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Introduction

DEFINITION OF AREA COVERED BY THIS BOOK

The Antarctic terrestrial and freshwater biome examined here includes the main
continental landmass, the maritime Antarctic including the Antarctic Peninsula and
associated islands and archipelagos (South Shetland, South Orkney, South Sandwich
Islands, Bouvetaya) and the subantarctic islands which lie on or about the Antarctic
Polar Frontal Zone (PFZ), an oceanic and climate boundary where the Antarctic
Circumpolar Current (ACC) meets warmer waters. These geographic regions are
also meaningful biogeographical regions (see discussions in Skottsberg 1904,
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Pickard and Seppelt 1984, Smith 1984, Longton 1988, Chown and Convey this
volume, and see Fig. 1 in Huiskes et al. this volume), if still under refinement (Peat
et al. in press) and provide useful platforms for the discussions below. The purpose
of this chapter is to briefly review the environmental factors, both past and present,
that are or have been evolutionary forcing variables influencing the development of
the present-day biological diversity of Antarctica.

THE FORMATION OF THE ANTARCTIC CONTINENT

A sensible place to begin an examination of the influence of the physical
environment on past biodiversity is some 100 million years ago (MA) when
Antarctica was part of the supercontinent Gondwana and the subantarctic islands
were non existent. During the early Cenozoic (>100-60MA), Gondwana began to
fragment and the first major oceanic barriers to the movement of terrestrial species
were formed (McLoughlin 2001). Antarctica, one of the elements of the former
Gondwana supercontinent, drifted over the southern polar region. The continent’s
high latitude location, inevitably linked with seasonal periods of complete darkness,
did not immediately lead to massive extinction of terrestrial fauna and flora, which
remained typical of south—temperate rainforest regions for a long period
subsequently (Feldmann and Woodburne 1988, Clarke and Crame 1989, Poole and
Cantrill 2001, Francis and Poole 2002). Even after the commencement of ice sheet
formation, the Antarctic experienced periods when this biota could show local
expansion, until as recently as 8-10MA.

In the early Miocene, Antarctica finally became fully isolated from the
Gondwana supercontinent with the full opening and deepening of the Drake Passage
(28-23MA) and the separation of the Tasman Rise from Antarctica (33.5MA)
(Livermore et al. 2005, Scher and Martin 2006). These tectonic processes resulted
not only in the elimination of the last land-bridge connections with lower and more
temperate latitudes but also in the onset of the deep-water circulation around the
Antarctic continent of the Antarctic Circumpolar Current (ACC). The ACC
eventually resulted in the isolation of a cool body of water (the Southern Ocean) and
the establishment of the Polar Frontal Zone (PFZ). This PFZ further isolated
Antarctica, its outlying archipelagos and the Southern Ocean from other continents
and oceans, climatically, thermally and oceanographically and set the stage for the
development of distinct Antarctic biological communities adapted for survival in the
southern polar region (Barnes et al. 20006).

These movements of the Antarctic continental plate were associated with many
periods of volcanism. The plate is encircled by divergent plate boundaries along
roughly 95% of its perimeter and is broken internally by numerous rift-structures
suggesting a plate-wide extensional tectonic regime. Within this environment, the
Antarctic Plate evolved into one of the great alkaline volcanic provinces of the
world (LeMasurier and Thompson 1990). Volcanism has been and continues to be
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involved in the formation of the many of the subantarctic and Antarctic islands.
Some of these consist of volcanic rocks overlying continental basement rocks, such
as the convergent plate margin volcanoes of the South Sandwich Islands. Iles
Kerguelen and the Heard and McDonald Islands which, although they specifically
have lacustrine bases, are part of the mostly underwater Kerguelen Plateau, which
contains Gondwana fragments overlain by more recent volcanic rocks (Gladczenko
and Coffin 2001). Marion and Prince Edward Islands and Iles Crozet are shield
volcanoes, erupting 0.11-0.21MA and 0.2-9MA (LeMasurier and Thomson 1990).

South Georgia however, contains continental elements whilst Macquarie Island
is the aerial portion of a ophiolite complex, a piece of largely intact seafloor at the
junction of the Australasian and Pacific tectonic plates, emerging from the sea
approximately 0.6MA (Adamson et al. 1995). The Antipodes, Auckland and
Campbell Islands lie on the Campbell Plateau, underlain by continental crust that
was part of Antarctica in pre-Cenozoic time (McLoughlin 2001).

The majority of subantarctic and Antarctic islands are substantially younger than
the Antarctic continent with the oldest, Iles Kerguelen, only 39MA. There are at
least 16 Antarctic and subantarctic volcanoes that are known to be active (including
subantarctic Heard Island, most of the maritime Antarctic South Sandwich Islands,
Deception Island and Bouveteya, and Mounts Erebus, Melbourne and Rittman in
continental Antarctic Victoria Land) and a further 32 suspected of Holocene activity
(LeMasurier and Thompson 1990, Convey et al. 2000a, Fitch et al. 2001, Anon
2005).

The continental ice sheet

The Earth was in a state of extreme global warmth from the Cretaceous (144-65MA)
to the early Eocene (c. 55MA). However, by the middle to late Eocene (42MA),
there were a series of several small glaciations and one major transient glaciation of
the Antarctic continent. These abrupt climate reversals were possibly associated
with the first opening of the Drake Passage at 41MA (Scher and Martin 2006).
Studies of the oxygen isotope composition of marine calcite suggest that the
greenhouse to icehouse transition was closely coupled to the evolution of
atmospheric carbon dioxide, and that negative carbon cycle feedbacks may have
initially prevented the permanent establishment of large ice sheets (Tripati et al.
2005). However, by 34MA, at the Eocene-Oligocene transition, large ice sheets
appeared on the Antarctic continent, evidenced by decreasing atmospheric carbon
dioxide concentrations and a deepening of the calcite compensation depth in the
world's oceans, coinciding with changes in seawater oxygen isotope ratios
(glaciation in the Northern Hemisphere began much later, between 10 and 6MA).
There are two theories why the ice sheet formed at this time. The first, involves the
separation of Antarctica from the Australian and South American continents and the
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opening of the ocean gateways that allowed the establishment of the east to west
flow of the circumpolar currents in the Southern Ocean (Kennett 1977). This led to
the thermal isolation of the continent, cooling and the formation of sea ice and the
continental ice sheet. The second theory puts more emphasis on the role of global
atmospheric CO,, orbital forcing and ice-climate feedbacks, with the opening of the

Southern Ocean gateways playing a secondary role (DeConto and Pollard 2003).
The rapid decrease in CO, at about 34MA brought with it a decrease in temperature

sufficient for viable snow and ice to remain present throughout the year. After
I5MA, a further cooling is believed to have caused the transition from an ephemeral
to a permanent Antarctic ice sheet (Barret 2003). However, since its formation, this
ice sheet has been far from stable and over time has exerted strong physical controls
on where biological communities have survived and hence underpins many of the
biogeographical patterns seen today.

During the most recent geological period, the Quaternary, that spans
approximately the last 2MA, the polar ice sheets developed their characteristic cycle
of slow build up to full glacial conditions, followed by rapid ice melting and
deglaciation to interglacial conditions (Williams et al. 1998). These frequent
changes in the configuration of the ice sheets have been driven by the cyclical
changes in the Earth’s orbital path around the sun (Milankovitch cycles). The most
influential of these are the 41kyr (thousand years) obliquity cycle and the 100kyr
eccentricity cycle (Williams et al. 1998). The continuous cycles of expansion and
contraction of the east and west Antarctic ice sheets has resulted in the regular
displacement of the terrestrial and freshwater environments suitable for survival or
successful colonisation and establishment of biota.

What is most remarkable about the Quaternary history of Antarctica is that the
periods of greatest habitat availability, the interglacials, have been relatively short-
lived and unusual. The ice core record from Dome C shows that, in the period from
for 430-740kyr BP when climate variability was dominated by the 41kyr obliquity
cycle, the Antarctic has been c. 50% in the interglacial phase, although these were
weaker interglacials than experienced at present. However, in the last 430kyr BP,
when climate variability has been dominated by the 100kyr Milankovitch
eccentricity cycle, the Antarctic has been c. 90% in the glacial phase (EPICA 2004)
and some cold periods have been sustained for more than 60kyr (eg 140-200kyr:
Jouzel et al. 1993). Thus, with only c. 10% of the late Quaternary being in full
interglacial conditions, for most of this time displacement and retreat of the
Antarctic biota, either to refugia or possibly to lower latitudes, appears to be the
norm. However, there are some examples of parts of some Antarctic oases
remaining ice free through the Last Glacial Maximum (LGM) (18-22kyr) based on
evidence contained in lake sediments and other terrestrial deposits (Hodgson et al.
2001, Hodgson et al. 2005, Cromer et al. in press) and some areas such as the Prince
Charles mountains have been ice-free for possibly millions of years (Fink et al.
2000). Similarly, some nunataks, which remained above the altitudinal limit of the
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LGM ice sheet, contain evidence of a refuge fauna (Marshall and Pugh 1996,
Marshall and Coetzee 2000, Convey and Mclnnes 2005) that may have subsequently
been available to recolonise surrounding areas after the ice retreated and suitable
habitats became available.

Despite these refugia, a result of the glaciological history of Antarctica is that the
majority of the continental high-latitude habitats are likely to have formed in the
present, Holocene, interglacial whilst the maritime Antarctic and some warmer
subantarctic islands are likely to have had longer periods of exposure, at least in
some areas. For example, the consistently low elevation of Macquarie Island, since
its emergence 600 000 years ago has meant that glaciation has played a minor role in
shaping the island’s landscape (Selkirk ez al. 1990, Adamson et al. 1995). However,
along the Antarctic Peninsula and associated archipelagos, and the linked Scotia arc
subantarctic island of South Georgia, there remains an apparent contradiction
between ice sheet and glaciological reconstructions at LGM, which require
considerable expansion in ice depth and extent (the latter to the continental shelf
edge) with implicit obliteration of all low altitude terrestrial habitats, and increasing
biological evidence in support of an ancient and vicariant indigenous terrestrial biota
(Clapperton and Sugden 1982, 1988, Larter and Vanneste 1995, O Cofaigh et al.
2002, Convey this volume, Chown and Convey this volume).

A schematic model of Antarctic biodiversity

Present-day biodiversity in the Antarctic is the result of a number of factors that can
be summarised in a simple schematic model (Fig. 1). The main elements of
biodiversity are the continued existence of past biota, the presence or creation of
habitat suitable for colonisation, the arrival and establishment of new colonisers, and
the adaptation and selection of new taxa in response to environmental forcing
variables associated with environmental change.

The expansion and contraction of the Antarctic ice sheet has undoubtedly led to
the local extinction of biological communities on the Antarctic continent during
glacial periods (Hodgson et al. 2006). Subsequent re-colonisation and the resulting
present-day biodiversity is then a result of whether the species were vicariant
(surviving the glacial maxima in refugia, then recolonising deglaciated areas),
arrived through post-glacial dispersal from lower latitude islands and continents that
remained ice free (Pugh et al. 2002), or are present through a combination of both
mechanisms. Evidence can be found to support both vicariance (Marshall and Pugh
1996, Marshall and Coetzee 2000, Stevens and Hogg 2003 this volume, Allegrucci
et al. 2005, Cromer et al. in press) and dispersal (Hodgson et al. 2006) for a variety
of different species, and is based on the level of cosmopolitanism (dispersal model)
or endemism (vicariance model) (Gibson et al. this volume), on direct
palaeolimnological evidence or, most recently, on molecular phylogenetic and
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evolutionary studies (Skotniki and Selkirk this volume, Stevens and Hogg this
volume).

On the oceanic islands, the biotas will have originally arrived via long-distance
over ocean dispersal, with vicariance and dispersal playing subsequent roles in
shaping the biodiversity across glacial cycles (Marshall and Convey 2004). Species
on Southern Ocean islands show conventional island biogeographic relationships,
with variance in indigenous species richness explained by factors including area,
mean surface air temperature, and age and distance from continental land masses
(Chown et al. 1998). For aquatic species, at least some groups such as the diatoms,
diversity is controlled by the ‘connectivity’ among habitats with the more isolated
regions developing greater degrees of endemism (W. Vyverman pers. comm.).

A.
Colonisation Biodiversity filters
+ Establishment (pre-adaptation)
Habitat e
availability e T T Biodiversity
(adaptation/selection/extin€ti
B.

B @D E S

Time

>

Figure 1. Schematic model illustrating factors influencing the formation of the biodiversity in
a location at one time (A.), and how this changes with the passing of time and associated
climate change (B).

PAST BIODIVERSITY

As described above, there is some evidence for the survival of biodiversity on the
Antarctic continent and subantarctic islands through the LGM. Some taxa are
recognised as Antarctic endemics. In the near future, the use of modern genomic
tools will provide greater insight into the proportion of the current biota that are
glacial survivors, either original species or vicariant derivatives and for what length
of time these organisms have been present in these landscapes (Peck et al. 2005).
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HABITAT AVAILABILITY

The first requirement of establishment is that there needs to be a substrate and
habitat on and within which it is possible for colonisers to become successfully
established. The main habitats for terrestrial life in Antarctica include ice-free areas
of the islands and continent and inland nunataks that are surrounded by ice.
Combined, these ice-free areas account for only 0.35% of the Antarctic continental
area (Fox and Cooper 1994). On subantarctic islands, ice-free areas range from
small coastal pockets interspersed with glaciers (South Georgia and Heard Island) to
completely ice-free islands such as Macquarie and the Iles Crozet. Water bodies
range from small holes in the ice (cryconites) to ponds and very large freshwater or
saline lakes (Gibson et al. this volume and Quesada et al. this volume). Wet seepage
areas are also present in many ice free regions. Adjacent to coasts lakes can be
formed either by isolation of basins from the sea during postglacial isostatic
rebound, or proglacially as glaciers and ice sheets retreat on the land (Hodgson et al.
2004, Lyons et al. this volume, Quesada et al. this volume). The majority of these
habitats are Holocene in age (last 11 ka). However, some areas have survived
glaciation due to their altitude or glaciological settings. Examples of at least parts of
some Antarctic oases remaining ice free through the Last Glacial Maximum include
the Larsemann Hills (Hodgson et al. 2001), the Schirmacher Oasis (Schwab, 1998)
and possibly the Bunger Hills (Gore et al. 2001) based on evidence contained in lake
sediments and other terrestrial deposits. Similarly, some nunataks have remained ice
free through a number of glacial cycles. Subglacial lakes have also likely been
present in some form for many millennia (Doran et al. 2004), but are outside the
scope of this volume.

COLONISATION

Colonisers are carried in the air, on visiting birds and mammals (including humans)
or sometimes borne on rafts (logs, kelp rafts) on the surface of the ocean (Hughes et
al. this volume). The terrestrial environments of the Antarctic have been in a fairly
constant if low level state of invasion and reinvasion from temperate and closer
regions (Barnes et al. 2006) and are currently facing a considerable increase in
invasion pressure through the direct (deliberate and accidental transport) and
indirect (climate change acting to reduce the hurdles required for either successful
natural long distance transport or establishment) (Frenot et al. 2005a, Convey et al.
this volume b). For example, two vascular plant species on Macquarie and a further
two on Heard Island have been identified as having colonised and established only
in the last 200 years, with one of Heard Island species (Leptinella plumosa) being
represented by only one plant found in 2003 (Bergstrom et al. in press, Turner et al.
2006). In recent decades, new populations of the hair grass Deschampsia antarctica
and small cushion plant Colobanthus quitensis have been appearing in various
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locations on the Antarctic Peninsula (Fowbert and Smith 1994, Grobe et al. 1997,

and review by Convey 2003).

BERGSTROM ET AL.

Table 1. Present-day distribution and colonisation attributes of Antarctic biota in the

subantarctic, maritime and continental Antarctic biogeographic zones (S, M, C, respectively).

Group/taxon Distribution Colonization diaspora Major dispersal
S,M, C methods
Mites S.M,C none self-propulsion,
zoochory
Insects SM adults aerial, zoochory
Nematodes S,M,C eggs, anhydrobiotic aerial, zoochory
stages
Collembola S.M,C active juveniles and aerial or water
adults surface
Crustaceans S,M,C adult resting stages aerial or water
(some groups),
resistant eggs
Tardigrades S.M,C eggs, resistant adult state  aerial, zoochory
(tun)
Molluscs S eggs water
Testate SM,C resistant stages aerial or water
amoeba
Spiders S adults and young aerial
Annelids SM juveniles and adults water
Angiosperms S,M seeds, fruits aerial or water,
birds
Ferns S spores aerial
Mosses SM,C spores, plant fragments aerial, birds
Algae S.M,C spores aerial or water,
birds
Lichens S.M,C spores and other aerial, birds
propagules, fragments
Freshwater S.M,C spores and fragments aerial, birds
phytoplankton
Bacteria S,M,C spores aerial, birds
Cyanobacteria SM,C cysts, fragments aerial, birds
Yeasts SM,C spores aerial
Macrofungi S.M spores aerial, birds
Microfungi, SM,C spores aerial

mycorrhizae
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Some groups of organisms are better adapted to dispersal (Table 1) and this
determines the frequency with which they arrive at new habitats, but not their ability
to establish there. Other organisms have limited motility but have established and
survived in various refugia on account of their ability to withstand a series of
selective pressures. In an examination of patterns in biogeography of Southern
Ocean Islands, Greve et al. (2005) identified the level of vagility within biotic
groups as an important characteristic, with more vagile taxa supporting the
hypothesis of single origins of Southern Ocean biota, while those less vagile
supporting a multi-regional scenarios. In a separate analysis, Mufioz et al. (2004)
identified an over-riding influence of wind dispersal as an explanatory factor
underlying biogeographical patterns seen across the subantarctic islands.

ESTABLISHMENT (PRE-ADAPTATION)

Once colonising organisms are present they are subjected to a variety of selection
pressures or biodiversity filters either before they become established or after.
Organisms that establish after colonisation in the Antarctic are, by evidence of their
successful establishment event, pre-adapted to the local conditions, either through a
particular character state or being phenotypically plastic. This is not to say that such
organisms are operating optimally — indeed optimality is an erroneous assumption
often applied even to indigenous Antarctic biota with no real evidence - and
ecophysiological studies of Antarctic organisms have demonstrated for example,
that optimal temperatures for particular processes or activities are often well above
ambient Antarctic or subantarctic air or water temperatures (Convey 1996, Hennion
et al. this volume). The continued persistence of biota operating under sub-optimal
conditions is further encouraged by the generally low importance of negative biotic
factors (ie competition, predation) relative to abiotic environmental variables in such
habitats (Convey 1996). The survival threshold can be understood as the
achievement, over time, of a net gain in carbon and biomass, allowing viability to be
maintained and some form of reproduction (requisite for the long-term development
of a viable population) to occur. Failure to reach an effective population size will
ultimately lead to extinction and, indeed, it is likely that many initially successful
establishment events do not go on to establish populations of the species concerned.
Convey et al. (2000b) suggested that evidence for such a pattern of frequent
dispersal and extinction could be seen in interpreting differences in biodiversity
associated with geothermally-influenced ground found in two surveys of the
maritime Antarctic South Sandwich Islands separated by ~ 30y.

ENVIRONMENTAL ENVELOPE (GENETIC DRIFT, GENE FLOW)

Descriptions of environmental conditions and features found in Antarctic and
subantarctic environments are available from a number of sources (Walton 1984,
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Selkirk et al. 1990, Kennedy 1993, Convey 1996, Bargagli 2005). The most
prominent environmental drivers in terrestrial environments are photoperiod
(varying with the degree of latitude south), the period temperatures are above zero,
the upper and lower limits of the thermal range and the, related, availability of free
water. In order to sustain ecosystems based on carbon fixation by terrestrial
autotrophs, conditions must allow for summer carbon storage to be greater than
year—round respiratory loss and for selection of adaptations for a resting stage or
dormancy. In limnetic environments, key features again include the availability of
free water in addition to the degree of salinity, depth, nutrient availability and the
longevity and depth of surface ice, although the selection of mixotrophy (Gibson et
al. this volume) reduces the reliance on carbon fixation by autotrophic processes.
The degree of temperature fluctuation is dependant on the depth of the water body.
As in other environments, stochastic events also play a major role (see below),
particularly with regard to local extinction. For example, satellite imagery of
volcanic McDonald Island suggests that most vegetation has been destroyed with
recent substantial volcanic activity, while the geothermal plant and animal
communities associated with active fumaroles described from the South Sandwich
Islands and Deception Island (Convey et al. 2000a, Smith 2005) are temporally
defined by the geologically ephemeral persistence of specific individual habitats.

After establishment, changes to the genetic population structure can occur
through population processes such as genetic drift and gene flow. Some moss
populations in continental Antarctica, have been found to have had as much genetic
variation as temperate populations, while others are extremely limited (Skotknicki
and Selkirk this volume). As mosses in the continental Antarctica are not known to
undergo sexual reproduction to any significant extent (Smith and Convey 2002),
genetic variation can be attributed to mutation, genetic drift or multiple colonisation
events. Over the longer term (million year timescale) molecular phylogenetic studies
of differentiation within Victoria Land springtails have been used to propose the
existence of, and expansion from, refugia (Stevens and Hogg 2003, this volume),
and the allopatric differentiation of populations isolated by glacial advances
followed by contact being re-established (Nolan et al. in press). Over an even longer
timescale of tens of millions of years, a molecular clock approach applied to species
of Diptera endemic to the Antarctic Peninsula and subantarctic South Georgia has
proposed separation events carrying a signal of the geological separation of the
different tectonic elements linking this region with southern South America
(Allegrucci et al. 20006).

ENVIRONMENTAL CHANGE (ADAPTATION/SELECTION EXTINCTION)

The key processes of adaptation, selection and extinction are inevitably linked with
environmental change. The gross extinctions of Tertiary ecosystems across the
Antarctic and Iles Kerguelen and Heard Island (McLoughlin 2001 and Truswell et
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al. 2005) are major examples of the impact of climate change on ecosystems.
Extinctions associated with cooling (eg leading up to the LGM and previous events)
would have been reflected both in species loss due to environmental conditions
shifting below their climatic envelope in addition to the loss of habitat from ice
advance.

Species that had colonised the region pre-Tertiary and survived glaciations in
refugia, may have been pre-adapted with sufficiently plasticity to cope with the
environmental changes to be experienced, or have evolved in sifu in response to the
selection pressures of changed environmental conditions. The break-up of
Gondwana, the creation of islands and loss of habitat through ice advance isolated
many environments, thus the role of genetic drift and mutations most likely played a
greater role in populations, both in terrestrial and freshwater environments, than
gene flow.

Although, as already mentioned, Antarctic biota are not necessarily functioning
under optimal conditions, many species display both southerly and northerly limits
to their distribution within the region. Fig. 2 illustrates the distribution of Acaena
magellanica. This species, producing fruits with four barbed spines that are
dispersed as an aggregate containing hundreds of fruits, is highly vagile. Thus, its
distribution pattern is not limited by dispersal capacity and illustrates a degree of
physiological tolerance. Balls of fruits are often seen caught on the bodies of
migratory birds such as the Brown Skua and are readily transported accidentally by
humans caught on clothing (Whinam et al. 2004). The southern distributional limit
of A. magellanica is on South Georgia and the warmer (eastern) side of Heard
Island, while the species has not been found in Tasmania, New Zealand or on New
Zealand’s southern islands. It seems highly unlikely that propagules of such a highly
vagile species have not dispersed to these warmer localities where other members of
the genus occur. This is an example of a species whose life history strategies have
been selected for survival under cooler subantarctic environmental conditions
(Convey et al. this volume a).

While climate change research is heavily focussed on the identification of large
scale trends, the role of extreme and/or local events under environmental change
must not be overlooked. Fig. 3 illustrates that in biological systems it is extreme
events that can have the most impact in a local population, be it under a more
general cooling or warming environment. Such extreme events, that exceed the
physiological thresholds of a species, can lead to local extinction despite the general
trend in environmental change occurring within the operating climatic envelope of
the species.

The 2001/02 austral summer may provide a recent example of such an extreme
event: in this season air temperatures exceeding 10°C were recorded in the Ross Sea
region, flooding occurred in the Dry Valleys from melting glaciers and rain occurred
at the coastal continental Dumont D’Urville station (Lyons et al. this volume, Wall
in press, D. Bergstrom, E. Woehler and M. Pook unpubl. data). This was despite



26 BERGSTROM ET AL.

analyses identifying a general decadal-long cooling trend in this region (Doran et al.
2002). Increased free water associated with rain can increase opportunities for
population growth and expansion, however increased temperatures without
accompanied free-water can lead to increased stress from drought in terrestrial
environments (Convey 2003, this volume) or increased salinity in freshwater
environments.
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Figure 2. A map of the current distribution of the subantarctic herb Acaena magellanica. The
three figures illustrate an Acaena fruit head showing abundant spines (top), two fruits - the
scale bar is 3mm (middle) and an Acaena fruit head on a subantarctic skua. Photographs by
K. Kiefer.

Biotic interactions (enhancement/inhibition/extinction)

Species richness can be exceedingly low in some Antarctic environments, but
species generally do not exist alone. The simplest soil faunal communities on the
planet are found in Antarctica, with those of the Victoria Land Dry Valleys being
restricted to nematodes, tardigrades, rotifers and protozoan groups (Freckman and
Virginia 1997), and those of inland Ellsworth Land nunataks losing even the
nematodes (Convey and Mclnnes 2005). Even these extremely simple communities
contain autotrophic, consumer and predatory trophic levels. Therefore, the species
involved are subjected to a range of interactions with other species, ranging through
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mutually beneficial, neutral and negative impacts from competition, predation and
parasitism. Bergstrom and Chown (1999), however, have also noted that on
Southern Ocean islands many functional groups were missing from communities, a
trend that is thought to be even more exaggerated in more southerly and less
complex ecosystems. Thus the range of interactions is thought to be reduced
compared with warmer ecosystems and, as already stated, biotic factors are thought
to become relatively unimportant as evolutionary selective pressures.
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Figure 3. Schematic illustrating the potential importance of extreme climatic events even
during a period of apparently ameliorating climatic regimes.

In the subantarctic, there are some indications of the impact of competition. The
cushion plant species Azorella selago and A. macquariensis are limited primarily to
higher altitude locations on their respective subantarctic islands, ascribed to the low
capacity of these species to cope with competition from taller plants (Bergstrom and
Selkirk 2000). It is often the case that introductions of non-indigenous species bring
stronger competitors into communities — for instance, the introduction of a predatory
carabid beetle to lowland terrestrial habitats of South Georgia and Kerguelen has
had clear and considerable impacts on other indigenous invertebrate species
(Ernsting et al. 1995, Chevrier et al. 1997, see reviews by Frenot et al. 2005a,
Convey et al. this volume b).

Examples of positive biotic interactions include the presence of mycorrhizae in
the tissues of plants, including liverworts in Antarctica and the roots of many
subantarctic vascular plants (Williams et al. 1994, Laursen et al. 1997, Frenot et al.
2005b, K. Newsham and R. Upson, unpubl. data). Mycorrhizae have been identified
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as playing an important role in nutrient uptake by plants, and widespread
observations across many environments support the idea that they can influence the
colonisation capacity of plants in cold and low-nutrient environments such as
subantarctic glacier forelands (Frenot et al. 2005b).

An interesting and unforseen negative biotic interaction is currently occurring on
some sub- and maritime Antarctic islands. Over the last two decades, populations of
fur seals have been expanding at a substantial rate, following their virtual
extermination, and that of the great whales, by humans during the 19" and early 20™
Centuries (Hodgson and Johnston 1997). As a result, terrestrial habitats occupied by
seals during their breeding and moulting seasons are increasing. This is leading to
extensive vegetation destruction and excessive manuring, of local vegetation
communities, particularly in the South Shetland and South Orkney Islands and on
South Georgia and Heard Islands, and to rapid eutrophication of previously
oligotrophic limnetic ecosystems (Smith 1988, Butler 1999).

Summary

Present-day Antarctic biodiversity is an inventory of the species present at one time,
while the factors that control biodiversity are operating more or less continuously
and at a variety of different scales. Thus, determining which species survive and
evolve in the Antarctic region, and for that matter in any environment, is dependent
on many factors.

Antarctica and its surrounding islands have undergone significant evolution of
their landscapes and climate over the last 60 MA. The same biological processes
(habitat availability — colonisation — biodiversity filters — resultant biodiversity)
that occur elsewhere on the planet operate in both limnetic and terrestrial
ecosystems in ice—free refugia in Antarctic and peri-antarctic islands, but the impact
of some processes or environmental stressors is greater than in other localities.
Currently, what separates the Antarctic from other ecosystems in the world is the
combination of extremes that it experiences: extreme isolation, extreme past loss of
habitat from ice formation and extreme selection pressure particularly from
temperature and water stress in the terrestrial environment.

What we see as a result of these factors at a continental scale is drastically
reduced biodiversity at the species level. We now have a situation where many
species are at their distributional limits, both northern and southern, and the
environment in many places is changing rapidly and thus selection leading towards
future biodiversity is most acute. Convey (this volume) and Lyons et al. (this
volume) expand on evidence for recent change and discuss the future under current
climate change scenarios.

With a long, complex and extreme history, Antarctica and its surrounding islands
currently provide relatively simple natural laboratories where small changes impact
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greatly and this impact is perceivable by the human observer. Apart from its obvious
but value-based attributes such as wilderness, aesthetic and existence values, this
one attribute makes the region a precious asset to the human race.
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