual species, which can possibly be solely
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due to habitat conditions. First after this influence is known, can the comparability of
anthropogenically influenced and non-influenced sampling areas be ensured and the biological
results evaluated in regard to a possible human impact.

Soil temperatures were measured in the field during sampling with a digital soil thermometer
and documented in the field protocol. Usually one measurement was taken per sample, at the
very least one measurement per area. For the determination of soil moisture, in the laboratory
in Gorlitz after the completed MacFadyen-extraction, each individual sample was dried at
105 °C and the dry weight subsequently determined. The (gravimetric) soil moisture of each
sample was determined from the fresh weight (before extraction of the soil animals: Gew;) and
the dry weight (after extraction of the animals: Gew;) according to the formula:

Soil moisture [% dry weight] = (Gew;-Gew,;*100) | Gew;

After determination of the soil moisture, each partial sample from the Baermann- and
Macfadyen-extraction was frozen and stored at -22 °C for the future soil analyses, since the
remaining soil parameters were analyzed first after the soil animals had been sorted from the
extracted material. Previous to further measurement of abiotic parameters, individual samples
were thawed and subsequently dried again sample-specifically in the drying oven at 105 °C.

pH values were measured according to the specifications of the VDLUFA (1991) as well as DIN
10390. For the measurements, individual samples were passed through a test sieve of 2 mm
mesh size in order to disintegrate any soil aggregates. From the sieved soil, 10 g of each sample
was weighed, transferred to a Falcon Tube and 25 ml of a 0.1 M KCL-solution added. The
samples were subsequently mixed on a shaker machine for one hour. Subsequently, after
sedimentation of the soil substrate, the pH values were measured with a freshly calibrated
laboratory pH-meter and a Hannah glass electrode.

The soil was also passed through a 2-mm test sieve before measurement of the organic carbon
content (C,). Subsequently, 5 g of each sample was weighed into small laboratory porcelain
bowls, dried overnight in the drying oven at 105 °C, after which the exact dry weight (Gewy)
was determined. The individual samples were then placed in a muffle furnace, incinerated for
three hours at 550 *C and subsequently placed in the drying oven overnight at 105 °C to cool.
Afterwards, the dry weight after incineration of each sample (Gew.) was measured. The content
on organic carbon from each sample was determined according to the formula:

Mass loss after incinerations,.c[% dry weight] = (Gew; -Gew;*100) | Gew;

For the determination of the particle size distribution (soil texture), the organic carbon
content (C,,,) was first measured. At C,, contents of more than 2%, the organic material in the
soil of the respective sample was removed by oxidation with concentrated hydrogen peroxide
before analysis of the particle-size distribution. For this, samples were dried as described above
in the drying oven at 105 °C and then passed through a 2 mm test sieve, whereby larger
organic remains (dried moss particles, dry grass etc.) were removed manually. The samples
were subsequently transferred to a 1000 ml beaker, de-ionized water was given until the
sample was thoroughly moistened, and then 20-30 ml concentrated H,O, was added. After
repeated stirring, the samples were left to stand overnight and then placed in a 40 °C water
bath until the H,0, degradation was completed (no further visible production of oxygen
bubbles). The sample was subsequently dried at 105 °C. For the final determination of the
particle size distribution, the total weight of the individual thoroughly dried sample was
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determined and then placed in the uppermost sieve of a sieve-shaker machine. Each individual
sample was passed through a test-sieve cascade of the mesh sizes 20 mm, 6.3 mm, 2 mm, 0.63
mm, 0.2 mm and 0.063 mm for 20 minutes. Subsequently, the masses of the soil material
remaining in each of these sieves (= particle size fraction) was determined and recorded as the
percent of the total weight. For samples containing very little soil substrate (e.g., in the samples
from King George Island with much vegetation), mixed samples of the individual samples of
one area were produced and only one measurement per area was made.

The analyses of the contents of soil carbon and nitrogen were determined spectrometrically
according to DIN 10694 in a Vario Pyro Cube analyzer. For this, the sample was dried and
passed through a 2-mm test sieve as described above and subsequently lightly crushed in a
mortar and pestle in order to disintegrate all aggregates into primary particles (however,
without grinding the primary particles). From each sample 5 g of soil was packaged and sealed
in a tin capsule and placed in the pyrotechnic spectrometer. With the samples taken in the
year 2010, five replicates per individual sample were measured; due to the low variability of
the measurements in this year, only two replicates per individual sample were measured from
the 2011 samples. In this year outliers (defined as measurements that were more than one
standard deviation from the average of all replicates) were discarded and two further replicates
measured. The average value of the individual replicates per sample were taken as the result
for each individual sample in the statistical analyses. The values obtained in these
measurements were subsequently used to determined that C/N ratios of each individual
sample.

2.3 Zoological data analysis

2.3.1 Univariate statistical analyses

The number of species and the number of individuals of each species in each specific sample
represented the raw data, with which all further analyses were performed. For each sample, the
individual density of each species was extrapolated and standardized to individuals per 100
cm® with the formula:

individual densities per 100 cm® = x/n*100

whereby x represents the number of individuals and n the volume of the actual (Baermann or
Macfadyen) extracted sample. The volume of each individual sample was determined from the
volume of the total sample (calculated from the diameter and depth of the sample, which was
documented for each sample in the fieldwork protocol by the person taking the samples) and
the portion of the sample (in percent dry weight) used for the particular extraction method.
Extrapolation of the individual densities of each species in each sample was necessary in order
to standardize the differently sized samples as well as the different sample portions used in the
two extraction methods and thus to guarantee the data comparability of all samples as well as
all animal groups. Individuals per volume is an unusual unit in modern soil zoology (normally
densities are given in individuals per m?); however, a unit based on volume had to be chosen,
since the different sizes of the samples taken in the field (both concerning diameter as well as
depth) did not allow a standardization based on surface area.

For the specific animal groups, the individual densities of the respective species were summed
to obtain the total densities of the respective group. To obtain total values for the microfauna
and mesofauna, the densities of the respective animal groups were added together as well.
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Arithmetic averages of the densities of each species as well as each animal group were
calculated for each sampling plot (= “area”) as well as each locality from the specific samples of
the respective area or location.

To determine whether significant differences in densities or species richness existed between
localities as well as between anthropogenically influenced and non-influenced areas, the
respective data (“total densities” or “species number per sample”) were submitted to a non-
parametric variance analysis (ANOVA): a modified Friedmann test for multiple observations
(= samples) per cell (= area or locality) (Zar 1999). This variance analysis is based on ranked data
(instead of absolute values) per plot (or locality) as well as on the x2- rather than the F-
distribution and can easily handled unbalance sampling designs. First, the variance analyses
were performed with the main factor “locality” (combining the influenced and non-influenced
areas of the respective locality), in order to determine whether significant differences existed
between the densities or species richnesses of the individual localities. A Tukey-like post-hoc test
for this non-parametric ANOVA subsequently tested for significant differences between
individual localities. For those localities that were sampled in both study years, the data were
also submitted to the variance analysis with the main factor “year” in order to test for possible
differences between the two study years. For the major part of these analyses, the main factor
“area” was tested for the sum of all study sites (localities), with which the statistical significance
of possible differences between anthropogenically influenced and non-influenced areas was
tested. Since preliminary analyses showed large differences between the study years, the data
from 2010 and 2011 were first analyzed separately and then subsequently together. For all of
the variance analyses mentioned here, the sum parameters (total densities, species numbers) of
each animal group, of the animal groups combined into microfauna and mesofauna as well as
of the total fauna were evaluated, provided sufficient individuals in enough samples were
present for a variance analysis.

To determine whether significant relationships existed between the soil animal species and
habitat parameters, the zoological data were submitted sample specifically to a Spearmann
correlation analysis (with the software Statistika V 10) together with all abiotic soil data as well
as the botanical date (species number per sample, the vegetational cover in percent). The
individual densities of each species per sample represented the zoological data basis - provided
sufficient individuals of a species were present in many samples; the total densities and species
numbers (as a measure of species richness) of the taxonomical major groups were also
evaluated. From the resulting correlation data matrix, only highly significant correlations (P <
0.001) were retained.

Since background habitat parameters (such as soil moisture, soil temperature, content of
organic material etc.) can also influence the occurrence of single species as well as total species
communities, differences in the influence of these factors can possibly mask anthropogenic
impacts on the faunistic species communities. For this reason, co-variance analyses (ANCOVA)
were carried out, with which the fraction of the total data variance caused by these individual
habitat factors (= “co-variables”) can be filtered out. For this, a two-way variance analysis was
performed with the total densities and species richness of each animal group as well as with
densities of each individual species and the two categorical factors “treatment” and
“vegetational cover”. As covariates, every soil parameter as well as sampling date and the
geographical coordinates of the respective study site (the latter two variables as proxies for the
factor “locality”) were used. The abiotic soil factors were submitted to a Cox transformation and
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the zoological data to log(x+1)-transformation previous to the ANCOVAs. Especially for the
analyses of the total densities as well as the species richnesses of the major taxonomic groups,
at first all covariables were included in the calculations, and subsequently all covariables that
only insignificantly accounted for the zoological data variability were removed for the final
analysis. Not all preconditions for this parametric statistical procedure were met, e.g. normal
distribution of the data (despite data transformation), equal variances of the individual factors
(homoscedasticity) or a linear relationship between the covariables. This can lead to erroneous
results, which however usually concern Type-II (= B) errors. This means that true differences
may not be recognized as a statistically significant result. On the other hand, if this procedure
recognizes results as being statistically significant, then these do indeed reflect true differences
(in this case between “treatments”, “degree of vegetational cover” or interactions between these
two factors). Non-significant results cannot be interpreted as meaning that no differences exist
between the tested factors, but only that - due to the data quality - they could not be
recognized.

2.3.2 Multivariate statistical analyses

Previous to these analyses, the raw abundance data of the investigated animal groups (number
of individuals * 100 cm®, soil cores of each area averaged) were also logarithmically
transformed (x;' = log(x; + 1), with x; = raw data) to order to reduce the influence of very
dominant species on the statistical results. The Bray-Curtis Index was used as a measure of
similarity among the assemblages, since this index is “usual” for this type of analysis due to its
favorable statistical properties (Clarke & Warwick 2001).

The similarities of the studied animal communities were characterized with NMDS (Non Metric
Multidimensional Scaling, Clarke & Warwick 2001) to detect influences of the tested factors
“locality” and “treatment” (tourist influence yes/no) on community structure. NMDS is a very
robust ordination procedure that represents the ranked similarity among objects (here: animal
communities) in low-dimensional space. The resulting 2D- or 3D-plots can be interpreted
analogous to a geographic map: similar animal assemblages are plotted in close distance to
each other and vice versa. NMDS is an unconstrained (free) ordination procedure, meaning that
the total data variability is analyzed and represented (as opposed to CAP, see below).

The PERMANOVA routine was used to formally test whether the factors “locality” and
“treatment” significantly influenced community similarities (Anderson et al. 2008). In analogy
to an analysis of variance (ANOVA), the routine permutes community similarity matrices to
partition total data variability and calculate significance values for each term in the statistical
model (Anderson et al. 2008). In this manner, it is possible to avoid many of the problems
classical multivariate procedures (e.g., MANOVA) have with abundance data of biological
assemblages, due to non-normal frequency distributions with positive skew, and an
overabundance of zero and extreme counts. A type III (partial) model was used with locality as
a random and treatment as a fixed factor. We permuted model residuals 999 times.

An important assumption to validly interpret the PERMANOVA output is the absence of
significant differences in multivariate dispersion among groups. This is analogous to the
homoscedasticity criterion of an ANOVA; in a NMDS plot, such differences can be seen in
differently spread clusters of localities. Multivariate homogeneity of the data sets was tested for
with the PERMDISP routine (Anderson et al. 2008). In essence, this procedure compares the
distances of individual localities to the centers of their respective cluster (the group centroids)
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and calculates an F-statistic. If the statistic is significant, the PERMANOVA significance values
must be interpreted carefully, since they are not statistically reliable. To run PERMDISP, 999
permutations were used.

To isolate the influence of treatment while holding all other factors constant, CAP (Canonical
Analysis of Principal Coordinates, Anderson et al. 2008) was used. CAP is a guided
(constrained) ordination procedure, which "focuses" on the influence of only one selected
factor; note the contrast to NMDS, which aims at capturing total variability. CAP is thus a
robust permutative analogon to a discriminance analysis: even subtle effects of a factor may be
revealed which may be masked by the "noise" of other factors in a NMDS. A cross validation
was used check the success of the CAP procedure in correctly identifying groups of objects
(here: groups of localities deferring with respect to treatment). CAP models were run with all
localities except one (multiple runs with each locality excluded in turn) and the performance of
the models in correctly classifying the excluded localities (“leave one out allocation of
observations”) subsequently calculated. At the best, 100% of all localities are correctly classified.
Additionally, a trace statistic was calculated to test for significant effects of the factor under
consideration. CAP was run with 999 permutations.

The PERMDISP procedure described above was also used to test for significant differences in the
B-diversity among animal assemblages. For this, the presence/absence data and the Jaccard
Index (percentage of species restricted to only one assemblage) were used and tested for the
factor “treatment” (= anthropogenic influence). As a substantial influence of the factor “locality”
was evident from the proceeding analyses, the PERMDISP procedure was run individually for
each locality and over all investigated animal groups. All multivariate calculations described
here were conducted with the software PRIMER 6.1.12 and the PERMANOVA+ 1.0.2 add-on
(PRIMER-E Ltd, Plymouth, UK).

2.4 Assessment of the efficiency of the bootwashing procedure used aboard
the MS Hanseatic

On the various land excursion sites of the MS Hanseatic (Tour 1102 in the year 2011),
approximately 100 persons (passengers, expedition team and ship crew) went ashore. The
passengers received high-quality rubber boots (with a strong sole profile) from Hapag-Lloyd for
the land excursions. Both before leaving the ship as well as upon returning, each “land visitor”
had to walk through a pan with a disinfectant agent (Fig. 20, left). Members of the ship crew
monitored this prevention measure and ensure that it was always abided by. Two “changing
cabins” on opposite sides of the ship on the same deck served the passengers as an area to
change their footwear as well as storing their rubber boots etc. An apparatus for automatically
cleaning and disinfecting the boots was present in one of the cabins (“bootwashing machine”;
Fig. 20, middle). Both cabins contained many hand brushes (with a water connection) for
manual cleaning of the rubber boots (Fig. 20, right). The use of this cleaning equipment as well
as the cleansing of the footwear by the passengers was not monitored by the ship's crew.
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Fig. 20: Biosecurity and cleaning measures on board the MS Hanseatic to prevent transfer of
biological material between (Sub-)Antarctic localities. Left: Disinfection pan; middle: bootwashing
equipment; right: hand brush with water connection.

The investigations described here aimed at assessing the efficiency of the cleaning measures
and thus the potential of transferring soil organisms from location to location, e.g. via the
rubber boots used during landings. For this, after different land excursions and after use of the
cleaning measures by the passengers, the rubber boots were carefully washed again on board
the ship (“control cleansing”), the wash water collected and retained for examination of the
possibly present soil organisms. It was originally planned to carry out the control cleansing
after three land excursions (a Subantarctic island as well as a northern and southern excursion
site on the Antarctic Peninsula). In the end, the assessment took place on 1 February, 2011 after
visiting Salisbury Plain (South Georgia, Subantarctica) as well as on 7 February, 2011 after the
excursion on Deception Island (South Shetland Islands, northern Maritime Antarctica). The
originally planned third assessment could not be carried out, since the cruise ship could not
anchor at the targeted locality due to the prevailing pack-ice conditions and the remaining
travel time after later excursions was insufficient for the necessary sample processing (see the
following).

After the land excursions, a random sample of the passengers’ rubber boots (10 pairs for each
assessment, corresponding to approximately 10% of the boots used during the exclusions) was
chosen for the control cleansing. The soles and lower sides of the rubber boots were carefully
washed with tap water over a large funnel (55 cm diameter). The wash water (about 300 ml
each) was collected and retained in glass beakers, one for each pair of boots. The control
cleansing was begun with an airbrush device modified as a type of “mini-high-pressure
cleaner”. However, in contrast to preliminary tests carried out in Germany before traveling to
Antarctica, the pressure produced by this device was not sufficient to clean the deep profiles of
the rubber boots, so that in the end the boots were cleaned with a common laboratory squeeze
wash bottle.

After being washed out of soils, it is known that soil organisms remained suspended in the
liquid used for long periods of time, which would severely hamper the further processing of the
samples without further treatment (especially reduction of the volume of wash water).
Therefore, the wash water was transferred sample specifically to Baermann funnels (fixed at the
narrow end with rubber tubes closed with hose-clamps) directly after the control cleansing, so
that possibly occurring soil organisms could settle into the lower areas of the rubber tubes (Fig.
21, left). Before traveling to Antarctica, this procedure was tested in the laboratory (in Gorlitz,
Germany) to determine the time necessary for and efficiency of soil organisms settling into the
rubber tubes. For this test, Baermann funnels were filled with ca. 400 ml tapwater and about
100 individuals of different nematodes species in the funnel fixed on a mechanical shaker (Fig.
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21, right). The shaker was subsequently set that the lowest rolling shake setting to simulate ship
movement at sea. After 24 hours more than 50% of the added large nematodes species could
be found in the lower rubber tube areas, while smaller species remained in suspension.

During the investigations on board the ship, the wash water remained in the Baermann funnels
for 4-5 days to allow suspended particles and organisms to settle. During this time the rotating
oscillations of the liquid in the funnels caused by the ship's movement were considerably less
than in the preliminary tests in the laboratory. Furthermore, the particles suspended in the
water samples settled almost completely during this time period, so that a sufficient collection
of possibly occurring organisms appeared to be sufficiently ensured.

Subsequently, approximately 25 ml of the wash water containing sedimented material were
collected sample specifically in small plastic museum-collection jars, to which ca. 25 ml 96%
ethanol were added to each sample, the jars tightly sealed and transported to Gorlitz, Germany.
There, each sample was carefully inspected under the stereomicroscope at maximally 60x
magnification and organisms present in the samples recorded and identified to group level.

Fig. 21: Left: Travel-Baermann equipment used for collecting suspended soil
organisms in efficiency-test samples. Right: Equipment used during the preliminary
tests.
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3. Results

3.1 Abiotic soil parameters

The purpose of the soil analyses was to assure that the different treatment plots (human
influenced and non-influenced areas) were comparable in regard to background habitat factors
that could also influence the studied soil organisms. Thus the statistical analyses of the
measured soil parameters were only performed individually within the single localities.

Soil temperatures measured during sampling expectedly revealed cool substrates.
Temperatures were almost always under 10°C, often below 5°C (Fig. 22). Although expected, no
north-south gradient among the soil temperatures was observed. The highest temperatures
were denerally measured at Deception Island. In only a few localities could statistically
significant differences between treatments be determined, which overall showed no relation to
either influenced or non-influenced areas. These significant differences usually related to
absolute differences of around or less than 1°C, which cannot be considered to be biologically
relevant for the studied soil organisms. An exception concerned the treatment plots at Whalers
Bay (Deception Island) in 2011, where an absolute average difference of 2.5°C was recorded.
Although also only limitedly biologically relevant, these differences were due to the high
temperature variability among the individual plots, which in this year were at times spatially
widely separated.

2010 2011
14 14
12 5
10

o N M O ®

Fig. 22: Soil temperatures measured during the fieldwork in the years 2010 and
2011 in the anthropogenically influenced (blue) and non-influenced (red) areas. Values
in °C. Statistical comparisons were only performed between the two area types within
the respecitive locality (i.e., not overall). *: P < 0,05; **: P < 0,01; ***: P < 0,001; (*): 0,07 >
P> 0,05.

Soil moistures ranged between 10% and 40% and showed a general north-south gradient of
decreasing moistures (Fig. 23). Significant differences between the moistures of the influenced
and non-influenced plots could be determined in some localities. However, the absolute
differences were almost always within a range of 5%, which again cannot be considered to be
biologically relevant. An exception concerned the plots on Halfmoon Island in 2010, where
non-influenced plots were on average almost 20% moister, which could influence soil
organisms.
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Fig. 23: Average soil moistures of the samples taken in the anthropogenically

influenced (blue) and non-influenced (red) areas at the time of sampling in 2010 and 2011.
Values in % wet weight. Statistical comparisons as in Fig. 22.

The pH levels of the sampled soils range between pH 3.5 and pH 7 (Fig. 24). A north-south
gradient of increasing pH was discernible. Especially in the year 2010, many significant
differences between treatments within a locality could be observed, which overall also showed
no relation to human influence. The absolute differences were again not large (usually within
one pH level and never changing the level of acidity of the studied soils), so that again
significant differences generally should not translate into a varying influence on the soil
organisms.

2010 2011

No soil, only vegetation

Fig. 24: Average pH values of the samples taken in the anthropogenically
influenced (blue) and non-influenced (red) areas at the time of sampling in 2010 and
2011. Statistical comparisons as in Fig. 22.

The sampled soils were generally low in organic matter, ranging from 1% to ca. 10% and
rarely higher (Fig. 25). An exception represented the soils from Paulet Island, which showed
unusually high contents of organic matter (between 15% and > 20%), most likely due to the
high input of penguin excrement. In general a north-south gradient of decreasing contents of
organic matter could be observed, again with the exception of Paulet Island. Significant
average differences between treatments were mostly observed in 2011, which - regarding
absolutes values - were again small and most likely represented no differential biological
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influence. Here an exception were the soils from Halfmoon Island in 2010, where the non-
influenced areas were much richer in organic matter.

2010 2011

No soil, only vegetation

Fig. 25: 2Average contents of soil organic matter of the samples taken in the
anthropogenically influenced (blue) and non-influenced (red) areas at the time of
sampling in 2010 and 2011. Values in % dry weight (= mass loss at ignition at 550 °C).
Statistical comparisons as in Fig. 22.

The contents of carbon and nitrogen reflected the generally nutrient poor status of the soils,
with s0il-C generally ranging between <1% and ca. 6% and soil-N usually being under 0.5% (Fig.
26, top and middle). Exceptions here were again Paulet Island in 2011 as well as Halfmoon
Island in 2010, which showed higher nutrient contents. Significant differences were recorded
in both years in individual locations, with higher nutrient contents usually in non-influenced
areas. Absolute differences were, however, once again relatively low and therefore also
biologically not relevant. However, the absolute nutrient level differences in the non-influenced
areas in Paulet Island and Halfmoon Island were larger than in the influenced areas. The C/N-
ratios reflected primarily the low levels of soil carbon and ranged between values of 4 and ca.
10, which can all be considered as reflecting high qualities of organic material (Fig. 26,
bottom). The measured levels were generally lower in 2011 than 2010. A north-south gradient
of decreasing C/N-ratios could be observed, most likely reflecting decreasing C- contents.
Significant differences between influenced and non-influenced areas were rarely discerned;
when differences were significant they were again at low absolute levels and thus also not
considered to be biologically relevant.
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Fig. 26: Average values of various parameters of the soil organic matter in the

samples taken in the anthropogenically influenced (blue) and non-influenced (red) areas
at the time of sampling in 2010 and 2011. Statistical comparisons as in Fig. 22.

The soil textures of all sites were generally sandy and gravelly. Only rarely could differences in
the clay/silt content of the soils (which could influence especially the microfauna) be recorded
between treatments, and these were again all at low absolute levels. Although statistically
significant differences of certain particle sizes could be ascertained between treatments (Fig.
27), more important differences would be between gravel or sand in total. These total
differences were rarely above 10%, which also cannot be considered to cause a large
differential impact on soil organisms. An exception could possibly be the soils of Halfmoon
Island, where those of the non-influenced areas were generally sandier compared to the more
gravelly soils of influenced areas.
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Fig. 27: Average particle size distributions (soil texture) of the samples taken in the
anthropogenically influenced (“A”) and non-influenced (“B”) areas at the time of sampling
in 2010 and 2011. Statistical comparisons as in Fig. 22.
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3.2 Vegetation

The current project primarily concerns soil animals. Since the heterotrophic fauna is dependent
on the autotrophic biomass production, the vegetation of the study sites was also recorded. The
- mainly cryptogamic — vegetation was therefore primarily of interest as a biotic habitat factor
of the fauna. From the point of view of habitat function, the parameters “degree of
vegetational cover” and occurring “plant community” were also documented. Vegetational
cover is potentially relevant not only for above-ground biomass (production), but also for a
possibly tempering influence of the vegetation on the microclimate, both of which may
influence the zoocoenoses. The plant community can be considered to be an integrative long-
term indicator of the sum of the local ecological site conditions. Different plant communities
indicate with a high probability differing ecological site conditions.

Vegetation (apart from occasionally documented microscopic soil algae) was found in a total of
eight of the 13 localities (in 11 of the 18 sampling events). No vegetation was present in the
study areas on Devil Island, Petermann Island, Telefon Bay, Whalers Bay (in the year 2011) and
Neko Harbour; slight, non-determinable green growth was present in Whalers Bay (single areas
in the year 2011) according to the photographic documentation. In two cases (Paulet Island,
Halfmoon Island in 2011), pure stands of the thallophytic green alga Prasiola crispa were
present. Higher vegetation (bryophytes/lichens/vascular plants) was only found in seven
localities (at 9 sampling events). Of these 9 sampling events, only insufficient additional
vegetation samples were collected at five sampling events (i.e., single moss cushions without
any documentation from Halfmoon Island 2010 and Whalers Bay 2010; no or incomplete
samples from the “areas” in Arktowski Station and Ardley Island), so that conclusions
concerning anthropogenic influences on botanic diversity are very problematic at these
localities. Also from the Biologenbucht, the botanical “area” (= additional) samples were not
complete. Likewise, no “area” samples were available from Hannah Point; nonetheless, based
on the photo-documentation, the plant association in this case truly appears to consist only of
the two species recorded with the soil samples (see below). Therefore, if Biologenbucht and
Hannah Point are included, four localities may be considered to be sufficiently documented
botanically. All are situated on King George Island.

The recorded vegetation consisted primarily of cryptogamous species. Altogether, two species
of vascular plants, 24 lichen species, 19 mosses, 3 liverworts and one macroalga were recorded.
All of these species were found on the South Shetland Islands (King George Island, Ardley
Island), very few also on Halfmoon Island and in Whalers Bay (Deception Island). All species
were previously known from the South Shetland Islands. The detailed results are given in
Appendix 2.

The species recorded in the current project are given in their systematic position in the
following:
Tracheophyta (Vascular Plants)

Colobanthus quietensis (Kunth) Bartl.
Deschampsia antarctica E.Desv.
Bryophyta (Mosses)

Andreaea depressinervis Cardot
Andreaea gainii Cardot
Andreaea regularis Mill. Hal.
Bartramia patens Brid.
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Brachythecium austrosalebrosum (Miill.Hal.) Kindb.
Bryum pseudotriquetrum (Hedw.) P.Gaertn. et al.
Ceratodon purpureus (Hedw.) Brid.

Chorisodontium aciphyllum (Hook.f. & Wilson) Broth.
Didymodon brachyphyllus (Sull.) R.H.Zander
Ditrichum ditrichoideum (Cardot) Ochyra
Polytrichum alpinum Hedw.

Polytrichum juniperinum Hedw.

Sanionia georgicouncinata (Miull.Hal.) Ochyra & Hedends
Sanionia uncinata (Hedw.) Loeske

Syntrichia filaris (Mill.Hal.) R.H.Zander

Syntrichia magellanica (Mont.) R.H.Zander

Syntrichia saxicola (Cardot) R.H.Zander

Warnstorfia fontinaliopsis (Miill. Hal.) Ochyra
Warnstorfia sarmentosa (Wahlenb.) Hedenés

Marchantiophyta (Liverworts)

Barbilophozia hatcheri (A. Evans) Loeske
Cephaloziella varians (Gottsche) Steph.
Lophozia excisa (Dicks.) Dumort.

Lichenes (Lichens)
Bacidia tuberculata Darb.
Cladonia gracilis (L.) Willd.
Cladonia pyxidata (L.) Hoffm.
Cladonia sarmentosa (Hook. f. & Taylor) C. W. Dodge
Cystocoleus ebeneus (Dillwyn) Thwaites
Himantormia lugubris (Hue) .LM.Lamb
Lecanora polytropa (Ehrh. ex Hoffm.) Rabenh.
Lepraria cacuminum (A.Massal.) Lohtander
Lepraria straminea Vain.
Leptogium puberulum Hue
Massalongia carnosa (Dicks.) Korb.
Massalongia intricata Qvstedal
Ochrolechia frigia (Sw.) Lynge
Pannaria caespitosa P.M.]erg.
Placopsis contortuplicata I.M.Lamb
Placopsis parellina (Nyl.) LM.Lamb
Psoroma hypnorum (Vahl) Grey
Psoroma tenue Henssen
Rhizocarpon geographicum (L.) DC.
Rinodina olivaceobrunnea C.W.Dodge & G.E.Baker
Sphaerophorus globosus (Huds.) Vain.
Stereocaulon alpinum Laurer
Usnea antarctica Du Rietz
Usnea aurantiacoatra (Jacq.) Bory

Algae
Prasiola crispa (Lightfoot) Kiitzing

The two recorded vascular plants represent the only two species occurring naturally in
Antarctica, while among the lichens and bryophytes (cryptogams) only a very low proportion of
the species known from Antarctica or the specific studied localities were determined. The
Antarctic cryptogamic flora is comparatively species-rich, with 380 lichen taxa known from all
of Antarctica (Qvstedal & Lewis Smith 2001) and 252 species from King George Island alone
(Olech 2004) or 174 species from the Fildes Peninsula (Peter et al. 2008). Thus, the present study
could record barely 10% of the lichen species already known from King George Island. Ochyra
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et al. (2008) mention 113 moss taxa occurring in Antarctica, 87 of which in the South Shetland
Islands (and 40 from the Fildes Peninsula: Peter et al. 2008). Less than a quarter of the moss
species known from the South Shetland Islands were thus documented in the present study. Of
the 27 liverwort species occurring in Antarctica and 18 in the South Shetland Islands (Bednarek-
Ochyra et al. 2000), only 1/9 of the Antarctic and 1/6 of the species from South Shetland Island
were found in this study. On the one hand, this low proportion is due to the fact that many
cryptogamic species are inhabitants of saxicolous (= rock) habitats, which were not investigated
in this study. Therefore, especially in the more strongly touristically frequented locations, a
large portion of the actual touristic influence on the vegetation was potentially not recognized
in the present study. On the other hand, the individual density of many occurring species is
very low and, therefore, also the probability of their detection when not specifically searched
for.

In contrast to the soil samples, where highly comparable samples of defined soil volume were
obtained according to a specific sampling scheme, the comparability of the botanical samples
collected by different persons — and under time pressure - is not guaranteed. The botanical
collections were furthermore incomplete in the majority of cases. The soil samples, which were
collected according to scheme optimised for the detection of the soil fauna, are severely
affected by chance regarding the documentation of botanical diversity and, in most cases,
apparently only reflect the botanic diversity of the study plots (areas) to a limited degree. This is
