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Foreword

Few environments are as compelling and as illustrative of the achievements of
human endeavour as the Antarctic. It is an extraordinary place, and especially for
humans to endure and to succeed. Global interest in the current centenary of many
of the great scientific explorations has reaffirmed the significance of Antarctica in
the human psyche. However, Antarctica also has another existential role.

The continent has long been considered an isolated wilderness, largely free
of the impacts humanity has wrought on so much of the planet’s surface. For the
Southern Ocean this view is illusory, given the decimation of whale and seal popu-
lations in the previous century. But for the continent, with its sparse rocky environ-
ments and cap of ice, this wilderness view has long prevailed, and indeed taken on
even greater significance as the world has changed.

The change has been extraordinary. Between 1959, when the Antarctic Treaty
was signed, and today, the human population has more than doubled, growing
from 3 billion to more than 7 billion. Gross Domestic Product has grown even
faster, with per capita GDP rising as a result. That rise has been fuelled largely
through our ingenuity as a species and the consumption of natural resources. The
waste products are transformed and homogenised landscapes, an increase in the
diversity and distribution of pollutants, declines in biodiversity, and enormous
increases in greenhouse gases, most notably CO,. The latter are leading to pro-
found global changes in climate. They also mean that we are now starting to live
outside the conditions under which we evolved as a species. And there is no end to
the change in sight. Rather, we face the sobering prospect of a threshold shift that
may increase the pace and impact of change.

Against such a backdrop, we might well take heart that Antarctica remains iso-
lated and free of so much of our influence. But as this book so comprehensively
and thoughtfully demonstrates, this view too is illusory. Antarctica is by no means
free of human impact. Rather its environments continue to experience pollutant
contamination, non-indigenous species have established, populations of several
indigenous species are declining and systems are responding to ongoing climate
change. Moreover, these impacts are growing and for the most part predicted to
do so at an increasing pace. While governance arrangements in the form of the
Antarctic Treaty System and its associated instruments are in place, these are fac-
ing challenges that are mounting both in extent and diversity. How the interactions
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between these challenges and the responses of the various actors in the Antarctic
and elsewhere will play out into the future forms a novel and significant feature of
this book.

The future scenarios raised by the authors are concerning. They suggest that
whilst humanity values Antarctica and has a strong desire to protect its environ-
ments and biodiversity, without much change, current governance arrangements
are unlikely to succeed in doing so. Similar messages are emerging from many
other international environmental governance arrangements: we seem to have the
will, but not the capability. The Antarctic Treaty System has in the past shown
that desire can be matched by action. Thoughtful assessments such as the one pre-
sented in this book demonstrate how the Treaty System could lead the way again.
Such leadership is essential if a liveable future for humanity is to be secured.

August 2012 Steven L. Chown
Monash University



Preface

The Antarctic continent and the Southern Ocean make up one tenth of the Earth’s
surface and remain some of the most pristine environments on Earth, with rela-
tively few direct environmental impacts compared to the rest of the world. This is
partly due to the region’s remoteness and isolation, which meant that large-scale
human activities did not take place here until the eighteenth century. However, it is
also partly a result of the environmental safeguards that have been put in place to
protect the region’s environment and natural resources under the Antarctic Treaty
System and other international agreements. Over the last few decades, human
activities in the Antarctic region have been intensifying and diversifying rapidly. In
the coming decades, increased accessibility, in part due to a changing climate and
technological advances, is also likely to play a significant role. Increasing human
activities place growing pressures on the Antarctic environment and can poten-
tially leave behind significant environmental, social and political footprints with
the level of cumulative impacts remaining largely unknown.

More than 50 years after the signing of the 1959 Antarctic Treaty, it is time
to take stock and look ahead at the future challenges of Antarctic environmental
management as well as to explore what needs to be done to maintain the relatively
pristine character of the Antarctic environment.

This book is an outcome of the session ‘Human Impacts in the Arctic and
Antarctic: Regulatory and Management Implications’ that was held at the
International Polar Year (2007-2009) Oslo Science Conference held in Oslo,
Norway, from June 8 to 12, 2010. Contributors to the conference session were
invited to explore all types of impacts of human activities and regional environ-
mental change in the Polar Regions, with a special focus on highlighting the man-
agement priorities for the protection of the landscape (environment and people) of
the Polar Regions in the face of increasing human activity.

A total of 27 talks and 21 posters were presented over 2 days, covering top-
ics such as human-wildlife interactions, chemical contamination, whaling and
polar tourism. Some speakers provided examples of where existing environmen-
tal management regimes were working, but also where they were not working.
Two common themes emerged from the presentations focused on the Antarctic
region: (i) the need for strategic planning in the management of human activi-
ties in the Antarctic along with the conservation of terrestrial as well as marine

vii



viii Preface

ecosystems; and (ii) the values of Antarctica that merit protection. A thematic
cluster of the journal Polar Research (2012) brings together a collection of
the presentations on both Arctic and Antarctic issues. This volume focuses on
Antarctic environmental management and expands on the themes of strategic
thinking and values that were raised during the conference.

Contributors to this volume were invited to build on their ongoing research to
explore issues surrounding environmental impacts and management of human
activities in the Antarctic, following a common theme of strategic thinking
and future vision. Contributors were invited to consider future scenarios for the
Antarctic environment, notably the Business-As-Usual scenario where the cur-
rent trends of increasing human activities continue and no additional conservation
action is taken and alternative future scenarios. They were also invited to examine
strategic planning needs that would ensure continued conservation of the Antarctic
environment.

This volume does not, by any means, represent a full consideration of the com-
plex ‘futures’ that can be imagined for the Antarctic environment. The possible
futures of the Antarctic environment are determined by multifaceted human—envi-
ronment interactions. While acknowledging that global contexts will also have
profound influences in shaping the future of the Antarctic environment, we have
made the choice to focus our efforts in this volume on examining issues arising
within the immediate Antarctic region, leaving a broad regional and global analy-
sis as a future endeavour. As such, issues of global climate change, geopolitical
relations and world economy will not be examined in detail but will be referred to
in the discussions as appropriate.

Following an initial chapter by the editors, which outlines the Antarctic context,
this volume is divided into four parts, each of which closes with a short summary:

Part I: Species and Ecosystems is broken down into five chapters that examine
a breadth of Antarctic species and ecosystems that are afforded special protection
status under the Antarctic Treaty System and other international agreements. With
coverage from baleen whales to soil microbes, these chapters explore both marine
and terrestrial contexts and also look back to the past, provide a baseline of today
and offer an eye to the future.

Part II: Regional Case Studies looks at three Antarctic regions and examines
their different environmental situations, management models and strategic plan-
ning needs. Each of these case studies is a microcosm from which lessons could
be learned for other Antarctic locations, or scaled up and applied to the Antarctic
as a whole.

Part I1I: Actors and Sectors gives room for actors engaged in different activities
to voice their views on the future of the Antarctic environment. In these five chap-
ters, representatives of environmental non-governmental organisations, govern-
mental institutions involved in supporting scientific activities, as well as tourism
and sustainability researchers discuss how Antarctica is used and valued by differ-
ent actors and sectors, both now and in the future. They also explore how strategic
thinking can contribute to reaching desirable futures for the Antarctic environment.
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Part IV: Conclusions provides a synthesis of the preceding chapters, following
a narrative of possible futures and strategic planning actions necessary for the con-
tinued conservation of the Antarctic environment.

The human species interacts (or engages) with the multiple components of the
Antarctic environment at different times and locations, through various means,
driven by diverse motivations resulting in a variety of outcomes. The scope of
human engagement with the Antarctic environment includes human activities; it
includes governance scenarios; it includes non-human species and the environ-
ment where human activities take place; and the impacts that human activities
have on them; but perhaps above all it includes the values we embrace as humans.
How we choose to value the ice, the rock, the springtail, the silence, the wilderness
and the ‘goal’ of a pristine place for science, for economic reasons, for idealis-
tic aspirations or for future generations, influences what we do. In conclusion, we
hope that this book will raise questions related to these points and start a dialogue
that is both strategic and timely.
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Chapter 1

Setting the Scene: Human Activities,
Environmental Impacts and Governance
Arrangements in Antarctica

Tina Tin, Machiel Lamers, Daniela Liggett, Patrick T. Maher
and Kevin A. Hughes

Abstract The scope and intensity of human activity in the Antarctic region has
changed considerably over the past 100 years, resulting in significant modifications
to the Antarctic environment and its ecosystems, and to the institutional arrangements
governing human activities. Since the nineteenth century, Antarctica has seen peri-
ods of heavy resource exploitation followed more latterly by swells of governmental
scientific research programmes which have, in turn, led to a plethora of international
agreements. By the end of the twentieth century, commercial tourism was also firmly
established. Development in human engagement with the Antarctic environment has
been accompanied by changes in human values, technologies and ways of thinking.
This chapter sets the scene for the entire volume by providing a historical background
on human activities, their management and their implications, which other chapters
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2 T. Tin et al.

build upon. The purpose of this chapter is not to explore the full breadth of human
activities, environmental impacts and governance arrangements in Antarctica. Rather,
it aims to provide a contextual framework that can be used to anchor together the
diverse subjects treated in the subsequent chapters.

Keywords Human activities ¢ Environmental impacts ¢ Governance

1.1 Introduction

Over the past few centuries, the scope and intensity of human contact with the
Antarctic region has changed considerably, and this has had cascading effects on
Antarctic ecosystems as well as on the institutional arrangements governing human
activities. Marine living resource extraction began in late eighteenth century and
continues today. Governmental scientific research programmes became the pri-
mary human activity in the Antarctic from the mid twentieth century onwards, and
commercial tourism was established firmly by the end of that century. The need to
manage human activities in the Antarctic led to the establishment and expansion
of the Antarctic Treaty System (ATS), which started as an international agreement
aimed at circumventing conflicts arising from sovereignty issues whilst allowing
for peaceful activities such as scientific research to take place. It has since evolved
into a set of complex institutional arrangements, with one of its primary foci being
the protection of the Antarctic environment. There are many studies and reviews
on Antarctic geopolitics, history, governance, human activities and environmental
impacts (e.g. Hansom and Gordon 1998; Bargagli 2005; Knox 2007; Sanchez 2007;
Koch 1992; Dodds 1997; Riffenburgh 2006; Child 1988; Hemmings et al. 2012;
Chaturvedi 1996; McGonigal 2008; Berkman 2002; Bauer 2001; Maher et al. 2011;
Stonehouse and Snyder 2010). The purpose of this chapter is neither to reproduce
this extensive body of knowledge nor to explore the full breadth of human activi-
ties, environmental impacts and governance arrangements in Antarctica. Rather,
this chapter aims at providing a judicious selection of the relevant information that
imparts the context necessary for the remaining chapters in this volume.

1.2 Human Activities: A Brief History, Current Status
and Trends

Humans have claimed to have ventured southward into the Southern Ocean and
the islands therein since the sixteenth century. Cook’s second expedition (1772—
1775) effectively delimited the extent of Antarctica. Following Cook’s sightings
of huge populations of fur seals, sealers were drawn to the peri-Antarctic islands
in the late eighteenth century (Mill 1905). Sealing activities were initially concen-
trated at South Georgia, then spread to other islands as fur seal populations were
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systematically reduced to levels that were no longer economically worth harvest-
ing (Bonner and Laws 1964; Headland 2009; Trathan and Reid 2009). After the
mid-1820s, sealers expanded their harvests of elephant seals for blubber (Laws
1994). This activity continued into the twentieth century, before whaling took over
as the primary commercial venture in the Antarctic.

Antarctic whaling began in the late nineteenth century and reached an industrial
scale with the establishment of the first shore-based whaling station at Grytviken
on South Georgia in 1904. The venture was so lucrative that new shore stations and
floating factory ships were soon introduced throughout the South Georgia, South
Shetland, South Orkney and Kerguelen Islands (Tgnnessen and Johnsen 1982; Hart
2006). The Southern Ocean quickly became the global center of whaling, supplying
half the world’s annual catch (Knox 2007). Whaling expanded into the Ross Sea,
along the edge of the pack ice and further into the open sea. During the peak whal-
ing season of 1930-1931, 41 factory ships and six shore stations caught 40,000
whales and produced more than 3 million barrels of oil (Headland 2009). As whale
stocks declined, the International Whaling Commission (IWC) put in place a global
moratorium on commercial whaling which led to the end of commercial whaling in
the Southern Ocean in 1987 (Leaper and Miller 2011). Since then, Japan has been
the only nation to continue whaling activities in the region. Approximately 10,000
whales, mostly minke, have been caught between 1987 and 2008 in the Southern
Ocean under the IWC’s special scientific permit (IWC 2012).

Despite the decline of commercial sealing and whaling, the exploitation of
Antarctica’s marine living resources continued to be a major human activity in the
Antarctic throughout the twentieth and into the twenty-first century. Large-scale
exploitation of finfish began in 1969/1970 in the south-west Atlantic around South
Georgia, then expanded into the Indian Ocean around the Kerguelen Islands and
reached the coastline of the Antarctic continent in the late 1970s. The commer-
cial exploitation of Antarctic krill commenced in the 1970s in the South Atlantic
and currently represents, in terms of tonnage, the largest fishery in the Southern
Ocean. The possibility of large-scale harvesting of this keystone species trig-
gered the signing of the Convention on the Conservation of Antarctic Marine
Living Resources (CCAMLR) in 1981 (Miller 2002). However, most fish stocks
had already been overexploited before CCAMLR came into force in 1982 (Kock
1994). Since then, fishing activities in the Southern Ocean have been the subject to
internationally agreed management measures, including the setting of total allow-
able catches, spatial and seasonal restrictions and measures aimed at the reduction
of by-catch (Constable et al. 2000; Miller 2013), although there remains a signifi-
cant and, difficult to quantify challenge from illegal, unreported and unregulated
(IUU) fisheries. In the 1980s, deepwater longlining was introduced in fin fisher-
ies, enabling exploitation of the larger and older fish found in areas inaccessible to
trawlers. Longlining became the principal fishing method for Patagonian toothfish
and a lucrative commercial venture which triggered substantial [UU fishing activi-
ties. [UU catches were at their peak in the Atlantic sector during the second half of
the 1990s and have since decreased and moved into the Indian Ocean sector and
the Ross Sea (Miller 2004; CCAMLR 2011).
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Whilst whalers were the first to build significant infrastructure on the peri-
Antarctic islands, explorers built the first huts on the continent to serve as bases
for moving into the interior. During the ‘Heroic Age’, the period roughly between
1895 and 1915, parties from different nations engaged in the geographical explo-
ration and scientific study of Antarctica. Huts were built in Victoria Land (e.g.
Cape Adare by Borchgrevink in 1898), the Antarctic Peninsula (e.g. Hope Bay by
Nordenskjold in 1902) and East Antarctica (e.g. Commonwealth Bay by Mawson
in 1912), where personnel overwintered and conducted scientific observations.
From these early bases, some expeditions attempted to reach the geographical
South Pole. The parties of Amundsen and Scott reached the South Pole in the
1911/1912 austral summer (Headland 2009), whereas the Shirase party did not
(Dagnall and Shibata 2011). Whilst some of the well-publicised exploration and
rescue expeditions had little scientific substance, some of them set the foundation
for scientific investigations in the fields of geology, meteorology and zoology in
Antarctica (Fogg 1992).

Between the two World Wars, the use of aircraft and aerial photography greatly
increased the knowledge of the Antarctic coastline and parts of the continental inte-
rior. During and after the Second World War, the number of regular annual national
expeditions to the Antarctic increased as the continent’s geopolitical and strategic
importance came to the forefront (Klotz 1990). Human presence on the Antarctic
continent expanded significantly during the 1957/1958 International Geophysical
Year (IGY). New stations were built in new areas, including Terre Adélie (France’s
Charcot station), Drgnning Maud Land (Norway’s Norske Stasjon) and on the
polar plateau (USA’s Amundsen-Scott station and the Soviet Union’s Vostok sta-
tion) to support international cooperative research programmes undertaken by 12
countries in the Antarctic during the IGY. A total of 54 research stations operated
in Antarctica and the peri-Antarctic islands during the winter of 1957 (Headland
2009). Based on historical data (Headland 2009), current operational data from
the Council of Managers of National Antarctic Programs (COMNAP 2012) and
the Antarctic Treaty Secretariat (ATS 2012), approximately 240 research stations,
refuges and camps have been constructed to date within the Antarctic Treaty area.
Approximately 190 of these facilities are actively in use, providing simultaneous
accommodation for approximately 5,400 people in the summer and 1,100 people in
the winter (see Figs. 1.1, 1.2; COMNAP 2012; ATS 2012).

Technological advances are allowing stations and research activities to reach
further into remote parts of Antarctica. New stations are built in previously unoc-
cupied areas (e.g. the Chinese Kunlun station at Dome A and the Belgian Princess
Elisabeth station at Sgr Rondane). Deep ice cores have been drilled down to bed-
rock level at multiple locations on the polar plateau (Motoyama 2007; Jouzel et al.
1989). Lake Vostok, lying below nearly 4,000 m of glacial ice was penetrated for
the first time in 2012 (Russian Federation 2012), and plans are underway to sam-
ple water from Lake Ellsworth in the coming Antarctic seasons (United Kingdom
2011). Field parties are travelling to increasingly remote areas, such as the
icesheet over the Gamburtsev Mountains (Bo et al. 2009), and areas not previously
visited by humans are becoming a diminishing resource (Hughes et al. 2011a).
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Fig. 1.1 Locations of stations (active and disused), refuges, camps, science apparatus, his-
toric sites and land-based tourism facilities based on the following data sources: Headland
(2009), COMNAP (2012), ATS (2012) and subsequent links to websites of National Antarctic
Programs, IAATO (2012), University of Wisconsin-Madison (2012), Adventure Network
International (www.adventure-network.com), SCAR Antarctic Digital Database (http://www.add.
scar.org:8080/add/). This is not a complete list of infrastructure that can be found on the ground
in Antarctica. Created by Rupert Summerson

Commercial tourism is another major addition to the suite of human activities in
Antarctica. Regular Antarctic tourism started in the late 1960s, when the first com-
mercial tourist cruises to Antarctica in small ships carrying between 50 and 120
paying passengers were organised (Stonehouse and Snyder 2010). Larger ships,
carrying between 400 and 500 passengers, occupied an increasing proportion of
the expanding market in the 1990s. The start of the twenty-first century saw the
arrival of large cruise liners, carrying between 800 and 3,000 passengers (Lamers
et al. 2008). The majority of Antarctic tourism continues to be ship-based with more
than 90 % of all tourists visiting Antarctica on cruise vessels (Bertram 2007). In
the last two decades, tourist numbers have grown exponentially, from a few thou-
sand to a peak of around 45,000 in the 2007/2008 season (see Fig. 1.3) (Crosbie
and Splettstoesser 2011). Global recession and the declining number of the mid-
and large-size vessels (over 200 passengers) operating in the Antarctic have damp-
ened tourist numbers to Antarctica since. However, demand to visit Antarctica is
expected to continue and growth is projected to pick up again in the coming years
(IAATO 2011; Jabour 2013). Travelling along with the tourists are the approxi-
mately 10,000-20,000 service staff and crew members (see Fig. 1.4). Between 2000
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Fig. 1.4 Number of passengers, staff and crew travelling to Antarctica on seaborne, airborne and
land-based commercial tour operations with JAATO member companies. Data source IAATO
(2012)

and 2010, the tourism industry has brought a total of between 20,000 and 70,000
people to Antarctica annually, and it is the type of human activity that brings in
the largest number of people to the region. Antarctic tourism is also diversifying,
which means that tourists now have access to a greater range of destinations (e.g.
the Antarctic Peninsula, the Ross Sea continental destinations) and can participate in
a more diverse selection of activities (e.g. kayaking, mountain climbing and scuba
diving) than ever before (Lamers and Gelter 2010). Some land-based tourism infra-
structure already exists (ASOC 2009, 2011) in the form of tourist accommodation
supported by a national operator on King George Island, and the Antarctic Logistics
Expeditions camp and support facility at Union Glacier (formerly at Patriot Hills)
in the Ellsworth Mountains. The expansion of permanent land-based infrastructure
for tourism is considered a feasible future development (Bastmeijer et al. 2008),
although at this point it is not envisioned to happen in the near future (Liggett 2009).

1.3 Environmental Impacts

In a remote region like Antarctica, environmental impacts may arise as a con-
sequence of human activities, but may also remain undetected or undetectable
because of lack of monitoring, lack of knowledge of baseline conditions or con-
current natural phenomena that mask the effects of human activities. As a result,
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some impacts of some human activities are relatively well studied, whilst others
remain unidentified, undescribed or unmeasured.

Once an impact is identified, described or predicted, an evaluation process
to assess the significance of the impact can be undertaken. This is an inherently
subjective process (ATS 2005) that depends on social constructs defining which
changes in the state of the biophysical environment brought about by human inter-
ference are deemed acceptable or unacceptable in the light of society’s shared
perspectives (Sloep and Van Dam-Mieras 1995). This human dimension of envi-
ronmental impacts creates a complex mix of societal interests and values around
environmental problems, which affects decision-making processes on the sci-
entific/political benefits and financial/environmental costs of human activity—
debates that are not restricted to the Antarctic region.

The following sections provide an overview of the types of environmental
impacts arising from human activities in the Antarctic. The focus will be on the
relationship between human activity and the environment (e.g. the reaction of pen-
guins to overflying helicopters), not on differentiating between motivations behind
human action (e.g. tourist flight, science logistics flight) or on evaluating the sig-
nificance of the impact (e.g. will the scientific value of the research coming from
the use of a new research station outweigh the impacts that construction activities
have had on the surrounding penguin colonies?).

1.3.1 Exploitation of Marine Living Resources

Whaling is estimated to have reduced the large whale species—blue, humpback,
fin—to between 2.5 and 6 % of their initial levels (Kock and Shimadzu 1994).
Fin, sei and minke whales were particularly heavily exploited, and it is estimated
that most species are still at small fractions of their assumed former abundance
(Leaper and Childerhouse 2013). Since the end of sealing activities, Antarctic fur
seal populations have increased to an estimated population of over four million,
possibly exceeding pre-harvesting levels (SCAR 2006) whilst some populations of
elephant seals have continued to decline (e.g. Ainley and Blight 2008; McMahon
et al. 2005). The recovering fur seal populations are now leading to serious nega-
tive changes in previously unoccupied and fragile terrestrial habitats especially in
the Antarctic Peninsula region (Smith 1988; Favero-Longo et al. 2011), an exam-
ple of a secondary consequence of the earlier uncontrolled human exploitation of
the marine environment. Published studies continue to demonstrate little recovery
of many of the finfish stocks that were exploited prior to CCAMLR management
whilst some modern fisheries regulated under CCAMLR have remained produc-
tive (Ainley and Blight 2008).

Direct and indirect impacts on non-target species, and cumulative impacts aris-
ing from the removal of large amounts of biomass from the Southern Ocean eco-
system (and in some cases its transfer to the terrestrial ecosystem; Convey and
Lebouvier 2009), are not well understood. The removal of whales, and to a cer-
tain extent seals, is hypothesised to have led to a krill surplus, which suggests a
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greater availability of food for other species released by the reduced number of
large krill predators (Mori and Butterworth 2006). Long-line fishing has led to sig-
nificant seabird by-catch. At its height in the late 1990s, albatross mortalities from
legal and IUU fisheries were unsustainable for the populations involved. Fishing
practises promoted in response by CCAMLR have helped to reduce by-catch from
legal fisheries significantly (Miller 2004; Croxall and Nicol 2004). The exploita-
tion of toothfish from the Ross Sea is said to have caused a reduction in the resi-
dent population of killer whales (Ainley et al. 2009).

1.3.2 Building and Living in Antarctica

The construction and utilisation of infrastructure in the Antarctic results in envi-
ronmental impacts that are difficult to reverse. The impacts of fuel and chemical
spills around stations built by early twentieth century explorers are still detectable
in the soil in and around historic huts today (Blanchette et al. 2004). Built around
the same time, whaling stations have led to localised pollution of the near-shore
marine environment through the discharge of whale refuse and fuel oil. After the
end of whaling activities, these stations were simply abandoned, many hazardous
wastes remained on site and fuel and oil leaks continued sporadically (e.g. Platt
and Mackie 1979; Cripps and Priddle 1991).

The construction of modern research stations began in the 1950s (see Fig. 1.2)
and has often impacted the surrounding habitat (Woehler et al. 2013; Parker 1972;
Benninghoff and Bonner 1985). The resulting environmental impacts include
the loss of nesting habitat during construction activities (Micol and Jouventin
2001; Woehler 2006), entanglement of Adélie penguins in construction materials
(Woehler 1990), reduction in breeding activity of Wilson’s storm petrels (Peter
et al. 2008) and physical disturbance to soils and destruction of vegetation (e.g.
Chen and Blume 1997; ASOC 2004). Amongst the most widespread contaminants
around research stations are trace metals and Polycyclic Aromatic Hydrocarbons
(PAHs) from combustion processes and fuel and oil spills (Bargagli 2005). In the
late 1990s, contaminated soil and waste from abandoned waste disposal sites and
fuel spills was estimated to be of the order of 1-10 million m? (Snape et al. 2001).
Contaminants associated with synthetic chemicals are likely to persist for tens or
hundreds of years (Kennicutt et al. 2010). Waste and contaminants left on the polar
plateau will remain in the ice for thousands of years (Bargagli 2005).

1.3.3 Travelling to and Within Antarctica

Fossil fuel is the main energy source used for transportation to and within the
Antarctic and for living in Antarctica. The overall amount of fuel consumed is
small on a global scale but, considering the small number of users, the consump-
tion of fuel and subsequent emission of greenhouse gases per person is large
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(Eijgelaar et al. 2010; Amelung and Lamers 2007). For example, including the dis-
tance travelled between home countries and Antarctica, it has been estimated that
the average two-week tourist trip to Antarctica results in five tonnes or more of
carbon dioxide (CO;) emissions per passenger (Farreny et al. 2011). This is more
than the 4.2 tonne-per-person average of annual global CO; emissions from the
combustion of fossil fuels (IEA 2011).

Shipping is a dominant contributor to atmospheric pollution over much of the
world’s oceans (Corbett and Fishbeck 1997). Sulphur dioxide emissions from
Antarctic shipping activities in the 2004/2005 season were estimated to be ten
times greater than those originating from power generation at research stations
(Graf et al. 2010). Light, noise, visual and physical interaction with wildlife can
disturb some species, leading even to death or colony desertion in extreme cases
(de Villiers 2008; Tin et al. 2009). Deployment and retrieval of ship anchors can
damage benthic marine habitats (Australia 2009). Ballast water and hull fouling
are considered likely to be significant vectors for the introduction of non-native
species into the Antarctic region (SCAR 2007; Liick 2010).

The most significant fuel spills in Antarctica have been caused by shipwrecks,
collisions or accidents during bunker fuel transfer (Bargagli 2005). The largest
oil spill in Antarctica involved the sinking of the Bahia Paraiso near to Anvers
Island, during which 600,000 litres of diesel fuel were released into the ocean in
1989. Hydrocarbon contaminants are also found commonly where aircraft and
vehicles are stored, used or refuelled (Aislabie et al. 2004; Kennicutt et al. 2010).
Fossil fuel remains the main energy source at Antarctic stations and field camps,
although renewable energy and energy efficiency applications are being deployed
increasingly (Tin et al. 2010; Sanchez and Njaastad 2013).

Aircraft and vehicles are commonly used throughout Antarctica. Noise and
the physical presence of aircraft and vehicles can disturb wildlife, with wildlife
responses ranging from habituation, to insignificant or minor behavioural changes,
increases in heart rate, temporary nest desertion, multiple nest desertion events,
mass panic and death (de Villiers 2008; Hughes et al. 2008; Otley 2005). Tractor
trains may travel over large distances (>1,000 km) to re-supply inland research
stations. They cause unavoidable, though transient, physical disturbances to the
snow and ice surface and alter the wilderness value of the area as snow surfaces
are groomed, unstable snow bridges over crevasses are collapsed (sometimes with
explosives) and exposed crevasses are filled with snow harvested from the sur-
rounding area (NSF 2004).

Increasing travel to and within Antarctica, together with rapid regional cli-
mate change, is increasing the likelihood of the transfer and establishment of non-
native species in the Antarctic (Frenot et al. 2005; Chown et al. 2012; Hughes
et al. 2013). Seeds and assemblages of known invasive and non-native species
have been found on food, personal clothing, cargo and ships travelling to and
within the Antarctic (e.g. Hughes et al. 2011b; Lee and Chown 2009a, b).
Transport and dissemination of microorganisms is considered an inevitable
consequence of human presence in the Antarctic which may have substantial
impacts upon existing Antarctic microbial communities (Cowan et al. 2011).
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1.3.4 Visiting and Working in Antarctica

Wildlife populations near research stations generally receive frequent visits from
station staff and scientists, both for scientific and recreational purposes (Braun
et al. 2013). Tourists frequently visit concentrations of wildlife at different loca-
tions for relatively short period of time. The consequences of human interactions
with wildlife are often cumulative in nature and may only become apparent over
the long term (e.g. Cobley and Shears 1999; Trathan et al. 2008). Certain spe-
cies and sub-populations may habituate to particular human activities (Pfeiffer
and Peter 2004; Holmes et al. 2006). Uncontrolled visitation of people might
also result in littering in and near wildlife colonies (Molenaar 2005), modifica-
tions of historical sites (Roura 2010) and removal of natural or historic artefacts.
Walking and driving on Antarctic soils and vegetation disturb the ground surface
and can lead to soil compaction, vegetation damage, alteration of the soil com-
munity and other impacts. Tracks are often created near research stations, wild-
life colonies and historical sites. Studies generally conclude that even a minimum
human presence is sufficient to generate measurable changes, and recovery from
these types of disturbance may take decades (e.g. Tejedo et al. 2013; Ayres et al.
2008). Different types of scientific activities give rise to a range of different envi-
ronmental impacts. In general, equipment, including radiosondes, data buoys and
loggers might be left behind, and machinery can be lost in the ocean (Aronson
et al. 2011). Petroleum-based drill fluid is detectable in the ice sheet for tens of
thousands of years after ice cores have been retrieved (e.g. Frezzotti et al. 2004;
RAE AARI 2010). Penetration of subglacial lakes carries the risk of microbial
contamination of pristine lake ecosystems (Wingham et al. 2006; SCAR 201 1a;
Siegert et al. 2012). Handling of, or surgical operations on, animals can lead to
physical injury or mortality of the animal or modifications to the foraging perfor-
mance (e.g. Ropert-Coudert et al. 2007; Jackson and Wilson 2002).

As more people travel to the Antarctic to visit and work, the human footprint in
the Antarctic expands, and unvisited areas become increasingly rare (Hughes et al.
2011a). There are fewer areas in which Antarctica’s original endemic biodiversity
can be studied in confidence of a lack of contamination, and fewer pristine areas that
can be used as control sites for future comparative analyses of the impacts and con-
sequences of the anthropogenic impacts (Cowan et al. 2011). At the same time, the
Antarctic wilderness, often considered as one of the world’s last great wildernesses,
is under the pressure of being fragmented, eroded and diminished (Tin et al. 2008).

1.4 Environmental Governance

The main impacts of human activities on the Antarctic environment are connected
to shifts in environmental regulations, and distinct epochs related to certain envi-
ronmental protection measures can be identified. The following section introduces
key pieces of international environmental legislation as well as non-binding and
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self-regulatory systems established to manage human activities and its associated
impacts in Antarctica. A summary of regulatory measures related to the conserva-
tion of the Antarctic environment and its biota is provided by Table 1.1.

1.4.1 Antarctic Treaty System

The first piece of international legislation specifically concerning Antarctica
and applying to the area south of 60°S Lat. was the Antarctic Treaty, which was
signed in 1959 and entered into force in 1961. The Treaty currently has 29 con-
sultative parties (i.e. participating in consensus-based decision making) and 21
non-consultative parties (i.e. not participating in decision making), in total repre-
senting around 65 % of the Earth’s human population. The Treaty prohibits mil-
itary activity, nuclear explosions and the disposal of radioactive waste material,
whilst promoting international cooperation in scientific investigation in Antarctica
and recommending signatory nations to take measures for the ‘preservation and
conservation of living resources in Antarctica’ [Article IX, para 1 (f)]. Treaty par-
ties meet annually at Antarctic Treaty Consultative Meetings (ATCMs) to discuss
the implementation of the agreements that are in force and to consider the require-
ments for additional regulatory measures in view of new developments.

The Antarctic Treaty has expanded into the Antarctic Treaty System (ATS),
which includes other legal instruments designed specifically for the protec-
tion of the Antarctic environment. These include the 1964 Agreed Measures for
the Conservation of Antarctic Flora and Fauna and the 1972 Convention for the
Conservation of Antarctic Seals (CCAS). Much of the former has been subsumed
into the 1991 Protocol on Environmental Protection to the Antarctic Treaty (also
known as the Madrid or Environmental Protocol), which came into force in 1998.
In addition, the 1980 Convention on the Conservation of Antarctic Marine Living
Resources (CCAMLR) established a commission to manage Southern Ocean fish-
eries adopting a precautionary and ecosystem-based approach.

By acceding to the Madrid Protocol, parties agree to designate Antarctica ‘as
a natural reserve, devoted to peace and science’ [Article 2—Objective and desig-
nation]. The environmental principles derived from this include: ‘The protection
of the Antarctic environment and dependent and associated ecosystems and the
intrinsic value of Antarctica, including its wilderness and aesthetic values and its
value as an area for the conduct of scientific research, in particular research essen-
tial to understanding the global environment, shall be fundamental considerations
in the planning and conduct of all activities in the Antarctic Treaty area’. [Article
3(1)]. The Madrid Protocol requires human activities to be planned so as to avoid
adverse impacts on the environment and harmful interference on flora and fauna.

The Protocol is implemented through its six annexes. Annex I Environmental
Impact Assessment (EIA) states that all activities within the Treaty Area should be
subject to an EIA prior to the conduct of the activity. Annex II contains articles
concerned with the conservation of Antarctic fauna and flora. It prohibits the
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deliberate introduction of non-native species! and requires the application for spe-
cial permits before native flora or fauna can be killed or removed from Antarctica.
Annex IIT addresses waste disposal and management. It puts an end to the practise
of open incineration and requires the removal of solid non-combustible wastes and
abandoned work sites. Annex IV focuses on the prevention of marine pollution
and prohibits the disposal of garbage and chemicals at sea in the Treaty Area. It
further requires that ships discharge their macerated food wastes, sewage and sew-
age sludge at least 12 nautical miles from land or ice shelf. Annex V is concerned
with area protection and management. An area of Antarctica may be designated an
Antarctic Specially Protected Area (ASPA) to protect outstanding environmental,
scientific, historic, aesthetic or wilderness values, any combination of those values,
or ongoing or planned scientific research. Antarctic Specially Managed Areas
(ASMAs) may also be designated in places where activities are conducted, or may
be conducted in the future, to assist in the planning and coordination of activities,
to avoid possible conflicts, improve cooperation between Treaty parties or to mini-
mise environmental impacts. A total of 73 ASPAs and 7 ASMAs have been desig-
nated to date (ATS 2013a). Annex III is concerned with liability following an
environmental incident. If an activity led to an accidental event resulting in signifi-
cant harmful impact on the Antarctic environment, Annex VI would require the
operators of the activity to take action to respond immediately and minimise the
environmental impacts. Signed in 2005, Annex VI is pending ratification from all
Treaty parties before it will enter into force.

The Madrid Protocol also established the Committee for Environmental
Protection (CEP) as an expert advisory body that meets annually to provide advice
and formulate recommendations to the ATCM in connection with the implemen-
tation of the Environmental Protocol. Since its establishment in 1998, the CEP’s
workload has increased significantly, and the majority of the legally binding meas-
ures agreed at ATCMs have been related to the CEP’s work (Orheim et al. 2011;
Sanchez and Mclvor 2007).

1.4.2 Other International Legislation

The 1946 International Convention for the Regulation of Whaling was the first
piece of legislation to protect any aspect of Antarctic ecosystems. It placed a
global moratorium on commercial whaling in 1982 (which came into force in
1986), and, in 1994, it established the Southern Ocean Whale Sanctuary, in the
area roughly south of 40°S. The conservation measures of the 2001 Agreement on
the Conservation of Albatrosses and Petrels (ACAP), especially those concerning
fishing practises and protecting bird habitats, are also applicable to the Antarctic
region. ACAP aims to prevent the decline of migratory bird populations and is a

! Except in accordance with a permit or for food.



16 T. Tin et al.

daughter agreement of the Convention on the Conservation of Migratory Species
of Wild Animals (also known as the Bonn Convention).

A number of other international environmental agreements of global or regional
scope are also relevant to at least parts of the Antarctic region (Bastmeijer 2003).
These include the 1973 Convention on International Trade in Endangered Species
of Wild Fauna and Flora (CITES), the 1992 UN Framework Convention on
Climate Change (UNFCCC) and the environmental stipulations on shipping of the
International Maritime Organisations (IMO) (Molenaar 2005). Antarctic Treaty
parties have previously agreed on the importance of ensuring proper co-ordination
with these global environmental agreements and have identified that the primary
responsibility for ensuring such co-ordination lies with those Antarctic Treaty par-
ties that are parties to the other agreements (ATCPs 1994). In reality, the degree of
co-ordination with other international agreements varies, and is particularly sensi-
tive to sovereignty issues and the prerogatives of the ATS (Guyomard 2010).

1.4.3 Non-binding Guidelines and Codes of Conduct

A wide range of non-binding guidelines and codes of conduct have been devel-
oped to aid with management of different human activities or specific locations.
The CEP has developed a range of guidelines for Treaty parties to reduce human
impact upon Antarctica’s ecosystems, such as the Guidelines for the Operation
of Aircraft Near Concentrations of Birds in Antarctica (ATCPs 2004). However,
many of the guidelines on the practical implementation of Treaty legislation have
been developed by individual nations and applied only to their own operations or a
limited number of other parties’ operations. As a result, standards of environmen-
tal practice are not consistent across the national operations within the Treaty area.

The Scientific Committee on Antarctic Research (SCAR 2009; SCAR 2011a, b)
has developed codes of conduct for the use of animals for scientific purposes and
for land-based scientific field research, as well as guidelines for the exploration of
sub-glacial aquatic environments. Codes of conduct have also been developed as
part of the management plans of Antarctic Specially Managed Areas (ASMAs), for
example in the cases of the McMurdo Dry Valleys and Deception Island (Pertierra
et al. 2013).

The regulation and management of tourism activities rely heavily on the devel-
opment of general industry and site-specific guidelines created by the International
Association of Antarctica Tour Operators (IAATO) (Maher 2008). These are created
partly in consultation with the Treaty parties. General industry guidelines include vis-
itor codes of conduct (IAATO 2008), restrictions to the number of passengers allowed
ashore at any one time (IAATO 2009), minimum approach distances for wildlife (see
Mabher 2008) and quarantine guidelines to reduce the risks of introduction of disease
and non-native species (IAATO 2007). Furthermore, site-specific guidelines have
now been adopted by the ATCM as non-binding resolutions for 37 of the most visited
locations in the Antarctic to manage biophysical impacts (ATS 2013b).
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1.5 Conclusions

Human activities in the Antarctic region have changed considerably over the
last two centuries. They have had, and continue to have, profound impacts on
Antarctica’s ecosystems, from the withdrawal of biomass, harmful emissions to
soil, sea and atmosphere and disturbance of wildlife, vegetation and soil. Over
time, a complex set of binding and non-binding institutional arrangements have
been developed that govern human activities, including environmental impacts,
in Antarctica in ways that have become increasingly focused on protecting
Antarctica’s ecosystems and its intrinsic values. From this brief historical over-
view a range of questions arise regarding future human engagement with the
Antarctic environment. Will the recent trend towards environmental protection
through the current governance arrangements prevail in the future, or will we see
a trend towards intensified resource exploitation, or will hybrids of governance/
exploitation develop in different regions or for different ecosystems? How will the
different human activities in Antarctica develop in the future and what will be the
implications for Antarctica’s ecosystems, environment and natural values? What
does the future hold for areas that are already intensively used, or for areas that
are presently still relatively little visited? It is these questions and the debates sur-
rounding them that the remainder of this volume seeks to address.
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Chapter 2
Human Impacts to Antarctic Wildlife:
Predictions and Speculations for 2060

Eric J. Woehler, David Ainley and Julia Jabour

Abstract Four broad categories of human activities that presently threaten Antarctic
wildlife in the Antarctic were identified: (1) tourism and non-governmental
activities, (2) scientific research, (3) commercial fisheries and (4) whaling. Two
further broad categories of threats that originate from multiple forms of human
activities are: (1) shipping-related impacts and (2) the introduction of non-native
species or disease-causing agents. These threats are not mutually exclusive, and
there are various interactions and synergies present amongst them. We have not
incorporated climate change into the assessment of each of these, but briefly
assess the hierarchical contribution of climate change to other threats. We confi-
dently expect an expansion of virtually all anthropogenic activities in the Antarctic
(primarily tourism, research and fisheries) in the next 50 years. The threats will
also increase in their complex synergies and interactions, giving further increasing
urgency to adopting a more precautionary approach to managing human activities
in the Antarctic. We present predictions for 2060 and list suggested proactive man-
agement and conservation strategies to address the predicted threats to Antarctic
wildlife and their environment.
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2.1 Introduction

With no native human population in the Antarctic or on the peri-Antarctic islands,
resident wildlife have evolved in the absence of human hunters, the pressures aris-
ing from habitat modification and the predation from domesticated vertebrates that
are all common throughout the rest of the world. In this chapter, we aim to predict
and speculate on potential direct impacts of human activities to Antarctic wildlife
in 2060, based on our understanding of current impacts, and with a continuation of
Business-As-Usual in the spectrum of existing anthropogenic activities; we do not
examine the direct effects of climate change, but note its potential synergistic and
hierarchical role with other impacts.

Our focus is on the areas south of the Antarctic Polar Front. We confine our
discussions to those species for which contemporary data permit assessment of
current and future threats and impacts, i.e. vertebrate species (seabirds, marine
mammals and finfish), and include one invertebrate species for which there is a
substantial commercial fishery, Antarctic krill (Euphausia superba).

2.2 Methodology, Qualifiers and Challenges

Our contemporary state of knowledge regarding human impacts on wildlife is
based on three decades of studies on relatively few species that have generated
widely disparate results (see de Villiers 2008, for a detailed review and list of the
extensive literature). Predictions about threats and their impacts 50 years into
the future, therefore, are substantially qualified. If researchers had been asked to
undertake similar predictions in 1961—coincident with the Antarctic Treaty com-
ing into force—for 2010, they would have been unlikely to predict the develop-
ment of commercial tourism, the extent of research stations and the complexity
of the associated and obligatory infrastructures, the scale of commercial krill and
finfish fisheries, and the impacts from global warming.

The dramatic developments in technology and engineering since 1961 will
be negligible compared to those advances that will occur in the next 50 years, so
we may confidently predict unpredictable situations and circumstances that are
beyond our current understanding or even our capacity to foresee. Clearly, lack of
such foresight provides both a challenge to making predictions and an opportunity
to speculate beyond what may appear likely today. To address the constraints, we
incorporate results from reviews of human impacts to wildlife with observed and
predicted trends in various human activities in the Antarctic and (where relevant,
on the peri-Antarctic islands).

Our assessments are based on the available information in numerous wildlife
impact studies (de Villiers 2008, lists well over 100 studies). Herein, we review stud-
ies on the efficacy of current Antarctic environmental regimes, examine trends of
various human activities and draw upon our (EW: 32, DGA: 43 and JJ: 20) years of
collective experience working in the fields of Antarctic and Subantarctic biology.
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Since the 1980s, researchers have investigated the scale, duration and intensity
of impacts to wildlife associated with human activities in the South Polar Region.
A high number of studies examined physiological and behavioural responses by
seabirds and seals in reaction to a range of human activities. Notable milestones
include Benninghoff and Bonner (1985), Fraser and Trivelpiece (1994, sea-
bird researchers), Kennicutt (1996, science and operations), Hofman and Jatko
(2000, cumulative impacts from commercial tourism activities), United Nations
Environment Programme (2002, persistent toxic chemicals) and Kerry and Riddle
(2009, disease). Recent comprehensive reviews include de Villiers (2008), Tin
et al. (2009) and Aronson et al. (2011). It is important to note that virtually all of
the research on human disturbance has been limited to vertebrates, typically pen-
guins (particularly Adélie penguins Pygoscelis adeliae) and seals at their breed-
ing or haul-out sites. A greater range of species comprising procellarids, skuas
and cormorants has recently been studied (de Villiers 2008), but little research has
been undertaken on other taxa.

Headland (2009) provides a detailed listing of human activities in the Antarctic
from the earliest records to the International Polar Year 2007-2009. Statistics in
the public domain are available from the International Association of Antarctica
Tour Operators (IAATO, commercial tourism since 1992), Commission for the
Conservation of Marine Living Resources (CCAMLR: commercial fishing since
1970), and Council of Managers of National Antarctic Programs (COMNAP:
infrastructure currently in use by National Antarctic Programs); see also
Summerson and Riddle (2000).

A recent assessment of the functioning of the Committee for Environmental
Protection (CEP) established under the Protocol on Environmental Protection to
the Antarctic Treaty (also known as the Madrid Protocol) by Orheim et al. (2011)
was complemented by that of Grant et al. (2012). Bastmeijer and Roura (2008)
undertook a systematic examination of the strengths and weaknesses of the cover-
age and application of the Protocol’s Annex I concerning Environmental Impact
Assessments (EIAs). Hemmings and Kriwoken (2010) examined the limitations
in coverage, compliance and effectiveness of high-level Antarctic Environmental
Impact Assessments (EIAs), while Roura and Hemmings (2011) and Marsden
(2011) each argued for Strategic Environmental Assessments. Annex II of the
Protocol, dealing with the conservation of Antarctic flora and fauna was revised in
2009 but has yet to enter into force. Hughes and Convey (2010) examined the cur-
rent practices to prevent the transfer and introduction of non-indigenous species to
the Antarctic. Goldsworthy and Hemmings (2009) reviewed the efficacy of Annex V
dealing with area protection and management. One weakness identified by them,
that of the need to add Marine Protected Areas (MPAs) to the Antarctic Specially
Protected Area (ASPA) network has seen some recent developments. A strategic
overview of national, regional (i.e. Antarctic Treaty System, ATS) and global law
touching on the Antarctic environment is provided by Hemmings (2011a).

We describe the intensities of a wide range of current anthropogenic activities
that impact on Antarctic wildlife, and summarise the current efforts to minimise
them. Based on current trends and impacts, we present predictions for 2060 and
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suggest proactive management and conservation strategies to address the predicted
threats to Antarctic wildlife. While we are confident that all anthropogenic activi-
ties in the Antarctic will expand in the next 50 years, we are equally confident
that the conservation and management of the Antarctic environment and the values
of the people responsible for the task will also vary and evolve in the decades to
come. As a result, some of our suggestions for conservation strategies may lose
their relevance. We are also confident that climate change, globalisation and other
global phenomena will have increasing effects on the Antarctic. In addition, in this
chapter, we do not attempt to make value judgments of the significance of impacts
or whether the benefits of an activity outweigh its impact. While a discussion of
global influences on Antarctic wildlife deserves a more in-depth treatment than we
can afford in this chapter, we dedicate Sect. 2.4.1 for a discussion of the synergies
that climate change is likely to have with the threats associated with human activi-
ties taking place in Antarctica.

In this chapter, we adopt the term ‘threat’ to identify anthropogenic activities
that may adversely affect the distribution and abundance of a taxon between the
present and 2060. This includes activities that can cause a significant decrease or
loss in the quality and quantity of required habitat, disrupt ecosystem services and
functions, or result in a significant decrease in population sizes (e.g. by affecting
breeding success and/or survival).

2.3 Contemporary Impacts to Antarctic Wildlife
from Human Activities: Management and Gaps

Based on information from wildlife impact studies, we identify four broad catego-
ries of human activities that presently threaten Antarctic wildlife and two broad
categories of threats that originate from multiple forms of human activities in the
Antarctic. In no particular order or ranking, they are:

1. Tourism and non-governmental activities

Began in the 1960s and increasing significantly in the last two decades, com-
mercial tourism now brings the highest number of people to the region. During the
2010/2011 season, just under 34,000 paying tourists travelled to Antarctica; more
than 95 % of them travelled on cruise ships. About 40 % of the tourists stayed on-
board their ship or aircraft during the entire voyage. Over 18,000 cruise ship pas-
sengers landed and visited tourist sites on the Antarctic Peninsula (IAATO 2012a).
In general, the majority of tourist visits take place on the Antarctic Peninsula and
adjacent localities, primarily between October and March, but all areas of the
Antarctic Continent and many peri-Antarctic islands are visited and some sites are
visited at other times of the year (Jabour 2009).

Travelling with the paying passengers are also approximately 10-20,000
staff and crew members (Tin et al. 2013), with a typical guide to tourist ratio of
1:20 while onshore, although this may vary amongst operators (IAATO 2012b).
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Primary destinations are wildlife concentrations (seabird colonies and seal haul-
outs), with multiple groups of tourists walking to the vicinity of the animals. The
arrival of several cruise ships at the same site on the same day is possible at fre-
quently visited sites, although under industry (IAATO 2012b) and site-specific
guidelines (ATS 2012a), this practice is discouraged. However, no such guidelines
or rules exist for private, independent expeditions to Antarctica. These are possibly
of greater concern because of the lack of controls on their activities (Murray and
Jabour 2004; Sandelson 2011).

Possible impacts of tourism on wildlife include disturbance of animals as a
result of frequent visit on foot, introduction of diseases and non-native species and
disturbance and pollution linked to ship and aircraft operations (e.g. Hofman and
Jatko 2000; Stewart et al. 2005; de Villiers 2008; Australia 2009). However, little
coordinated long-term monitoring and research exists, available data are at least
partly contradictory (de Villiers 2008) and consequently our current understanding
on long-term population effects and comparison to disturbances caused by intra-
and inter-species interactions are minimal. Tourism activities are diversifying and
the development of permanent, tourism-dedicated land-based infrastructure has
been considered, although it is not supported by the Antarctic Treaty Consultative
Parties (Bastmeijer 2007; Bastmeijer et al. 2008; IAATO 2008).

2. Scientific research activities, including infrastructure construction, support
operations and logistics

Scientific research efforts and the construction of permanent research stations
accelerated during and following the International Geophysical Year in 1957/58
(Tin et al. 2013). According to the Council of Managers of National Antarctic
Programs (COMNAP 2012a), there are currently approximately 100 active
research facilities (all-year and summer stations, field camps and refuges) in the
Antarctic Treaty area.

Station footprints encompass a wide range of facilities and evidence of their
use (e.g. runways, fuel storage and roads/tracks and exhaust from diesel power sta-
tions). Most stations are built on ice-free areas, in many cases occupying areas pre-
viously used for nesting and moulting seabirds, and for pupping and moulting by
fur seals and seals. All stations combined, it is estimated that there is a maximum
simultaneous accommodation capacity for 5,000 people during summer (October
to March) and 1,000 during winter (cf Jabour 2009). Stations built since the
Madrid Protocol came into force will have had some form of a national EIA under-
taken for their construction and operation (see http://www.ats.aq/devAS/ep_eia_
list.aspx?lang=e for all such assessments in the public domain). These
assessments determine the scale and intensity of any environmental impacts,
including those on local wildlife in the proximity of the station.

Stations have typically served as foci for local and regional research activities,
acting as logistic hubs for fieldwork farther into the Antarctic wilderness. Almost
all stations have a highly localised impact on their immediate environment, espe-
cially before the entry into force of the Madrid Protocol (Bargagli 2008). Since
then, the footprints of some stations have stabilised while others have expanded
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or intensified (e.g. Peter et al. 2008; Kennicutt et al. 2010; Chwedorzewska and
Korczak 2010; Klein et al. 2013). Joint facilities are rare, despite the seeming
benefits in reducing human footprint (Hemmings 2011b). As noted, field research
activities will also make use of temporary or permanent field camps away from
stations. Data on the locations and use of field camps or the environmental guide-
lines that are applied to their operations are sparse and not regularly updated.

Fuel spills are one of the most widespread sources of contamination near
research stations and refuelling areas (Bargagli 2008). Sewage discharged from
stations is in most cases only lightly treated. High levels of polybrominated diphe-
nylether (PBDE) have been found in fish living near a sewage outlet (Hale et al.
2008). Untreated sewage and other discharges from stations may introduce poten-
tial for disease transfer to environment (Barbosa and Palacios 2009; Kerry and
Riddle 2009; Grimaldi et al. 2010; Hughes et al. 2013). Toxins such as asbestos
and polychlorinated biphenyls (PCBs) are being released from decaying infrastruc-
ture and disused waste dumps with unknown impacts on wildlife and ecosystems
(Tin et al. 2009). Construction has damaged breeding and roosting habitats (e.g.
Wilson et al. 1990; Micol and Jouventin 2001; Woehler 2006; Braun et al. 2013).

Wildlife living in proximity to stations may become disturbed by interactions
with humans while others have developed some habituation. Use of ships, zodiacs,
aircrafts and other machinery can disturb wildlife (de Villiers 2008 and references
therein). Research activities that involve banding, tagging, instrument attachment
or handling of animals (primarily seabirds and seals) may stress the animals,
though in most cases, relatively few individuals are involved and population-level
effects have not been documented (Tin et al. 2009 and references therein).

Marine acoustic research and underwater construction activities can generate
underwater noise at levels that disturb marine mammals, adversely affect hear-
ing of diving seabirds (Cooper 1982; Woehler 2004), disturb birds foraging near
breeding sites, and disperse prey in water, potentially reducing foraging efficiency.

3. Commercial fisheries
(a) Regulated fisheries and general fisheries impacts

Extensive fisheries were once present on the insular shelves of peri-Antarctic
islands and the northern Antarctic Peninsula, but after overfishing destroyed many
stocks, these were shut down (Koch 1992). Now only limited to small finfish fish-
eries for Patagonian toothfish (Dissostichus eleginoides) and mackerel ice fish
(Champsocephalus gunnari) that remain in those areas, replaced to some degree
by a burgeoning Antarctic krill (Euphausia superba) fishery centered in the Scotia
Sea region. New ‘exploratory’ fish—fish fisheries for Antarctic toothfish (D. maw-
soni) have begun to operate increasingly farther south, extending into the Ross Sea
and elsewhere along the continental slope (CCAMLR 2010). Fishery operations
occur year-round, depending on area closures, target species and sea ice pres-
ence and conditions. The total reported catches for 2010/11 were 179,131 tonnes
of krill, 11,254 tonnes of toothfish and 11 tonnes of icefish within the CCAMLR
area (CCAMLR 2011a). Improper fisheries management is a major challenge to
the Antarctic marine ecosystem’s integrity (Miller 2013).
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Bycatch species comprise seabirds, Antarctic rock cods, macrourid fish, skates
and rays, sponges, corals and other benthic invertebrates. The most direct impacts
have arisen from harm to the seabed by long lines, in some cases scraping clean
several sea mounts, and over-fishing, with corresponding alteration of food
webs. Depleted fish stocks have failed to recover even after 20 years of no fish-
ing (Marschoff et al. 2012). CCAMLR practices a form of ecosystem based man-
agement for species it views as ‘forage’, e.g. krill, and employs an Ecosystem
Monitoring Programme (also known as CEMP) to help inform management
(Constable et al. 2000). However, CCAMLR resorts to a single-species maxi-
mum sustainable yield (MSY) strategy for finfish, which it views as ‘predatory’,
but with no monitoring programme in place (Constable et al. 2000). CCAMLR
introduced Conservation Measures to protect shallow habitats (<550 m) from
long-lines and trawls in 2008 and restricted fishing in areas of high concentra-
tion of what it calls, ‘vulnerable marine ecosystem’ species (corals etc.) in 2009,
30 years after the Convention came into force. Therefore, further damage to
what is left should be minimal hereafter. Recovery of damaged stocks is at best
uncertain.

Drawing on results elsewhere (e.g. Baum and Worm 2009), effects on top
predators from fishing may come from competition for and reduced availability
of preferred prey species, and altered ecosystem structure and functions, with con-
comitant cascading effects of reduced top predator species as seen in bank and reef
ecosystems (Ainley et al. 2012). Almost all krill fishing occurs where land-based
and marine-based predators forage or used to forage (ASOC 2010). Thus, while
the overall take of krill may be relatively low from a Southern Ocean stock-size
perspective, the spatial and temporal concentration in these important predator
foraging areas can have disproportionately high effects, competing with predators
for prey at critical periods during the year. Fishing operations are a key source of
plastic debris in the Southern Ocean (Ivar do Sul et al. 2011). Loss and discard of
fishing gear results in marine debris that can entangle wildlife (e.g. Ainley 1990;
Auman et al. 2004; Hofmeyr et al. 2006). Shipping operations can also disturb
wildlife nearby (see item 5).

(b) Illegal, unreported and unregulated (IUU) fisheries

IUU fisheries do not comply with established conservation measures, greatly
exacerbating the general impacts arising from fishing operations described above.
IUU fisheries operate throughout the Southern Ocean and extend northward
into subantarctic and temperate waters. By the early 2000s, the total IUU catch
for Patagonian toothfish was estimated to be at least double the legal catch, and
exceeded the aggregate global limit recommended for regulated fisheries in all
CCAMLR waters (Tin et al. 2009). Through CCAMLR’s efforts, [UU fishing has
decreased in recent years. In 2009/2010, total IUU catches were estimated to be
just over 10 % of total reported catch. However, [UU operations also appear to have
shifted southwards and in some areas, catches were estimated to be up to 10 times
that of reported legal catches. There is concern that CCAMLR appears to be unable
to control further IUU fishing in the Southern Ocean (CCAMLR 2011c¢).
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4. Whaling

The International Whaling Commission (IWC) established a global moratorium
on commercial whaling in 1986 and the Southern Ocean Whale Sanctuary in 1994.
Between 1987 and 2009, Japanese vessels took over 9000 minke (Balaenoptera
bonaerensis) and 14 fin (B. physalus) whales in the Southern Ocean Whale
Sanctuary under scientific ‘Special Permits’, despite widespread criticism of the
validity of the science being used as justification (Gales et al. 2005; Clapham et al.
2007). All sampled animals have been killed.

The direct effect of past commercial whaling and sealing has had major
impacts to the Southern Ocean ecosystem, including impacts on ecosystem pro-
ductivity (e.g. increasing ocean productivity by recycling iron, Nicol et al. 2010)
and cascading effects on food webs (Emslie and Patterson 2007; Baum and
Worm 2009). Recovery of fur seals (Arctocephalus spp.) and humpback whales
(Megaptera novaeangliae) is having complex effects on trophically compet-
ing species, obscuring other effects from climate change (Ainley et al. 2010a;
Trivelpiece et al. 2011; Trathan et al. 2012). While current Special Permit whal-
ing removes a relatively low number of whales, its concentration along continen-
tal shelf-breaks along just one-third of the Antarctic circumference amplifies the
ecological impact.

Recent proposals to increase the take to 1,000 minke whales per year, in con-
junction with an expansion to take humpback whales, has been met with intense
public outcry and vigilante action, causing even governments to voice opposition
(McCurry 2012; Rothwell 2012). Other than hesitance to take humpback whales,
the whalers have not responded. In addition, uncertainties exist as to the future of
the global moratorium on commercial whaling and Special Permit whaling, which
is the subject of a case currently before the International Court of Justice (ICJ 2012).

We have also identified two broad types of threats to wildlife that arise from
multiple activity types:

5. Shipping-related impacts

Ships are used extensively by tourism operators, fishing operations and
National Antarctic Programs to access and to work in the Antarctic and surround-
ing waters. Fuel spills from ships that run aground or sink can have severe and
long-lasting impacts on marine wildlife (e.g. Eppley and Rubega 1989, 1990;
Kennicutt and Sweet 1992; van den Brink and de Ruiter-Dijkman 1997; Ruoppolo
et al. 2012). Bird strikes with vessels and ship collisions with cetaceans can cause
injury and mortality (Black 2005; van Waerebeek et al. 2007). Ships’ hulls, bal-
last water and sea chests are the primary means of introducing non-native marine
organisms (Lee and Chown 2007, 2009).

Anti-fouling toxins applied on ship hulls may have adverse effects on marine
species and ecosystems that are as yet unknown for the Southern Ocean. Ship traf-
fic creates underwater noise that is likely to be audible to animals under the sea
surface. The severity of impacts is related to the species concerned, the timing of
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the shipping activity relative to the breeding season of the species, and the distance
from wildlife concentrations (de Villiers 2008).

Fishing vessels are the primary source of marine plastic debris within the
Antarctic region. Fishing materials are generally not biodegradable and conse-
quently are present in the ocean year-round and may persist for decades, leading to
mortality and morbidity of relatively low numbers of seals and birds from inges-
tion and entanglement (Ainley 1990; Auman et al. 2004; Ivar do Sul et al. 2011).
Marine debris can also serve as substrate for the transfer and introduction of non-
native organisms that have the potential to alter ecosystem structure (Barnes and
Fraser 2003; Gregory 2009).

6. Introduction of non-native species or disease-causing agents

While it is unlikely that unintentional introduction would lead to establishment
of non-native vertebrates in the Antarctic because of the harsh climate (but see
Headland 2012), the transport and dissemination of micro-organisms is an inevita-
ble consequence of human presence in the Antarctic (Cowan et al. 2011). Visitors’
clothing and personal belongings, vehicles, aircraft and ship holds, imported
food, cargo and building materials are all viable pathways of transportation of
non-native plant propagules (Hughes and Convey 2012 and references therein).
Untreated sewage and other discharges from stations and ships may introduce
pathogens to which native species have never been exposed and have developed no
immunity (Smith and Riddle 2009). Researchers who come in contact with wild-
life may carry and transfer disease-causing agents (Grimaldi et al. 2010).

It is important to note that these threats are not mutually exclusive, and there
are various interactions and synergies present amongst them. We have not incorpo-
rated climate change into the assessment of each of these, and confine our predic-
tions and discussions regarding this issue to Sect. 2.4.1.

Current terrestrial threats to Antarctic wildlife are largely confined to the ice-
free areas around the periphery of Antarctica, which represent approximately 0.3 %
of the surface area of the continent (Tin et al. 2009). Impacts also largely occur
during the summer months, October to March, inclusive. The breeding seasons for
most seabirds (excluding king Aptenodytes patagonicus and emperor penguins A.
forsteri) and marine mammals that breed ashore coincide with the peak in human
activities, human visitor numbers and associated logistic support efforts. The logis-
tical support from research and supply vessels is largely confined to the summer
months, being dependent on the break-up of the winter sea-ice before most ves-
sels can approach the Antarctic continent. Thus, any adverse effects associated with
vessels (bird strikes or noise, for example) are confined to the summer months.

Table 2.1 summarises some of the current management and conservation strate-
gies that seek to minimise or mitigate these six selected threats. In the following
Sects. 2.3.1-2.3.6, we describe current trends and our predictions for 2060 based
on a Business-As-Usual scenario. Finally, a number of proactive management
and conservation strategies are listed to address, minimise or prevent our 2060
predictions.
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2.3.1 Tourism and Non-governmental Activities

2.3.1.1 Current Trends and Impacts Predicted for 2060

Commercial tourism has been increasing in spatial and temporal extent over the
last three decades, with a concomitant increasing spectrum of activities, increas-
ing number of wildlife species exposed to, and potentially disturbed by tourism
activities. Since 2008, the number of tourists travelling to Antarctica decreased as
a result of the global financial crisis. In 2009, IAATO projected that the increase
would resume. Nonetheless, there was still a 30 % decrease in tourist numbers
between the 2008/2009 and 2010/2011 seasons (IAATO 2012a).

There have been few programmes of comprehensive and long-term research
and monitoring of environmental impacts of Antarctic tourism (e.g. Naveen 1996;
Lynch et al. 2010). In the face of this lack of conclusive evidence, some Antarctic
Treaty parties are not willing to take precautionary action to minimise tourism
impacts, nor are they investing the requisite resources in monitoring programmes
that could provide these fundamental scientific data necessary to inform manage-
ment decisions (ASOC 2011a).

Based on current trends, we conservatively project that there will be 120,000—
160,000 visitors to Antarctica annually by 2060. This projection may appear high,
but it is barely twice the peak of visitors to the Antarctic before the most recent
financial crisis. A recovery to double the previous peak over the next 50 years
is realistic in light of the previous growth in Antarctic tourism. We also forecast
that there will be an increasing number of vessels. Large vessels may have an
advantage as a result of economy of scale as costs of compliance with interna-
tional law increase (Jabour 2013). However, the ban on the use of heavy fuel oils
by ships transiting the Antarctic area is likely to reduce the number of very large
(500 + passengers) vessels.

We further expect that there will be increased numbers of tourist flights to more
areas over greater periods of each year and not primarily confined to summer
months, as is the current situation. It is possible that land-based tourism will also
develop, leading to increased permanent infrastructure, with concomitant increase
in risk of pollution and damage to wildlife habitat (Bastmeijer et al. 2008). In
general, we project there to be an increasing range and spectrum of human activi-
ties that would increase the potential for disease and other species’ introductions
due to rapid transit of tourists and their gear from elsewhere on the planet (e.g.
Curry et al. 2002; Frenot et al. 2005; Bergstrom et al. 2006 and references therein;
Frenot et al. 2008).

2.3.1.2 Management Needs for 2060

Many suggestions on how to manage Antarctic tourism have been pro-
posed (e.g. Hemmings and Roura 2003; Bastmeijer and Roura 2004; Liggett
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et al. 2010; Jabour 2013). In our opinion, in order that commercial tourism activities
do not result in harmful interference on Antarctic wildlife and ecosystems, it would
be necessary to manage tourism proactively, and to a greater extent than currently.
There needs to be more active involvement by the Antarctic Treaty Consultative
Parties in the regulation of the tourism industry, starting with the development of a
strategic vision on tourism in Antarctica (sensu Amelung and Lamers 2006). Greater
constraints need to be established to reduce the number of sites visited, the number
of visitors ashore and the ratio of tourists to guides ashore. At all wildlife sites, site-
specific and species-specific guidelines for visitors need to be adopted, implemented
and enforced. Resources need to be made available in order that the impacts of all
aspects of commercial tourism can be assessed objectively and independently.

The Madrid Protocol requires that EIAs are undertaken before the start
of any activity, and that cumulative impacts (temporal and spatial) and other
ongoing and future activities (including research) need to be incorporated
into management considerations. This requirement needs to be implemented.
Where it is not possible to predict cumulative impacts a priori with reliabil-
ity, monitoring programmes need to be established in order to detect impacts
in time and space so that remedial action can be taken (Hofman and Jatko
2000). Until scientifically valid and independent data are available, tour-
ism activities need to be managed with a precautionary approach, e.g. by
increasing minimum approach distances to wildlife from 5 to 20 m to allow
for the current uncertainty. Tighter biosecurity protocols need to be adopted,
implemented and legally enforced (see Sect. 2.3.6). In addition, regional zona-
tion with specified inviolate (i.e. no-research, no-tourism, no-entry) sites
needs to be used to protect wildlife and other environmental values (e.g.
wilderness and aesthetic: Summerson and Riddle 2000).

2.3.2 Scientific Research and Associated Logistics

2.3.2.1 Current Trends and Impacts Predicted for 2060

The Madrid Protocol entered into force in 1998 and has significantly reduced
the environmental impacts of scientific research and the activities of National
Antarctic Programs (e.g. Bargagli 2008; Kerry and Riddle 2009). More than a dec-
ade later, gaps in its implementation still remain—e.g. no EIA appears to have pre-
vented or modified any proposed activity (Hemmings and Kriwoken 2010), only a
few abandoned sites have been cleaned up, with only a few of them involving the
full remediation of contaminated soils and sediments (Tin et al. 2009) and there is
a general lack of compliance at some locations (e.g. Peter et al. 2008; Braun et al.
2012). Concomitant with these gaps in implementation, has been the increasing
human presence in the Antarctic.

Following current trends, we forecast that there will be increasing numbers of
year-round and summer stations, researchers and support staff, support vessels and
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flights and all forms of vehicular traffic and subsequently, increasing volumes of
fuel consumption and storage requirements. These will all contribute to greater
spatial footprints of research stations and activities, increased local pollution and
disturbance from station and operations and greater realised and potential distur-
bance to wildlife, assuming that no additional steps are taken to minimise their
effects. There will also be associated deterioration of the wilderness values of
areas close to these stations.

Chemical contamination from past decades is likely to continue to adversely
affect the environment. We expect an increased potential for disease and other
species introductions due to the rapid transit of researchers and their field equip-
ment and personal gear (Frenot et al. 2005, 2008; Bergstrom et al. 2006 and refer-
ences therein; Grimaldi et al. 2010). National Antarctic operations may be subject
to future budget cuts, which could lead to varying reductions in construction and
logistics activities, however, a wide range of effects (comprising reductions in sci-
entific research, logistics, environmental management or construction and new
facilities) remain possible (Sdanchez and Njaastad 2013).

2.3.2.2 Management Needs for 2060

Many suggestions have been proposed on how to improve the implementation and
compliance to the Madrid Protocol (e.g. Hemmings and Roura 2003; Bastmeijer
and Roura 2008; Tin et al. 2009; Roura and Hemmings 2011). In our opinion,
to minimise the potential that scientific research and its supporting logistics will
result in harmful interference on Antarctic wildlife and ecosystems, it would be
necessary that all aspects of station activities and operations are managed proac-
tively, with a greater integration of the impacts from commercial tourism activi-
ties (where present) to more appropriately assess cumulative impacts over time
and space of all human activities in an area, past, present and future. This would
ensure that impact assessments address cumulative impacts (temporal and spatial)
and include commercial tourism activities where relevant in order that the ETIA
process can work effectively as a gatekeeper. As Hemmings and Roura (2003)
noted, ‘Impact assessments should identify any uncertainties and assumptions con-
cerning possible temporal and spatial impacts, and describe the research or moni-
toring that will be done to resolve the uncertainties and validate the assumptions.
If other activities are occurring or likely to occur where they could have additive
effects, the impact assessment should reference those activities and describe the
research and monitoring that will be done to be able to distinguish those effects
from the effects of the activity for which the impact assessment was done’. A
standardised understanding and measurement of stations ‘footprint” would assist in
impact assessments and management implications.

Objective assessments of the threats and cumulative impacts to Antarctic
wildlife from all aspects of research programmes must be more fully incorpo-
rated into research protocols, and station and local protected area(s) management
plans. Additional long-term population studies to assess long-term trends and to
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distinguish the effects of climate change, fisheries, tourism and other activities in
the Southern Ocean should be established to complement existing decadal-scale
seabird and seal studies. Such long-term studies could contribute to regional zon-
ing for wildlife and other values, with some high-conservation value sites off-lim-
its to all visits from both research and tourism. Remotely sensed data could be
used to facilitate monitoring of wildlife populations inside these restricted areas.

The Antarctic Treaty Consultative Parties conduct site and compliance inspec-
tions in accordance with Article VII of the Treaty and Article 14 of the Madrid
Protocol (Sanchez and Njaastad 2013). A recent preliminary evaluation of the
value of these inspections in fostering protection of Antarctic values has found
that while the number and scope of inspections was adequate, the process was fun-
damentally flawed without a mechanism for applying sanctions for poor environ-
mental compliance (Jabour 2012a). The so-called ‘no-blame policy’ may be ideal
diplomatically for keeping the peace amongst parties, but it is unhelpful environ-
mentally. To make a real difference to environmental protection, this approach
must change.

More countries should investigate the potential for greater use of renew-
able energy sources. Examples include hydroelectric power at Grytviken, South
Georgia (Morrison 2006), wind turbines at Mawson Station (Australian Antarctic
Division 2011), McMurdo-Scott Base (Antarctica New Zealand 2011) and at var-
ious field sites (Tin et al. 2010; Sanchez and Njaastad 2013). Wind energy will
reduce the volume of fuels required for station operations and may reduce the
likelihood of fuel spills, but must be considered in the light of potential for bird-
strikes. It would be very useful to obtain objective risk assessment information for
future clean-up and remediation programmes that is specifically relevant to the
Antarctic environment (Tin et al. 2009). Because the Madrid Protocol allows that
clean up efforts only take place if in doing so, they do not create, ‘greater adverse
environmental impact’ [Annex III, Article 1.5(b)], it will not be possible to reme-
diate all past and current waste disposal and abandoned work sites.

2.3.3 Commercial Fisheries

2.3.3.1 Current Trends and Impacts Predicted for 2060

Longline fishing effort has increased markedly in the Southern Ocean during the
last 20 years. The average effort between 2000 and 2009 is more than 300 % that of
the previous decade (CCAMLR 2011b, 2012). There has been a dramatic increase
in the mean depth of the fish catch which has recently stabilised, clearly reflect-
ing the collapse and the implementation of fisheries restrictions for some shallower
water fishes in the late 1980s, and increased landings of the deep-water toothfish
(Dissostichus spp) during late 1980s (Morato et al. 2006; Ainley et al. 2012).

The krill catch has remained relatively stable for 17 years until 2009, at which
time it nearly doubled (Nicol et al. 2012). While CCAMLR’s efforts have reduced
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IUU catches markedly since the early 2000s, IUU operations continue to evolve
despite CCAMLR’s controls. IUU operations are moving farther south, fish-
ing in areas where little or no regulated fishing occurs. Gillnets are used and the
extent of by-catch of fish and seabirds and the impact on benthos are unknown
(SC-CAMLR 2010a).

We forecast that regulated fisheries will continue to expand, although rising
fuel costs may reduce some fishing effort (Pauly et al. 2003; Fabri and Gascén
2008). TUU fishing will not be eradicated. Combined IUU and regulated fisher-
ies will be unsustainable for long-lived demersal species, resulting in some current
target species being unable to remain commercially viable (Briggs 2011). Long-
term viability of many seabird species and some killer whale ecotypes may be
jeopardised (Tuck et al. 2003; Guinet and Tixier 2011). Novel species, e.g. myct-
ophids or silverfish (Pleuragramma antarcticum), are likely to be targeted or sub-
jected to increased fishing pressure as currently targeted species and populations
are overfished, protected or become economically unviable.

The krill fishery is likely to expand as more efficient krill fishing technology
and more lucrative krill products are developed (Nicol et al. 2012). If the krill fish-
ery does expand substantially beyond its present level, we forecast that there will
be more general and substantial population and ecosystem effects on its predator
and associated species. These effects are likely to be exacerbated by the effects of
climate change (Atkinson et al. 2008; Kawaguchi et al. 2009, 2011) and the recov-
ery of depleted whales (Ainley et al. 2010a; Leaper and Miller 2011; Trivelpiece
et al. 2011). Recovery of depleted fish stocks is likely to be slow (Marschoff et al.
2012), especially in the face of a rapidly changing Southern Ocean, and at best
will attain levels well below pre-exploitation levels. Benthic communities, once
populated by 1,000-year old organisms, but destroyed by long-lines will not fully
recover. Food webs and ecosystem structure will remain altered.

2.3.3.2 Management Needs for 2060

First and foremost, the broad consensus amongst fishery biologists and managers
is that spatial management of fisheries, e.g. the designation of ecologically mean-
ingful MPAs, is required for effective management of live-capture marine fisher-
ies (Fossa and Skjodal 2009; Clark 2009; Kompas et al. 2009; Longhurst 2010).
While CCAMLR currently is absorbed in designating a network of MPAs in the
Southern Ocean, thus in keeping to Article IX 2(g) in its charter, it remains to be
seen how many will actually be useful in fishery management rather than protect-
ing areas where industry has no interest.

In our opinion, more robust and fishery-independent data needs to be incorpo-
rated into fishery models, and used to verify model assumptions and catch rates
that are considered as precautionary. Until the validity of the data, models and
assumptions used to estimate sustainable catch levels can be confirmed, quotas for
target and bycatch species need to be more conservative. CCAMLR’s CEMP needs
to be expanded to include research and monitoring that are capable of detecting
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and providing feedback to manage the toothfish and other finfish fisheries. The cur-
rent CEMP effort which focuses on krill needs to be maintained and expanded to
concentrate on areas that are smaller than the current regional harvesting units in
order to better assess and minimise effects on krill-dependent predators.

CCAMLR allows a 50 % reduction in spawning biomass of so-called ‘preda-
tory’ species (e.g. toothfish) and 25 % reduction in the case of forage species (e.g.
krill; cf Constable et al. 2000; Croxall and Nicol 2004). While the 25 % rule,
which includes ecosystem monitoring through CEMP and spatial management of
take, is consistent with the Precautionary Principle (Constable 2011), CCAMLR’s
admitted application of the single-species MSY principle (cf Constable et al. 2000;
Longhurst 2010) was not what was originally envisioned in the founding princi-
ples of CCAMLR and cannot be construed in any way as ‘rational use’ (Ainley
et al. 2012; Ainley and Brooks 2012). Efforts should be coordinated at the global
scale, providing for the development and implementation of best management
practices to further reduce seabird bycatch (Melvin and Baker 2006).

2.3.4 Whaling

2.3.4.1 Current Trends and Impacts Predicted for 2060

Japanese scientific whaling in the Southern Ocean has decreased in recent years
partly due to non-governmental organisation activities that have drawn the atten-
tion of governments. Some whale populations are increasing rapidly, e.g. hump-
back whales (Megaptera novaeangliae), others remain far below population levels
before industrial whaling of the 1900s, e.g. blue (B. musculus) and fin whales, oth-
ers may be decreasing (e.g. Antarctic minke whales), and insufficient data exist to
assess other species, e.g. sei B. borealis whales) IWC 2012).

Changes in attitudes towards whaling and eating whale meat may combine
with increasing fuel costs and compliance costs for vessels going into Antarctic
waters to end government-subsidised whaling in the Southern Ocean (Hoek 2010).
While full recovery of whale populations is doubtful in the face of climate change,
any increase in whale populations will continue to result in alteration of food web
dynamics (Ainley et al. 2010a; Trivelpiece et al. 2011; Trathan et al. 2012). Only
large MPAs, that prohibit fishing and whaling, will reveal the recovery potential.
However, uncertainties exist as to the future of the global moratorium on whal-
ing activities, and on the form of regulations of any future commercial whaling
(Leaper and Childerhouse 2013).

2.3.4.2 Management Needs for 2060

In order to allow for recovery of whale populations to the extent that cli-
mate change allows, large MPAs need to be designated and the existing global
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moratorium on commercial whaling needs to continue. Non-complying nations
need to be convinced to comply with the moratorium. The Southern Ocean
Sanctuary needs to be universally adopted and recognised. Management needs for
the future will hinge to a great degree on the decision of the International Court of
Justice (ICJ 2012). If the ICJ finds that Japanese Special Permit whaling is in fact
commercial whaling, a whole regime change will occur. But it is noted that this
will involve the International Convention for the Regulation and Whaling and the
IWC, neither of which are Antarctic-specific.

2.3.5 Shipping-Related Impacts

2.3.5.1 Current Trends and Impacts Predicted for 2060

With the expected increase of tourism, fishing and National Antarctic Program
activities, we forecast shipping activities to increase correspondingly. As the
amount of marine traffic increases, there will be increased discharges of sewage,
sewage sludge, grey-water and ground food wastes, increased undersea noise
and higher likelihood of shipping accidents, fuel spills and ship strikes on marine
mammals (e.g. Ruoppolo et al. 2012). Worldwide, the quantity of persistent debris
in the marine environment is increasing. In the Southern Ocean, increasing marine
traffic, especially IUU fishing vessels, in combination with greater quantities of
waste produced and transported from north of the Antarctic Polar Front, from pop-
ulation centers in the Southern Hemisphere are likely to increase the quantity of
persistent marine debris.

2.3.5.2 Management Needs for 2060

The International Maritime Organisation (IMO) is presently developing a man-
datory polar shipping code that needs to be adopted and implemented. This
Code must include fishing vessels, which are currently excluded in IMO delib-
erations. Ideally the Code needs to ensure that only properly equipped ice-class
vessels should enter into Antarctic Treaty waters and that the disposal of oper-
ational wastes from vessels are regulated under more stringent requirements
than at present (ASOC 2011b). However, the Code is likely to employ a new
ship classification system to rate the ability of any ship to operate safely in a
range of different ice conditions. In tandem, an up-to-date map of conditions—
zoned according to the prevailing ice regime—will be required. Progress is
slow on both of these developments. The Code will not prevent any vessel
from entering Antarctic waters. It will only prescribe areas of safe operation.
As enforcement of IMO conventions is a flag state responsibility, implementa-
tion will rely heavily on support from ship insurers and classification societies
(Jabour 2012b).
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The EIA process, as stipulated under the Madrid Protocol, needs to recognise
the potential and actual impacts of undersea noise on marine mammals. Undersea
noise, while on its own may be a relatively minor threat to wildlife, will interact
synergistically with other concurrent threats, such as climate change and altera-
tions in ecosystem structure, and contribute to significant cumulative impacts.
Currently, basic data are lacking on the marine acoustic environment of the
Southern Ocean and research needs to be initiated in the Southern Ocean into
acoustics and marine mammals if a sound scientific basis is to underpin any future
management of ocean noise (SCAR 2006).

More scientific data and continued monitoring are also needed to better docu-
ment the rates and levels of wildlife entanglement and ingestion of marine debris,
and the accumulation rates of marine debris on Antarctic shores. Improved edu-
cation, and where possible, promulgation of regulations and monitoring pro-
grammes, can also contribute towards reducing sources of marine debris from
vessels and from population centers in the Southern Hemisphere. Section 2.3.6
further discusses the need for sound biosecurity and quarantine measures to reduce
the risk of introduction of non-native species.

In general, MPAs can be created to protect biologically sensitive species,
communities and areas from the impact of shipping activities. IMO’s polar ship-
ping code may assist here, with regulations proscribing shipping activities in
areas of high ice concentration, corresponding with areas of high productivity.
Furthermore, in the event that migration routes of marine mammals vulnerable to
ship strikes can be charted, additional safety regulations could be imposed on ship
operators to reduce pressure during times of heavy traffic.

2.3.6 Introduction of Non-native Species or Disease-Causing
Agents

2.3.6.1 Current Trends and Impacts Predicted for 2060

There are currently relatively few established introduced species on the Antarctic,
none of which are vertebrates (Headland 2012; Frenot et al. 2005). On peri-
Antarctic islands, however, introduced rodents and cats have led to predation of
native birds, and the number of species introduced has been found to be related
(amongst other things) to the number of human visitors to the site (Johnstone
1985; Chown et al. 1998; Jones et al. 2008; Jones and Ryan 2010; Headland 2012).

Introduced species have the potential to alter breeding habitat of native spe-
cies (Bell and Dieterich 2010). Seabirds and seals will be the most likely taxa
to face threats from any introductions to the Antarctic, due largely to their prox-
imity to stations, their close relationships with species elsewhere and from their
prevalence in numbers and biomass. Local cases of unusual disease-associated
die-offs of wildlife have been observed. Most events have unknown origins, but
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human activities have been implicated in some instances, although to date there
has been no evidence of any direct human-mediated pathogen introduction (Kerry
and Riddle 2009).

Greater human presence, in combination with more amenable conditions, will
increase the probability of introductions (Hughes et al. 2013). Increased mobil-
ity within Antarctica will also increase the potential for inadvertent transfer of
native biota from one part of Antarctica elsewhere where they are alien (Frenot
et al. 2005; Hughes and Convey 2010). Warming associated with climate change
will increase the likelihood of establishment and expansion of non-native species
(Turner et al. 2009a; Grimaldi et al. 2010) and the possibility of mutation of dis-
ease-causing agents currently present in Antarctic flora and fauna to more virulent
forms. Increased use of aircraft to bring people to Antarctica will exacerbate the
potential threat of introductions, including infectious disease-causing agents. It is
likely that a greater range of species and areas will be impacted as longer periods
of milder conditions and greater extents of ice-free areas with greater inter-con-
nectivity (Cook et al. 2010) become available for colonisation and establishment.

2.3.6.2 Management Needs for 2060

Existing quarantine and biosecurity measures, both inward and outward for all
human visitors and equipment to the Antarctic, whether there is close approach
and/or contact with wildlife or not, need to be increased from the existing pro-
tocols (COMNAP/SCAR 2010). Other pragmatic measures reducing the risk of
non-native introductions through non-human vectors also need to be implemented,
e.g. fresh food checks, cargo sterilisation (Hughes et al. 2011, 2013). All meas-
ures must be efficient and effective, and standardised at all gateway ports and at all
landing sites/destinations. Ideally measures would include redundancies to mini-
mise the risks of introductions—e.g. prophylactic measures that are implemented
at departure and at arrival points.

Long-term investments in biosecurity measures and environmental monitoring
are needed in order to reduce the risk of introductions, and manage and monitor
introductions and established species when they occur. At the same time, more
research is needed to create an inventory of natural biodiversity in the Antarctic
and to develop techniques in order to identify and remove newly established non-
native species (SCAR 2010; Hughes and Convey 2012).

Similar research and policy needs exist for the issue of wildlife diseases in the
Antarctic. Inventories of endemic diseases and infectious disease-causing agents
are urgently needed. Current background levels of diseases and agents need to be
quantified in order to provide a baseline for future assessments. Research is also
needed to identify the opportunities that exist for introductions and establishment
of novel diseases and agents or mechanisms of contagion, and universal disease
surveillance and reporting procedures need to be implemented (Kerry et al. 1998).
Disease outbreak contingency plans also need to be developed and adopted (Kerry
and Riddle 2009).
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2.4 Antarctica 2010-2060: Conservation Needs
and Challenges

2.4.1 Contribution of Climate Change

Predictions as to how climate change will affect the Antarctic and Southern Ocean
vary in their estimates of magnitude, intensity and imminence (e.g. Turner et al.
2009a, b; ACE CRC 2011). Concomitant with these predictions are various esti-
mates of the changes and adaptations required of Antarctic wildlife, particularly
those species that are closely associated with sea ice, such as emperor penguins
and Weddell seals (Leptonychotes weddellii) (e.g. Siniff et al. 2008; Jenouvrier
et al. 2009; Ainley et al. 2010b). Unfortunately, many of the predictions and their
various assumptions can only be tested post hoc. Rather than predicting a par-
ticular state in 2060 (or at any other year—the most common being 2100: Turner
et al. 2009a; Jenouvrier et al. 2009), Ainley et al. (2010b) described the qualitative
changes to populations, abundances and distributions of Adélie and emperor pen-
guins to modelled habitat changes as the mean tropospheric temperatures reached
2 °C above pre-industrialised levels. They noted that significant changes will be
evident when that criterion is reached well before 2060. Similar analyses may pro-
vide models for other vertebrate species in the Antarctic, and serve to develop pro-
active and holistic conservation and management strategies that incorporate and
implement a precautionary approach embodying the Precautionary Principle.
Irrespective of the rate of climate alteration, there can be no doubt that cli-
mate change will act hierarchically (i.e. top-down) and synergistically with existing
anthropogenic threats to the marine and terrestrial wildlife and environments of the
Antarctic, potentially realising additive or multiplicative responses from the existing
threats (e.g. Halpern et al. 2008a, b; Hoegh-Guldberg and Bruno 2010). It is appar-
ent that the threats will increase in their intensity, frequency and spatial extents into
the future. In addition, novel pressures will emerge, including ocean acidification (Kerr
2010), and there will likely be an increase in the frequency and severity of extreme
weather events. The effects of these synergistic and cumulative impacts on the resil-
ience of the Antarctic marine and terrestrial ecosystems are presently unknown, but
are highly likely to reduce the resilience to further anthropogenic threats and pressures,
and exacerbate the existing threats, placing greater stress on ecosystem functions,
tropho-dynamics and ecosystem services than present (Ainley and Tin 2012). A com-
prehensive and integrated understanding of how climate change will affect Antarctic
ecosystems is currently lacking, and more research into climate change impacts is
urgently needed (Hoegh-Guldberg and Bruno 2010; but see Turner et al. 2009a).

2.4.2 Gaps, Uncertainties and Opportunities

The present lack of quantitative data on the relative impacts to Antarctic wildlife
prevents a ranking of the threats discussed here. Were such data available, analyses
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could identify spatial and temporal patterns, extents and trends in each threat dis-
cussed to generate holistic, regional and whole-of-ecosystem threat assessments
that could be used to direct research efforts and resources in a pro-active, adaptive
conservation management framework.

However, some preliminary contemporary assessments are possible. More
than 90 % of the commercial tourist activities visit sites in the Scotia Arc/
Antarctic Peninsula (Jabour 2009), an area with the greatest number and con-
centration of summer and winter research stations (Headland 2009). The greatest
pressures on the Antarctic environment and its wildlife are presently occurring in
this area during the summer months with the greatest intensity and diversity of
human activities. In addition, fishing efforts for Antarctic krill are concentrated
in this region (SC-CAMLR 2010b), placing further pressure on the region’s
wildlife.

We note that there is a wide-range of efforts presently underway to improve
the conservation status of Antarctic wildlife (e.g. the designation of MPAs, the
implementation of international regulation to reduce seabird bycatch, and the pri-
ority given to the consideration of climate change and non-native species by the
Antarctic Treaty Consultative Parties) in recognition of the increasing spectrum
of threats to the region and we expect them to continue to evolve and expand.
However, the lack of quantitative data prevents an objective assessment of the
efficacy of existing management frameworks and the claimed sustainability of
various activities, including commercial fisheries. Meanwhile, it is very clear that
the vast majority of the contemporary threats to Antarctic wildlife are increas-
ing in their spatial and temporal extents and in their intensities, and thus can be
expected to increase further by 2060, assuming a Business-As-Usual approach for
the next 50 years. Just how realistic this assumption is is certainly debatable, but
comparing the rate at which other conservation strategies are adopted and imple-
mented, and the rate of expansion of human activities and appearance of new
threats, we see that a reactive, ad-hoc approach to conservation and management
of the Antarctic environment is unlikely to be able to keep up with the demands of
human use of the Antarctic in the twenty-first century.

It is very likely that there are other threats to wildlife resulting from interac-
tions and synergies amongst and between the threats listed above in Sect. 2.3,
particularly in association with climate change (see Sect. 2.4.1). These inter-
actions are likely to generate cumulative impacts beyond our contemporary
assessment protocols, and are thus beyond our ability to predict. They are,
however, likely to be greater than the sum of their parts. In an overwhelming
majority of cases, it is currently impossible to quantify the effects or impacts
of various human activities on Antarctic wildlife, despite the extensive research
undertaken to date (see de Villiers 2008; Tin et al. 2009 for reviews). To
overcome this, greater efforts must be made in the future to collect quantita-
tive data that can be used to assess threat levels and impacts to wildlife and
to the environment. Until then, a greater level of adoption and application of
the Precautionary Principle is warranted in light of the increase in threats to
Antarctic wildlife predicted here.



50 E. J. Woehler et al.

2.4.3 Strategic Conservation Needs

To close, we take a step back from the discussion of specific activities and threats
and propose a number of strategic actions that address the overarching context
in which Antarctic wildlife—and indeed, the Antarctic environment—can be
appropriately protected into the future. While activity-, threat- or species-specific
management actions are necessary (and are typically the initial response), it is
important not to lose sight of the large-scale strategic context that has the ability to
influence the effectiveness of any individual decision or action.

e A holistic and proactive approach, recognising and incorporating cumulative
impacts, needs to be adopted for the management of the Antarctic and its wild-
life (e.g. Halpern et al. 2008a). The Precautionary Principle needs to be adopted
and implemented in the management of all aspects of human activities in the
Antarctic in recognition of the substantial data gaps that exist in relation to the
impacts of existing human activities in the Antarctic. Proactive measures will
provide greater capacity to distinguish between natural and anthropogenic forc-
ing of populations and environmental changes. Concomitantly, criteria for the
identification of cumulative impacts to wildlife are required to reduce their
occurrence and frequency in the region. Where a meaningful assessment of
cumulative impacts is not possible, monitoring programmes need to be estab-
lished as a matter of priority in order to resolve uncertainties and validate or
repudiate assumptions.

e Efforts to obtain baseline data for key, ‘indicator’ species of wildlife need to
be increased substantially. Potentially following the example of the Census of
Antarctic Marine Life (CAML), fundamental ecological and biological data on
the distributions and abundances for many Antarctic terrestrial species urgently
need to be collected. Very few biogeographical studies of the biota on the
Antarctic continent exist (but see Howard-Williams et al. 2006 and following,
Bergstrom et al. 2009; Terauds et al. 2012) and the various data gaps reduce
the scales and extents of current EIAs, and prevent quantitative ecological risk
assessments for existing or planned human activities. The data gaps also pre-
vent the adoption and implementation of holistic and pro-active conservation
and management strategies and the full description of ecosystem services and
functions.

e In the face of climate-generated uncertainty, the potential for managing
Antarctica, the peri-Antarctic islands and adjacent seas under frameworks simi-
lar to those used for National Parks and Marine Sanctuaries should be investi-
gated (e.g. Bastmeijer and Roura 2004). Approaches adopted and implemented
elsewhere where wildlife and environmental values are protected from inten-
sive human visitation (e.g. seasonal access restrictions, including visitor quo-
tas) could be readily adopted within a future management framework for the
Antarctic. No-take marine protected areas need to be used more widely to mini-
mise the risks of overfishing and increasing shipping traffic. Types of protection
include: species being fished along with related and dependent species, critical
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life history stages or habitats, such as spawning seasons and areas, or establish-
ment of reference or study areas to partition effects of climate from fishing on
the structure and function of ecosystems. Further, no-take marine reserves are
required to allow benthic communities to, if possible, recover. In fact, these ben-
thic communities provide habitat for fishes.

e Develop continental- and ocean-wide monitoring programmes in order to assess
the long-term effects of persistent contaminants in Antarctic organisms and food
chains and to predict possible responses of terrestrial and marine ecosystems to
climate changes and anthropogenic activities.

e Promote international agreements and the transfer of financial aid and technolo-
gies from rich countries to developing countries in the Southern Hemisphere
in order to address global environmental threats (Bargagli 2008). Educate and
raise public awareness on environmental issues on a global scale in order to
contribute towards climate change mitigation and reducing global consumption
and waste production.

e Acknowledge the potential for mineral extraction in the Antarctic and its poten-
tial substantial environmental impacts. Recent claimant state interest in their
supposed rights as coastal states under the United Nations Convention on the
Law of the Sea has reflected a clear intention to reserve positions about the
Antarctic continental shelf, revealing a real and ongoing interest in resource
realisation in both the Antarctic Treaty Area and the peri-Antarctic islands sub-
ject to national jurisdiction (Hemmings and Stephens 2010). This suggests a
tension between national commitment to environmental protection in Antarctica
and an interest in realising potential economic benefits from resources such as
hydrocarbons and living resources.

2.5 Conclusions

Clearly not all of our proposals can be implemented immediately or simultane-
ously, but strategic adoption is necessary to address the ever-increasing spectrum
and intensity of threats to Antarctic wildlife from the consistently increasing num-
ber of people in the Antarctic each year. These threats will also increase in their
complex synergies and interactions, giving further increasing urgency to adopt-
ing a more precautionary approach to managing human activities in the Antarctic.
Failure to act now may well see future generations managing an Antarctic region
with degraded environmental values and ecosystem functions, more typical of the
rest of the planet. Such an outcome is indefensible and unacceptable in light of our
current knowledge and our ability to mitigate the worst of the potential impacts
with considered and effective measures.
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Chapter 3
Antarctic Marine Living Resources:
‘The Future is not What it Used to be’

Denzil G. M. Miller

Abstract This chapter examines the notion that improperly managed marine living
resource exploitation is a major challenge to the Antarctic marine ecosystem’s future
integrity and good function. The current marine living resource harvesting, manage-
ment and governance prevailing in the Antarctic is outlined. The key objectives of the
Convention on the Conservation of Antarctic Marine Living Resources are highlighted,
as is the role of its attached Commission (CCAMLR) in developing and promulgat-
ing ecosystem-based and precautionary management measures. A brief history of the
Antarctic krill fishery is provided in the context of its dominant trends, potentially
attendant global circumstances and possible harvest effects. Similarly, a summary of
CCAMLR management actions outlines the current management regime for regulat-
ing the krill fishery. Key areas identified include the application of small-scale man-
agement units and ecosystem conservation/environmental protection measures. The
latter include CCAMLR-sponsored activities associated with ecosystem assessment,
environmental protection from fishing activities, small-scale research units to spread
harvest risk, marine protected areas to conserve biodiversity, avoidance of damage to
vulnerable marine ecosystems and mitigating potential climate change effects. In terms
of predicting potential future trends for the Antarctic ecosystem in general, and krill
fishery in particular, the future is contrasted to the past. Management achievements,
failures and threats are identified. These are analysed in an objectively-based process
to assess risk, uncertainty and the future in terms of a krill sustainability framework
addressing ecological, social-ecological and socio-economic considerations. Key pre-
dicted impacts and ecosystem performance breakdowns comprise the following, in
priority order: climate change, increased uncertainty, harvested stock sustainabil-
ity, political will and compliance enforcement. Recognising that both effective gov-
ernance and cost-efficient environmental management are at the center of sustainably
managing Antarctic marine living resources and protecting their associated ecosystems
in the future, a number of suggestions for further consideration are identified.
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3.1 Introduction

Clarke and Harris (2003) suggest that improperly managed marine living
resources are a major threat to the future integrity of the Antarctic! marine ecosys-
tem. In their view, ‘the future of stocks will depend on the ability of various regu-
latory bodies to develop and implement sustainable fishery regimes’ (Clarke and
Harris 2003, p. 21). Furthermore, Clarke and Harris anticipate that cumulative
impacts from multiple sources, such as climate change and other environmental
impacts (e.g. pollution, tourism, support activities (including science) and mineral
exploitation), will also influence Antarctic marine ecosystem functioning.

Trathan and Reid (2009) highlight an earlier view (Croxall et al. 2002) that his-
toric Antarctic marine living resource exploitation patterns confound interpreta-
tions of potential climate change effects on the ecosystem(s) concerned. For
example, observed krill (Euphausia superba) population decreases (Atkinson et al.
2004, 2009) may indicate increased predator pressure on krill associated with
post-exploitation restoration of Southern Ocean? whale and seal populations.
Equally, they may reflect lower krill recruitment levels attributable to climate-
induced reduction of sea-ice. Such conclusions reflect those for the Icelandic her-
ring fishery, where high levels of marine exploitation elsewhere have acted in
concert with environmental pressures to compromise fishery yields (Drinkwater
2002; Perry et al. 2010). Similar environmental-fishery antecedents were impli-
cated in the collapse of Atlantic cod (Perry et al. 2010).

These examples highlight the potential dangers of mismatches between the
scales over which management decisions are taken concerning harvested stock
sustainability, the dynamics of the stock itself and socio-economic needs. Perry
and Ommer (2003) note that mismatches generally occur within ‘social-ecologi-
cal’ systems. They are usually derived from inherent conflicts between economic
expectations and the biological productivity limits of exploited ‘wild’ resources.
This implies that assessment of future fisheries impacts is an uncertain ‘art’, par-
ticularly when faced with limited knowledge about socio-economic dynamics, and
the potential ecological or environmental, impacts of the fishery concerned.

! The Antarctic (and ‘Southern Ocean’), its marine ecosystems and its marine living resources
are considered to be situated south of 60°S Lat. and in the area between that latitude and the
Antarctic Convergence as per Article I of the 1980 Convention on the Conservation of Antarctic
Marine Living Resources (‘CAMLR Convention or the Convention’)—Retrieved from
http://www.ccamlr.org/en/organisation/camlr-convention-text. References to ‘Antarctic’ marine
living resources, fisheries etc. are made interchangeably with ‘Southern Ocean’ marine living
resources, fisheries etc.

2 Taken to be the oceanic area in which the Antarctic marine ecosystem is located.
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An additional complication is that, like many high seas fisheries (Pauly
et al. 1998; Zeller and Pauly 2007), Antarctic marine harvesting has tended to
fish ‘down-the-food chain’ from high-value to lesser-value species (Miller 1991,
2007). Consequently the risk of overexploiting target stocks has increased in
respect to the biological capital available; a situation aggravated for high seas
stocks, which often comprise slow-growing, long-lived species (Cochrane
and Doulman 2005; Pauly et al. 2005). In turn, the ecological risks of over-
exploitation are progressively magnified by long-term biological effects attrib-
utable to diminishing stock productivity, ecosystem/biodiversity impacts and
genetic variability arising from fishing impacts (Allsopp et al. 2009). The inter-
active accumulation of these effects leads to ecosystem functional changes
that are long-lasting, hard to reverse and usually detrimental. Once such ‘tip-
ping points’ are reached, they challenge the ability of the fishery, the ‘human-
environmental system’, to adapt to consequent climate regime shifts (CBD
2010). The increased likelihood of stock collapses, and fishing-down-the-food-
chain mandate that high seas capture fisheries need to be considered in all their
human, economic, social, biological and ecological dimensions (Cochrane and
Doulman 2005).

This chapter focuses on the future of the Southern Ocean krill fishery, par-
ticularly in light of the serious threat posed by unsustainable regulation of the
fishery and the attached consequences for the Antarctic marine ecosystem as
a whole. Special consideration is given to the sustainable management of the
Southern Ocean krill (Euphausia superb) fishery and the challenges it faces.
Future krill fishing scenarios are analysed and exploitation management out-
comes likely to arise from application of Convention principles are discussed.
The attached analyses address the question ‘How will the future be different
from the past?’

3.1.1 Harvesting, Management and Governance Regime

The Southern Ocean largely comprises the ‘high seas’, as per Part VII, Sect. 2 of
the 1982 United Nations Convention on the Law of the Sea (UNCLOS). Under
UNCLOS Article 116, the right to fish the high seas is moderated by a requirement
for States to cooperate in taking and supporting measures necessary for the conser-
vation of the resources being exploited. These conditions are largely applicable in
the CAMLR Convention Area, but there are some exceptions.

The area south of 60°S Lat. (including all ice shelves) falls under the 1959
Antarctic Treaty (the ‘Treaty’), where Article IV effectively ‘freezes’ all claims to ter-
ritorial sovereignty in the Treaty Area (Hemmings 2007). This implies that there are
no Coastal States to exercise national sovereignty in waters adjacent to national terri-
tories south of 60°S Lat. Furthermore, Treaty Article VI clearly indicates that nothing
in the Treaty ‘shall prejudice or in any way affect the rights, or the exercise of the
rights, of any State under international law with regards to the high seas in the area’.
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Together, these provisions imply that CCAMLR? management measures* apply
throughout the Treaty Area on the high seas and elsewhere. Convention Articles III to
V outline a delicate relationship between the Convention and the Treaty concerning
sovereignty in the Treaty Area. This means that the provisions of Treaty Article VI
apply to CCAMLR Contracting Parties, whether they are parties to the Treaty or not.
Therefore, Treaty Article IX (1)(f) implies that all Convention Contracting Parties are
bound to further the Treaty’s objectives, specifically including measures regarding
‘preservation and conservation of living resources’ in the Treaty Area.

However, certain Southern Ocean Islands are subject to undisputed territorial
sovereignty in the Convention Area north of 60°S Lat. These ‘Coastal States’ enjoy
all the rights and obligations attached to their adjacent ‘territorial seas’ (UNCLOS
Article 2 and 3), and insofar as such rights are extended to the attached Exclusive
Economic Zones (EEZs) under UNCLOS Part V (Articles 56, 58 and 61-62 in
particular). Consequently, CCAMLR Coastal States rightly determine allowable
catches (Article 61) and promote optimum utilisation of living resources (Article
62) in their EEZs as they see fit. They also determine which other States fish therein.

To ensure harmony between CCAMLR-adopted management measures and
those applied by Coastal States in their waters within the Convention Area, the
CCAMLR Chairman’s Statement® provides a legal framework for how this should
be done. Nonetheless, two CCAMLR Coastal States often reserve their positions
on application of CCAMLR CMs in their Southern Ocean EEZs north of the
Antarctic Treaty Area. This has raised questions about the EEZs concerned.

The Treaty’s unique solution to potentially contentious sovereignty issues south
of 60°S Lat. is preserved in its various daughter instruments®. In particular, the
Madrid Protocol and the Convention reflect the interconnected nature of
Antarctica’s ecosystems, both south and north of 60°S Lat., and highlight ‘protec-
tion of the Antarctic environment’ and ‘related ecosystems’. The preservation and
conservation of Antarctic living resources under Treaty Article IX(1)(f) is a con-
sistent theme of such protection.

Aside from the Antarctic Treaty System (ATS), various other international agree-
ments apply directly, or indirectly, to the Southern Ocean and many exhibit concern
for its environmental wellbeing (see Miller 2000: Appendix F). These agreements
address matters such as environmental protection, environmental management, mutual
security, scientific information exchange and regional governance. The most notable

3 The acronym ‘CCAMLR’ refers to the Commission for the Conservation of Antarctic Marine
Living Resources established under Article VII of the Convention. Only Members of the
Commission are able to take part in decisions under Convention Article XII, the allocation of
fishing opportunities is currently limited to Commission Members only/.

4 CCAMLR management measures are adopted under Convention Article IX and are termed
‘Conservation Measures’ (CMs).

3 http://www.ccamlr.org/en/organisation/camlr-convention-text#Chair.

6 Collectively termed the ‘Antarctic Treaty System’ (ATS) and comprising the 1972 Convention

on the Conservation of Antarctic Seals (CCAS), the CAMLR Convention and the 1991 Protocol
on Environmental Protection to the Antarctic Treaty (Madrid Protocol).
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Southern Ocean applicable agreements include the 1946 International Convention for
the Regulation of Whaling (ICRW), UNCLOS, 1992 Convention on Biological
Diversity (CBD),” 1998 Protocol for the Prevention of Pollution from Ships
(MARPOL),® 1993 Food and Agricultural Organization Agreement to Promote
Compliance with International Conservation Measures by Fishing Vessels on the High
Seas (‘FAO Compliance Agreement’)’ and the 1995 United Nations Agreement on
the Conservation and Management of Straddling Fish Stocks and Highly Migratory
Fish Stocks (UNFSA)!0. All these agreements strive to promote ‘responsible’ and sus-
tainable marine living resource exploitation, while aiming to preserve environmental
wellbeing and protect biodiversity in conformity with the Madrid Protocol and CBD
in particular.

3.1.2 The CAMLR Convention

In the mid-1970s, Antarctic marine living resource exploitation expanded rapidly
so that by the end of the decade several fish species, such as the Antarctic Marbled
Rock Cod (Notothenia rossii), were severely depleted through over-fishing. These
events were accompanied by growing concern that unregulated harvesting of a key
food species like krill might place the entire Antarctic marine ecosystem at risk
(Mitchell and Sandbrook 1980). With impetus provided by the Third United
Nations Conference on the Law of the Sea (UNCLOS—III) negotiations, these
concerns prompted the 1975 Eighth Antarctic Treaty Consultative Meeting
(ATCM) to consider marine living resource conservation in the context of Treaty
Article IX. Consequently, the recognised need for conservation of, and research
into, krill, combined with interests outside the ATS!! culminated in the
Convention’s signing on 20 May 1980. The Convention entered into force on 7
April 1982 and there are currently 36 Contracting Parties (CPs), 25 of which are
Commission Members under Article VII'2,

7 Retrieved from http://www.cbd.int/doc/handbook/cbd-hb-01-en.pdf.

8 MARPOL Annex V (Regulations for the Control of Pollution by Garbage from Ships) is par-
ticularly important.

9 Retrieved from http://www.fao.org/docrep/meeting/003/x3130m/X3130E00.HTM.

10 Retrieved from http://www.un.org/Depts/los/convention_agreements/texts/fish_stocks_agreem
ent/CONF164_37.htm.

' In organisations such as Greenpeace International and the International Union for the
Conservation of Nature (IUCN) (Parsons 1987). Relevant research was also being carried out
by the Scientific Committee on Antarctic Research (SCAR) under the international Biological
Investigations of Antarctic Marine Ecosystems and Stocks (BIOMASS) Program (El-Sayed 1994).

12 Only Members of the Commission take decisions (Convention Articles VII and XII).
The Commission (CCAMLR) serves as the executive arm responsible for implementing the
Convention. It draws on scientific advice from a permanent Scientific Committee (SC-CAMLR)
(Articles XIV and XV) and its day-to-day functions are supported by a permanent Secretariat
(Articles XII and XVII).
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The Convention is one of the few multi-lateral agreements in force that aims to
conserve and manage marine living resource exploitation from an ecosystem-based
and precautionary perspective (Miller 2000). Many of its key provisions comple-
ment the preservation and conservation principles of Treaty Article IX(1)(f) noted
above. These principles are reflected in other ATS instruments, notably the 1964
Agreed Measures for the Conservation of Antarctic Fauna and Flora, Annex II
of the Protocol and CCAS.

Much has been written about CCAMLR’s management approach and its eco-
system antecedents (e.g. Agnew 1997; Constable et al. 2000; Everson 2002). An
obvious and ongoing issue is how ecosystem (i.e. multi-species) considerations
can be formally incorporated into CCAMLR management decisions (Constable
2005). Convention Article IX(1)(f) indicates that Conservation Measures (CMs)
are to be formulated, adopted or revised on ‘the basis of the best scientific evi-
dence available’!? subject to the provisions of paragraph 5 in the same Article.
This requires that CCAMLR takes full account of any relevant measures or regula-
tions adopted elsewhere (i.e. by other ATS instruments or fisheries commissions)
when these are relevant to the CCAMLR Area.

An initial scientific hurdle facing CCAMLR was the requirement to address
scale-driven organisation of species, particularly krill, in relation to a suite of spa-
tially compatible, iterative, interactive and scientifically derived processes (Miller
2002: Fig. 6). In turn, these processes relate to the ‘physical’ (i.e. natural) and
‘management’ worlds, with the latter being limited to the activity of fishing itself.
Consequently, the management of CCAMLR fisheries, as well as potentially
affected ecosystem components, comprises a series of inter-dependent ecological
associations of which fishing (Miller 2000, 2007), individual species, as well as
their ecological interactions are bound in space and time (Miller 2002). By taking
special account of key ecological factors, the approach facilitates assessment of
‘ecosystem status’ and ‘health’.'* It also promotes the scientific and systematic
development of management measures for a sustainable krill fishery in particular
(Constable 2002; Everson 2002; Miller 2002).

CCAMLR management decisions account for uncertainty associated with imper-
fect knowledge in terms of both science and process (Miller 2007; Constable 2011).

13 The term ‘scientific evidence’ in Convention Article IX(1)(f) implies a formative stand-
ing to scientific information, or advice, used by CCAMLR for management purposes. In 1990
(CCAMLR 1990), the Commission agreed that ‘it should regard the Scientific Committee
(SC-CAMLR) as the source of the best scientific evidence available’—an agreement that effec-
tively endorses the provenance of the Committee’s scientific advice to this day. SC-CAMLR was
established under Article XIV of the Convention. It functions (Article XV) as a ‘forum for con-
sultation and co-operation concerning the collection, study and exchange of information’ on the
resources to which the Convention applies.

14 CCAMLR views ‘ecosystem health’ as reflecting the adequacy of harvested species safe-
guards so that fishing does not prejudice the long-term future of dependent species. An ‘eco-
system assessment’ ensures that all Convention Article II management requirements of are
operationally met (Everson 2002).
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As far as possible, resource use is preceded, or accompanied, by surveys of exploited
stocks to assess potential yield, to monitor resource status and to provide for asso-
ciated analyses of ancillary (i.e. population) data. The approach recognises that the
primary aim is not to manage the Antarctic marine ecosystem per se, but rather to
regulate human activities (i.e. harvesting) therein. Scientific-based advice aims for
operational outcomes that are repeatable and objective (Butterworth 1986).

The CCAMLR management approach thus comprises rules to adjust harvest
levels, which in turn are based on scientifically objective assessments, (Kock
2001). The rules are sufficiently rigorous and flexible to ensure that conserva-
tion objectives have a high probability of being met. For its part, the CCAMLR
Ecosystem Monitoring Programme (CEMP) aims to monitor ‘dependent and
related species’ (predominantly krill predators) to assess the status (‘health’) of the
Southern Ocean marine ecosystem (Everson 2002). Ideally, regular assessments
account for uncertainty associated with ecosystem functioning, as well as poten-
tial relationships between resource monitoring and key ecosystem components
and properties. The latter includes the physical environment. CEMP-based assess-
ments focus on discerning changes in exploited stock status attributable to fishing
as opposed to natural variability (Agnew 1997).

Over the years, CCAMLR has developed a comprehensive suite of CMs using
various traditional fishery management'> approaches. Currently, CMs are inte-
grated to deal with a number of the management, including environmental, con-
cerns highlighted by the Convention (e.g. Miller et al. 2004). These measures are
kept under constant review to evaluate their performance and, if necessary, to pro-
vide for revision, or adoption, of new CMs. They have also served to improve
management of key CCAMLR stocks globally; an approach most recently encap-
sulated in a suite of specific compliance and trade-related measures (Sabourenkov
and Miller 2004).

3.2 Antarctic Marine Living Resources Exploitation

Despite its remoteness and inclement weather, the Southern Ocean has not
escaped the ‘tragedy of the commons’, where little regulation or restraint are asso-
ciated with immediate exploitation of newly discovered marine living resources
(Agnew and Nicol 1996; McWhinnie 2007). Initially, opportunistic harvesting
of seabirds, seabird eggs, seals and fish supplemented the food stores of ship-
based exploratory expeditions (Laws 1989; Miller 2000). From the late 1800s
onwards, four major phases of exploitation progressively targeted seals, whales,
finfish and krill respectively (Knox 2006). With the exception of krill harvesting,
each of these phases was characterised by unregulated harvesting. In the case of
whales and finfish, later regulation was not sufficient to counter the decline of

15" See http://www.ccamlr.org/en/conservation-and-management/conservation-measures.
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target populations to near biological extinction and non-profitable levels (Sage
1985; Laws 1989). Given the many, and long-running, accounts of marine living
resource exploitation in the Southern Ocean (e.g. Weddell 1827; Sage 1985; Laws
1989; Miller 1991; Clarke and Harris 2003; Miller 2007), the issue will not be
elaborated further here. Rather, this chapter will focus on the most relevant and
current phase of Southern Ocean living marine resource exploitation—Kkrill har-
vesting. It aims to provide an overview of contemporary and future krill harvest
trends, as well as related harvest effects.

3.2.1 Krill Harvest Trends

Exploratory fishing for krill was initiated by Japan and the Soviet Union in the
early 1960s (Miller 1991), and a fully fledged experimental commercial fishery
began in the summer of 1973/1974 (Nicol and Endo 1997; Miller and Agnew
2000). As highlighted in Fig. 3.1, between 1973 and 1994, catches rose steadily
from 19,785 tonnes in 1973/1974 to a peak of 528,201 tonnes in 1981/1982. After
1982, catches declined sharply in 1983/1984 to a level (130,875 tonnes) similar to
that during the triggering phase of the fishery’s expansion in 1977/1978. They then
increased to a second peak (446,673 tonnes) in 1985/1986 and subsequently pla-
teaued at about 300,000—400,000 tonnes until the dissolution of the Soviet Union
in 1991. The krill fishery in Subarea 48.1 (South Shetlands) was closed in
2009/2010 when the catch reached 99.8 % of the trigger level (155,000 tonnes) for
that subarea under CCAMLR CMs 51-01 and 51-07 (CCAMLR 2010).1¢ This was
the first areal closure for krill fishing under apportioned trigger levels requirements
introduced in 2009 (CM 51-07).

Nineteen countries have fished for krill. By 2008/2009, the former Soviet
Union (Russia and Ukraine post-1992) States and Japan had taken the bulk
(88 %) of the total krill catch (7.2 million tonnes) since 1972/1973. In descend-
ing order, Norway, Vanuatu, USA, Chile, Korea and Poland had accounted for a
further 11.9 %. Other sporadic participants in the fishery have included Argentina,
Bulgaria, the German Democratic Republic, India, Panama and the United
Kingdom.

In the past decade, there has been a gradually increasing krill catch trend
(Fig. 3.1) from close to 100,000 tonnes in 2000/2001 to more than 150,000 tonnes

16 The “trigger level” is used to allocate the total allocated areal krill catch between smaller man-
agement units in particular area (CCAMLR CM 51-01). Currently it is only applied in CCAMLR
Statistical Area 48 (Subareas 48.1-48.4) and is aimed at distributing the krill catch to avoid
predator populations, particularly land-based predators being disproportionately affected by fish-
ing activity. The percentage proportions of the allocated catch in Area 48 to be applied when
the subareal trigger level is reached are: Subarea 48.1(South Shetlands)—25%; Subarea 48.2
(South Orkneys)—45%; Subarea 48.3 (South Georgia)—45% and Subarea 48.4 (South Sandwich
Islands)—15% (CCAMLR CM 51-07).
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Fig. 3.1 Total krill catches reported to CCAMLR between 1973 and 2011. Also shown are noti-
fications by CCAMLR members of anticipated catches (in tonnes) from one year to the next.
Various events likely to have impacted the krill fishery are marked (EEZ—Exclusive Economic
Zone; GFC—Global Financial Crisis)

in 2010/2011. This has been reflected by a substantial increase in pre-notified
catch levels by CCAMLR Members from 150,000 tonnes in 2002/2003 to just
below 900,000 tonnes in 2008/2009 (see Nicol et al. 2011). The increase in inter-
est is reflected in the mix of nations and vessel types participating in the fishery,
and it is attributable to increased catches associated with the recently developed
continuous catch pumping method used by Norwegian krill fishing vessels since
2007 (Nicol et al. 2011).17

Until the early 2000s, krill products from the fishery were initially limited by
cost, processing methods (Budzinski et al. 1985), and low demand for saleable
products (livestock feed, human supplements and aquaculture feed) (Nicol and
Endo 1997; Nicol and Foster 2003). The recent developments in fishing technol-
ogy highlighted above have been accompanied by an expansion in the range of
products extracted from the krill harvest in the recent past. This is manifested by
increased demand from the aquaculture industry (Olsen et al. 2006) and through
enhanced marketing of omega-3 rich krill oil supplements by the nutraceu-
tical industry (e.g. Tandy et al. 2009). Such developments have led Nicol et al.
(2011) to suggest that the nature of the Antarctic krill fishery is in flux and cur-
rently changing. While, it is generally perceived that current krill catches are rela-
tively low compared to estimates of the species’ potential yield (Miller and Agnew
2000), Nicol et al. (2011) further suggest that recent increased interest in the
fishery is reflected by rapid diversification of krill products and a growing number

17 The method appears to resolve some of the processing problems associated with the use of
trawls (Anon 2007) and is referred to as ‘eco-friendly trawling’ due to its high selectivity and
reduced spillage, or wastage, of the catch.
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of krill fishing countries. Such developments all point towards the fishery greatly
expanding in the short to medium-term. Equally, the recent Marine Stewardship
Council (MSC) certification of krill has undoubtedly underscored the fishery’s
attraction to ‘the environmentally conscious investor’ (see Footnote 20).

Figure 3.1 illustrates the coincidental association of four major events with dis-
cernible changes in Southern Ocean krill catches. First, the late 1960s and early
1970s were characterised by considerable international debate about the concept
of Exclusive Economic Zones (EEZs) as a mechanism to extend Coastal State
fishing and other rights to 200 nautical miles offshore. The debate was central to
the Third United Nations Conference on the Law of the Sea that culminated with
UNCLOS in 1982. Consequently, the emerging and impending restrictions for
EEZs can be viewed as an incentive for far seas fishing nations, such as the Soviet
Union, to undertake unregulated fishing in open access fisheries, as they became
progressively precluded from fishing in coastal waters. Increasing Antarctic krill
catches were a manifestation of this expectation between 1973/1974.

The Convention’s entry into force in early 1982 coincided with a decline in
krill catches during 1983/1984. This was followed by catches reaching their high-
est levels in 1985/86 as it probably became clear that CCAMLR was unlikely to
impose severe restrictions on fishing levels. Large krill catches (~300,000 tonnes/
year) then prevailed until the Soviet Union’s dissolution in 1991/1992, when there
was a dramatic decline in catches to less than 100,000 tonnes in 1992/1993. With
the Soviet Union being the dominant krill fishing nation at the time, economic
uncertainty created by its demise and the loss of centralised fishing subsidies were
reflected in the declining krill catch levels. Catches then fluctuated around 100,000
tonnes until 1999/2000. They remained around 120,000 tonnes until the introduc-
tion of the new Norwegian harvesting and processing techniques from about 2005
onwards.

The krill fishery’s development was accompanied by a noticeable increase
in catches to around 200,000 tonnes in the 2009/2010 season, when the South
Shetland Islands environs (Subarea 48.1) were closed to krill fishing as the areal
precautionary catch limit was reached. As already intimated, the period was also
characterised by increasing pre-season notification of anticipated krill catch levels
for the ensuing season. Therefore, a reduction of notifications between 2007/2008
and 2009/2010 probably reflects economic uncertainties associated with the emer-
gence of the Global Financial Crisis (GFC) in 2008.

The patterns described suggest that Norwegian-pioneered fishing and process-
ing techniques in recent years have favoured an expansion of krill catches, a pat-
tern that is likely to persist in the foreseeable (2-5 years) future. Furthermore, the
development of krill-focused bioprospecting for new products has also raised
expectations of noticeable near-future increases in the fishery.!® Together, these

18 The increasing number of patents for krill-related products now stands in excess of 800, more
than double those lodged in 1999 (Nicol et al. 2011).
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considerations not only compound uncertainty about the krill fishery’s future
course, they also underscore the importance of having scientifically robust man-
agement procedures in place to manage the fishery.

Figure 3.1 emphasises that the krill fishery is sensitive to market and other
economic, or political, forces. This has as much to do with the fishery’s rela-
tive remoteness and inaccessibility as it does with the price of fuel and product
demand (Nicol and Endo 1997). While the fishery remained at comparatively low
levels for a number of years, the recent upward catch trend tends to reinforce the
role played by the drivers of the fishery’s expansion highlighted above. Coupled
with the krill fishery becoming more competitive compared to other fisheries,
there is good reason to assume that any future developments of a bulk-driven, high
catch krill fishery will enhance the upward catch trends already observed.

Together with a diminishing availability of underexploited stocks elsewhere, it
seems logical to assume that a fishery five times the current level (i.e. of the order
of 1 million tonnes year™!) is not an unrealistic expectation (Miller 2011a). This
would place the krill fishery amongst the world’s top ten for global catches from
‘wild’ stocks. While krill catches close to the estimated biomass are unlikely to be
sustainable, there is considerable scope for expansion in the levels of krill fishing
to date. As noted by Nicol et al. (2011) the persistent failure of CCAMLR to agree
on how krill precautionary catch limits may be apportioned in terms of small-scale
management units (SSMUs), or other criteria, remains a blight on the operational
implementation of CCAMLR’s precautionary approach for the fishery in terms of
allowing for more rigorous conservation of available stocks and associated ecosys-
tem components.

Finally, the possibility of future illegal, unregulated and unreported (IUU) krill
fishing!® is obviously a matter of concern. Given that considerable midwater
trawling surplus capacity is available globally (Kirkley et al. 2002), the potential
deployment of this capacity into a rapidly expanding krill fishery would not only
expand the fishery’s global market share, but also its inherent value. As for [UU
fishing globally (Vidas 2004; Sumaila et al. 2006), the incentives for an TUU krill
fishery would increase as a function of perceived advantages attached to fishing
outside the ‘system’ (i.e. avoiding CCAMLR regulations). Such incentives largely
enhance an expectation of greater economic returns and higher profit margins
(Baird 2006). Along with the possibility that major krill fisheries will develop in
the northern hemisphere (Nicol and Endo 1999), the emergence of an IUU krill
fishery in the Southern Ocean cannot be ruled out. In effect, deployment of krill
fishing effort would become a global affair as it could operate year round during
the summer months in both the northern and southern hemispheres.

19 The term ‘TUU fishing’ was initially proposed by CCAMLR in 1996, It was subsequently
defined formally in the 2001 FAO International Plan of Action to Prevent, Deter and Eliminate
Illegal, Unreported and Unregulated Fishing (IPOA-IUU) (At: http://www.fao.org/docrep/003/
y1224e/y1224e00.HTM). For a full account of IUU fishing in the CCAMLR Area, see Baird
(20006).
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3.2.2 Harvest Effects

In spite of early fears, indications of negative effects attributable to krill fishing
are largely equivocal. However, concerns have been expressed for some time that
over-concentration of the fishery in areas where krill predators, especially land-
based predators, are concentrated may cause short-to-medium term negative
impacts on associated predators (Miller and Hampton 1989; Hewitt and Linen
Low 2000; Nicol et al. 2011). Equally, concerns are growing over the ecological
uncertainties likely to arise from ‘fishing down the Antarctic marine food web,
given krill’s relatively low trophic status and its standing as a key food item’
(Nicol et al. 2011). A noticeable avenue for addressing such concerns has been
outlined by Butterworth and Punt (2001). This draws on projections by Thomson
et al. (2000) for Antarctic fur seal population responses to variability in krill abun-
dance. This approach highlights the need for harvest rules to take explicit account
of risk, uncertainty, precautionary and ecosystem considerations into account—a
situation consistent with Convention Article II objectives.

Pursuant to concerns about uncertainty, noticeable inefficiencies are also asso-
ciated with krill trawling where animals fail to survive extrusion through the net
mesh and where crushing affects the quality of the catch being landed (Zimarev
1991; Nicol and Endo 1999). In both instances, it is speculated that such impacts
may lead to underestimation of total krill removals by as much as 60 % (Zimarev
1991). These uncertainties suggest that historical krill catches were larger than
estimated, with consequent implications for assessing long-term stock productivity
projections.

Furthermore, there is still considerable uncertainty as to whether the krill fish-
ery may take large quantities of fish larvae from time-to-time in particular areas
(Watters 1996; Nicol and Robertson 2003; Agnew et al. 2010). Incidental mortal-
ity of fur seals in krill trawls may be higher than initially thought (SC-CAMLR
2003). Net escapement panels were introduced by CCAMLR in 2003 and their use
has reduced seal mortality significantly (Hooper et al. 2005).

As noted, the krill fishery by the Norwegian company Aker BioMarine, largely
in the CCAMLR Statistical Area 48 (South West Atlantic), has been granted MSC
certification as a ‘sustainable ﬁshery’.20 Howeyver, this certification was not with-
out controversy, with a number of concerned environmental organisations indicat-
ing that ‘progress against the certification criteria will be monitored via annual
surveillance audits, and stakeholder organisations will have further opportunities
to review the resulting data and how it relates to the fishery’s performance’.

20 Retrieved from http://www.msc.org/newsroom/news/aker-biomarine-krill-fishery-gains-msc-
certification/. Also at Anon (2010).
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3.3 Regulating Harvesting

A context for exploitation of Southern Ocean marine living resources in gen-
eral would not be complete without at least a cursory examination of CCAMLR
management action (i.e. CMs). The summary presented below is limited to a
few selected initiatives, while a more comprehensive account of such action, and
description of the role that science plays in developing appropriate measures, may
be found in Miller (2011a). These initiatives are all expected to play an important
role in managing future krill exploitation in terms of conserving and protecting the
marine ecosystem as a whole.

3.3.1 Small-Scale Management Units

CCAMLR krill CMs require precautionary catch limits to be subdivided into
smaller spatial areas (Small-Scale Management Units - ‘SSMUSs’), when catches
reach a 620,000 tonne ‘trigger level’ set in CCAMLR CM 51-01. The Scientific
Committee for CAMLR (SC-CAMLR) has advised the Commission to agree
on a spatial distribution formula for krill fishing effort or catch to preclude large
catches being taken in restricted areas as the trigger level is approached.

Work to finalise CCAMLR deliberations on spatial allocation of krill catch
limits to SSMUs in Area 48 remains important and continues (e.g. Nicol and
Constable 2002; SC-CAMLR 2002). The implementation of a feedback man-
agement strategy for the fishery was afforded a high priority in 2010 (CCAMLR
2010) and 2011 (CCAMLR 2011).

3.3.2 Ecosystem Conservation and Environmental Protection

SC-CAMLR has long accepted that krill fishing may cause intolerable influences
on Antarctic marine ecosystems trophic dynamics (SC-CAMLR 1995: Annex 1V;
Constable et al. 2000). While CCAMLR’s krill management approach implicitly
accounts for this possibility (Miller and Agnew 2000), CEMP was predicated on
the assumption that improving understanding of relationships between fisheries
and krill, as well as between fisheries, krill and krill predators, is fundamental for
management action consistent with Article II of the Convention (Everson 2002).

Over the past decade and a half, SC-CAMLR has sought to develop predictive
models of such relationships to refine its krill management decision rules (Miller
and Agnew 2000; Miller 2011a). A notable advance has been the development of
a framework (e.g. Constable 2005) to evaluate krill management procedures in an
ecosystem context. This framework allows, and facilitates, explicit assessment of
uncertainty in the modelled management systems.
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Nevertheless, explicit linking of CEMP-derived predator information, krill
availability and fishing activity remains elusive in the process of formulating
CCAMLR CMs to address all Convention Article II objectives (Butterworth and
Thomson 1994). This is particularly true in a functional sense due to a dearth of
plausible models to address specific relationships between krill, predators and the
fishery (Mangel and Switzer 1998; Constable 2005). Reid et al. (2008) highlight
that work is still required to: (1) detect effects of fishing on particular process/eco-
system components in an operationally useful way, and in respect to agreed refer-
ence point(s); (2) remain cognizant of appropriate trade-offs between CEMP aims
and prevailing uncertainties about ecosystem function; and (3) promote a realistic
appreciation of CEMP’s ability to provide relevant data for krill fishery manage-
ment objectives, or for krill-associated predators.

3.3.2.1 Ecosystem Assessment

Krill predators have been on CCAMLR’s agenda since 1997. CEMP-derived pred-
ator parameters are examined annually, and various models are available to explain
attached trends. While de la Mare and Constable (2000) have developed CEMP
parameter summaries, identifying specific responses to changes in parameter val-
ues remains a challenge. The on-going development of objective approaches to
scale CCAMLR management decisions remains a priority (Constable 2001, 2011;
Constable et al. 2000). Clearly applicable strategies for risk evaluation remain
largely elusive, particularly when selecting appropriate levels of statistical signifi-
cance for estimating the power to categorise detected CEMP parameter changes
induced by fishing. The specific evaluation of risk in terms of identifying Type I
and Type II errors (see Field et al. 2004) remains outstanding (Reid et al. 2008) in
this regard.

3.3.2.2 Environmental Protection

Aside from SSMUs, CCAMLR is considering, or has initiated, spatially bound
measures to address Convention Article II precautionary and ecosystem-directed
elements. One such measure (CM 26-01) applies to the entire CCAMLR Area, and
aims to minimise the risks of alien-species contamination and marine pollution from
fishing vessels. All CCAMLR environmental measures agreed to date aim to miti-
gate the potential dangers of fishing activities on the Antarctic marine environment.

3.3.2.3 Small-Scale Research Units

Small-Scale Research Units (SSRUs) developed by CCAMLR aim to spread the
risk of spatially concentrated fishing when scientific knowledge of the stock(s)
concerned is limited (e.g. CM 41-01). Initially applied to experimental crab
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fisheries (CCAMLR 19932!; Watters 1997), the approach has been subsequently
expanded to exploratory Toothfish fisheries in CM 41-01. SSRUs not only impose
a degree of precaution by spreading fishing effort, they also promote collection of
essential operational data from the fishery; a responsibility assumed by CCAMLR
Scientific Observers?? aboard the vessels involved.

3.3.2.4 Marine Protected Areas

Over the past decade, CCAMLR has considered spatial management measures to
facilitate biodiversity conservation consistent with the targets set by the 2002
World Summit on Sustainable Development (WSSD). CCAMLR and the
Committee for Environmental Protection (CEP)?? have afforded high priority to
identifying Southern Ocean marine areas for biodiversity conservation (CCAMLR
2004; CEP 2006). In 2007, CCAMLR began to develop Southern Ocean benthic
and pelagic bioregionalisations?* (CCAMLR 2007) as a basis for designing a rep-
resentative network of Marine Protected Areas (MPAs) in the Convention Area. In
2009, CCAMLR adopted CM 91-03 as a contribution to biodiversity conservation
in Subarea 48.2 (South Orkney Islands). It has endorsed further development of
MPAs as a priority SC-CAMLR task (CCAMLR 2010), which is complemented
by the attached drive to finalise SSMU development (see above).

3.3.2.5 Vulnerable Marine Ecosystems

United Nations General Assembly (UNGA) Resolution 61/105 (UNGA 2007)
made a call to close areas to bottom fishing until appropriate protection measures
are in place. CCAMLR responded to the UNGA resolution by formulating CMs
22-06 and 22-07 in 2007 (Reid 2011). CM 22-06 froze the current bottom fishing
footprint to areas approved for such fisheries. CCAMLR’s approach to Vulnerable
Marine Ecosystems (VMEs) remains under development and care needs to be
taken to ensure that that the current CMs (CMs 22-06 and 22-7) are not viewed
as ‘having done the job’. In these terms, CM 22-07 remains a true interim meas-
ure. Despite recently increased research (Brandt et al. 2007), data and knowledge
available for managing benthic fauna in the Southern Ocean remain limited.

21 QOriginally CM 75/XII.

22 Scientific observers appointed on a bilateral basis under the CCAMLR Scheme of International
Scientific ~ Observation—Retrieved  from  http://www.ccamlr.org/en/document/publications/
basic-documents.

23 Established under Articles 11 and 12 of the Madrid Protocol. Retrieved from
http://www.ats.ag/e/cep.htm.

24 A “bioregion’ is considered an area that constitutes a natural ecological community with char-
acteristic flora, fauna and environmental conditions. The area is bounded by natural rather than
artificial borders.
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3.3.2.6 Climate Change

Few Regional Fisheries Management Organisations (RFMOs) have placed high
seas climate issues on their agendas. In 2007, CCAMLR tasked SC-CAMLR with
addressing climate change in the context of conserving Antarctic marine living
resources (CCAMLR 2007; Nicol et al. 2007; Trathan and Agnew 2010).
Resolution 30/XXVIII, adopted in 2009, urges consideration of Southern Ocean
climate impacts so as to better inform CCAMLR management decisions. The issue
remains a high priority for CCAMLR (2010, 2011)%, but it appears unlikely that
the broader socio-economic considerations associated with climate effects on
Southern Ocean fisheries will be addressed in the near future (Miller 2011b).

3.4 The Future Is Not What It Used to Be2®

Clarke and Harris (2003) imply that several factors constrain prediction of future
Antarctic marine ecosystem functioning. Predominantly, these comprise incom-
plete knowledge of the ecosystem and a lack of accurate models to simulate polar
region eco-dynamics generally. Put another way, uncertainty is seriously impeding
the reliability of future predictions.

Constable (2005, 2011) goes on to indicate that developing and evaluating krill
fishery management procedures are largely contingent on providing plausible mod-
els for the ecosystem in which the krill fishery find itself. Consequently, managing
krill fishing in a climate-impacted world requires that models provide a robust
basis for decision making and that specific account is taken of inherent uncertainty
and risk?’ for both fishery, harvested stock and related ecosystem elements.

For obvious reasons, cumulative impacts from both climate change and unsus-
tainable marine living resource exploitation compound such concerns. For these
reasons, CCAMLR’s achievements, failures and threats are important in terms of
a broad suite of factors likely to impact the Southern Ocean’s and Antarctica’s
future. Therefore, a formal assessment of such factors is essential to providing a
contemporary and representative prediction for the Antarctic marine ecosystem’s
vulnerability to the potential consequent effects of various drivers. In this section,
a vulnerability framework is developed as a contemporary contrast to Clarke and
Harris’ (2003) more generalised predictions outlined earlier.

25 Retrieved from http://www.ccamlr.org/en/ccamlr-xxxi.
26 Quotation attributed to Paul Valery (1871-1945)—French author and critic

27 Descriptions of ‘uncertainty’ and ‘risk’ often depend on the context in which the terms are
being used. For this paper: Uncertainty is taken to mean a lack of certainty where a limited state
of knowledge makes it impossible to exactly describe an existing state or future outcome, and/or
when more than one possible outcome is possible. Conversely, Risk represents a state of uncer-
tainty where possible outcomes may have an undesired effect or may induce a significant loss of
some key quality.
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3.4.1 Southern Ocean Fisheries Management: Achievements,
Failures and Threats

Ecological uncertainties attached to effectively, and fully, meeting CAMLR
Convention objectives have required innovative thinking from a holistic, scientific
and ecologically-based management perspective (Constable et al. 2000; Constable
2011). The operational implementation of Convention Article II necessitates a bal-
ance between ‘conservation’ and ‘rational use’”® to ensure that existing ecological
relationships between harvested, dependent and related species are maintained and
that depleted populations are restored to levels where biological productivity is
greatest. To date, this task has been impeded by limited knowledge of harvested
species (especially krill) population dynamics, as well as by equally limited
knowledge of functional relationship(s) between harvested (particularly krill) and
other species (i.e. birds, seals and whales) (Hill et al. 2007, 2009). Determining
these functional relationships remains a key CCAMLR priority in terms of fulfill-
ing Article II requirements. It is also crucial for determining likely effects of future
Antarctic ecosystem impacts by a potentially large krill fishery.

In ‘minimizing the risks of irreversible changes’ in the Southern Ocean marine
ecosystem, including the climate and ecosystem effects, CCAMLR has some
way to go in developing the necessary management actions, and/or formal deci-
sion-making procedures, to explicitly account for climate and ecosystem effects.
Notably, these include more formal considerations of broad ecosystem effects,
the scaling of management decisions using CEMP-derived indices and advanc-
ing consideration of potential climate-induced impacts. In the latter regard, inher-
ent uncertainty, and operational, gaps remain in predicting how climate, or other,
impacts may induce key ‘tipping points’ for harvested species, as well as those
dependent on, or related to them.

Despite such limitations, it is widely recognised that CCAMLR CMs and related
initiatives have pioneered development of innovative ways to address both precau-
tionary and ecosystem concerns (Everson 2002; Willock and Lack 2006). However,
lack of agreement on the apportioning of krill precautionary catch limits within
SSMUs, or in response to other criteria, is rightly perceived as a failure in implemen-
tation of CCAMLR’s precautionary approach for the krill fishery (Nicol et al. 2011).

Furthermore, given the species’ key ecological standing, explicitly acknowl-
edging uncertainty about the krill fishery’s future remains essential for predicting
its likely ecosystem consequences. As Fig. 3.1 illustrates, the krill fishery’s sensi-
tivity to market and other economic, or political forces, confounds any efforts to

28 The Convention Article IT term ‘rational use’ is subject to various interpretations. These apply
when ecological as opposed to economic perspectives are assumed in the context of managing
exploited resources. For this reason, CCAMLR has developed a working definition for the term.
Inter alia, this term is considered to imply that: (1) harvesting of resources is on a sustainable
basis and (2) harvesting on a sustainable basis means that harvesting is conducted to ensure that
the highest possible long-term yield from the resource, subject to the general conservation princi-
ples outlined in paragraph 3 of Convention Article II (CCAMLR 1988).
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predict such consequences. The inferred dangers attached to failed fishery regula-
tion are self-evident, particularly for a persistent, large-scale krill IUU fishery. If
left unaddressed, unregulated or improperly managed krill fishing will undermine
CCAMLR’s efforts to meet the sustainability requirements of Convention Article II.

Other CCAMLR initiatives with more positive outcomes extend the organisa-
tion’s environmental protection regime beyond conservation of harvest target spe-
cies alone. These initiatives include efforts to protect the Southern Ocean marine
environment from fisheries-associated activities, either directly or via the adoption
of risk aversion strategies for fisheries by-catch and fisheries-induced incidental
mortality (Miller et al. 2004; Miller 2011a). While there is still work to be done,
CCAMLR has enhanced biodiversity conservation through its bioregionalisation
efforts, MPA development and VME protection measures.

In addressing the Convention’s objectives, CCAMLR recognises that CM com-
pliance poses a serious challenge to ensuring the effective and consistent imple-
mentation of management measures in a manner supportive of ‘responsible’
fishing (Miller et al. 2004). The adequate enforcement of CCAMLR decisions and
CMs is also essential for compliance. Both considerations are compounded by the
Convention Area’s size (35 million kmz), remoteness and relatively open-access,
particularly given that the Area is predominantly ‘high seas’ (Molenaar 2001). In
this regard, CCAMLR’s successful development of a compliance and scientific
observation regime?’ is worth noting. In practice, CCAMLR’s robust and exten-
sive monitoring, control and surveillance (MCS) measures have been afforded
considerable credit for the success of the organisation’s efforts to combat toothfish
IUU fishing in particular (Willock and Lack 2006; Miller et al. 2010).

3.4.2 Risk, Uncertainty and the Future

Given the Southern Ocean’s history of marine living resource exploitation, it is
difficult to expect that past practices bode well for the future. Systemic failures
in the sustainable exploitation of seals, whales and some finfish, all indicate that
the open access nature of Southern Ocean fisheries has largely succumbed to
economic greed with target stock sustainability ultimately being compromised
(Bonner, 1986; Miller 2007). Contemporary IUU fishing for toothfish is an obvi-
ous example of historic ‘lessons’ attached to economic greed not being learned
and past ‘mistakes’ being repeated.

Figure 9.9 in Miller (2011b) summarises the ecological, direct and socio-
economic impacts associated with Southern Ocean fisheries. The inferred
consequences of these impacts highlight the fact that interactions between fish-
ing activities and the ecosystem work in both directions, as well as within the

29 This culminated in the CCAMLR System of Inspection (in 1988) and the Scheme of
International Scientific Observation(in 1992) to improve at-sea fisheries enforcement and moni-
toring respectively (Rayfuse 1998).
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Southern Ocean ‘social-ecological system’ associated with fishing. By way of an
example, if the krill fishery is affected by reduced ecosystem productivity then
fishery outputs will also be affected. Alternatively, fishing activities are likely to be
impacted by socio-economic (e.g. fuel price or market demand) and direct effects
(e.g. increased climate variability leading to inclement weather). Fishing activities
themselves may also affect ecosystem processes, both directly and cumulatively.
Together, various impact pathways interact and all pathways play a role in affect-
ing fisheries development, profitability and sustainability (Miller 201 1b).

There is, therefore, a need to consider the likely effects on, and consequences
of, Southern Ocean fisheries in terms of: (a) exposure to various impacts (including
climate impacts), (b) resultant sensitivity to associated social-ecological and social-
human processes and (c) steps to be taken to mitigate potentially detrimental impacts
on fisheries and the ecosystem. Key to evaluating the cost-efficacy of (c) is the extent
to which the social-ecological, or ‘human’, subsystem and the ecosystem (‘natural
subsystem’) come to be valued. As noted, the fisheries themselves are likely to exert
impacts on the marine ecosystems in which they take place (Miller 2011a).

The ‘ecological effects’ (e.g. yield and species distribution changes) alluded to
by Miller (2011b) raise important questions in their own right concerning the rel-
evance of understanding future consequences for, and of, living resource exploita-
tion in the Southern Ocean marine ecosystem—(1) what social-ecological system
components contribute to high, or low, vulnerability or resilience, of the Southern
Ocean marine ecosystem?, and (2) what can be learnt from the Southern Ocean
marine social-ecological systems, where exploitation of marine living resources is
considered in terms of relevant and interactive subsystem sustainability? Assessing
the ‘resilience’ of the Southern Ocean marine ecosystem to potential impacts, both
human and environmentally induced, is crucial for answering these two questions.

‘Biological resilience’ is defined as ‘the ability of a natural system to absorb
and accommodate future events in whatever unexpected form they may take’
(Holling 1973, p. 14). This definition can be extended to ‘ecosystem’ and ‘social
systems resilience’ on the basis of the structural, functional and organisational
changes that the systems are able to withstand, or absorb (Gunderson and Holling
2001; Perry et al. 2010).

The Intergovernmental Panel on Climate Change (IPCC) considers ‘resilience’,
‘vulnerability’ and ‘adaptive capacity’ to be important in the context of climate
effects on human communities. Consequently, the definition of ‘resilience’ can be
recast as ‘social-ecological resilience’, or “the capacity of inter-linked social-
ecological systems to absorb potential impacts while still retaining essential ‘struc-
tures’, ‘processes’ and ‘feedbacks’” (Adger et al. 2005, p. 1036). As illustrated in
Fig. 3.2, exposure (E) of Southern Ocean fish production to specific environmen-
tal, or fisheries, impacts combines with consequent economic/ecological sensitivity
(S) to determine the extent of potential impacts (Pi). Adaptive capacity (Ac) is
then the ability of the system® to respond to environmental changes, impacts

30 Here a ‘system’ is considered to be a Southern Ocean region, state, fisher, fishery sector or
fishery operator.
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Fig. 3.2 Southern Ocean marine ecosystem vulnerability framework illustrating system
responses to potential impact-induced stress/stresses. Adapted from Fig. 9.10 in Miller (2011b)

(including from overfishing), or contingencies, in such a way as to promote marine
living resource sustainability while retaining ecological, economic and socio-polit-
ical opportunities. Building on IPCC (2007) thinking, adaptive capacity would
thus reflect the ability of the Southern Ocean marine ecosystem to adjust to
impacts [including natural variability, extremes and human-induced change(s)] in
ways that moderate potential damage and take advantage of possible opportunities,
and/or copes with any consequences. The future vulnerability (V) of the Southern
Ocean marine ecosystem and its marine living resources is thus likely to be a func-
tion of the nature, magnitude, rate of change and variation attached to a fishery in
terms of the ecosystem sensitivity and adaptive capacity to such exposure.
Following Daw et al. (2009), Miller (2011b) has developed a ‘sustainability
framework’ for Southern Ocean fisheries, where fisheries are viewed as ‘assets’
with significant ‘capital value’ attached (Table 3.1). For example, the krill fishery
possesses both ‘natural’ and ‘physical’ capital where the former is dependent on
the natural attributes of the stock(s) being fished. The latter comprises the physical
assets (e.g. vessels and processing capabilities) required to undertake fishing. The
human, natural, physical, social and financial capital of the fishery is interdependent
and subject to various potential impacts in a vulnerability context, while policies,
institutions, processes and industrial outcomes potentially affect the krill resource’s
status as an economic asset. In turn, controlling influences reside with management
action that affects resource access. It is also a function of extreme events, trends and
seasonality that impact krill fishing and hence the fishery’s capital asset value.
Therefore, the key factor in determining how a krill sustainability framework
may unfold rests with the inherent values ascribed to the fishery, and the contin-
gent costs associated with its management. This requires that benefit values of the
Antarctic marine ecosystem are seen to include long-term conservation, economic
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Table 3.1 Southern Ocean fisheries sustainability framework assets

Natural capital Resource stocks (e.g. fish, genetic, ecosystem) and/or
environmental attributes (e.g. oceanic conditions)
underpinning resource production and from which
fisheries derived

Physical capital Physical assets required to support and derived from
fisheries, including basic infrastructure and producer
goods to support such fisheries and associated
industries (e.g. ship building)

Human capital Accumulated skills, knowledge, labour, health and
physical capability for successfully pursuing a viable
industrial sustainability framework for fisheries

Economic/Financial capital Capital base (e.g. cash, credit, investment, savings and
other economic assets) essential for pursuing a viable
industrial sustainability framework strategy for
fisheries

Social capital Social resources (e.g. networks, claims, cooperation)
which require coordinated actions to pursue different
industrial sustainability framework for fisheries

and cultural advantages (Sumaila 2004, 2008; Sumaila and Walters 2005). While
fishery values are usually based on economic preferences alone (Arrow et al.
1993), the historic exploitation of Southern Oceans marine living resource (e.g.
whaling) have largely compromised such values (Leaper and Childerhouse 2013).
Here, economic imperatives have waived trade-offs attached to target resource
sustainability in favour of limited time constraints and maximisation of eco-
nomic expectations. For seals, whales and some finfish, including toothfish IUU,
exploited stock sustainability has been substantially sacrificed for economic
gain (Woehler et al. 2013). In the case of sealing and whaling, this sacrifice has
impacted ecosystem function (e.g. see Laws 1989).

Cochrane and Doulman (2005) suggest that unsustainable fishing practices
are the result of a systematic failure to balance biological and ecological, sustain-
ability with socio-economic expectations. In these terms, current valuations of
Southern Ocean fisheries run the danger of focusing on economic benefits alone,
with associated marine ecosystems being viewed solely as sources for derived
commodities which are then sold (Perry et al. 2010; Neufeld et al. 2013). The sta-
tus of the ecosystem(s) then becomes vulnerable to a ‘clear and present danger’
when a fishery has so much invested in its operation that there is general resistance
to its closure, even when income, profits and livelihoods are declining (Pollnac
and Poggie 2008). Such ‘self-actualisation’ epitomised Southern Ocean whaling
(Darby 2007), and is at the center of an on-going global debate concerning fish-
eries subsidies where potential economic ‘hardships’ arising from unsustainable
exploitation are economically supported for political, or social, reasons (Cochrane
2000). It therefore seems logical to expect that any future failure to adequately
regulate fishing in the Southern Ocean, particularly of a key species such as krill,
will significantly impact the target stock(s). A secondary result is the increased
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likelihood that catastrophic breakdowns will occur in the sustainability framework
alluded to above. Therefore, is it possible to forecast, or predict, such breakdowns
in the context of future consequences for the Southern Ocean marine ecosystem
and its harvested resources?

3.4.3 Forecasting Impacts on the Southern Ocean Marine
Ecosystem

A subtext to the discussions here are the inherent difficulties associated with
separating harvested stock and ecosystem impacts from those attributable to the
Southern Ocean’s natural variability. The situation is common to most ocean areas,
but the Southern Ocean’s extreme environmental and geographic conditions have
long been viewed as crucially important in determining krill eco-physiology, ecol-
ogy and biology in particular (Miller and Hampton 1989; Atkinson et al. 2009).
The situation is further complicated by extreme events such as changes in the
extent, or nature, of oceanic upwelling, other ocean circulation changes due to
atmospheric forcing [e.g. El Nifio-Southern Ocean Oscillation (ENSO)] and habi-
tat changes (Hewitt and Lipsky 2008).

For such reasons, interactions between krill fishing and the Southern Ocean envi-
ronment assume prominence if the associated social-ecological systems are forced
into states that pose unacceptable challenges to CCAMLR’s sustainable management
of the fishery. Should ecological or marine living resource thresholds (‘tipping points’)
be reached, piecemeal management is unlikely to achieve sustainable outcomes for
target stocks. The management regime is also likely to be insufficient in providing for
effective, long-term mitigation policies, strategies or actions (Daw et al. 2009).

To date, the future performance of the krill fishery has not been specifically
evaluated in terms of likely impacts on the stocks being exploited and the ecosys-
tems in which fishing takes place. In the latter respect, the reverse is equally true
in that climate effects have not been formally assessed, but are likely to impact
significantly on Southern Ocean marine living resources such as krill (Atkinson
et al. 2009). To forecast, or predict, future krill fishery impacts on the Antarctic
marine ecosystem, it is important to objectively contrast these considerations with
the past in a coherent framework.

The framework here offers a pragmatic and cost-effective way of evaluating
the future of both the krill resource and the Southern Ocean marine ecosystem. It
focuses on a risk management process (Fig. 3.3 and Appendix I) that relies on—
(1) identifying potential risks attached to fisheries performance through an analysis/
assessment of performance breakdowns, (2) nominating high performance, impact-
risk items to be addressed, (3) precisely defining high risk items to be targeted,
(4) developing metrics (e.g. numerical ranks ranging from ‘Low’ to ‘High’) to reflect
the potential impacts of targeted risk items, (5) developing strategies, unique to tar-
geted risk items, to provide remedial action and reduce negative effects of Southern
Ocean fisheries-induced ecosystem performance breakdowns, (6) developing and
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Fig. 3.3 A Southern Ocean fisheries impact risk assessment and management process. See text
and Appendix I for explanation

implementing formal impact management plans to monitor, review and adjust reme-
dial action for, including risk mitigation of, such breakdowns and (7) developing
appropriate reporting procedures to disseminate information on the above.

The process identifies impacts and addresses performance breakdowns. It
shows that the most important individual ‘impact’ ratings for the future fall within
a critical range that includes, in order of priority, climate change, increased
uncertainty, harvested stock sustainability, political will and compliance
enforcement.

3.5 Conclusions

This chapter has examined Clarke and Harris’s (2003) general assertion that
harvesting and unsustainable fishing are the most dominant future threats to the
Southern Ocean marine ecosystem, along with associated cumulative impacts
from climate change and pollution. The analyses undertaken here largely sub-
stantiate this assertion. However, a major ‘break’ with the past is that physico-
biological (climate change) impacts are likely to dominate the ecosystem’s future,
particularly when they are coupled with growing uncertainty attached to fully
ascribing impact ‘cause and effect’ properties to climate change. Sustainable fish-
ing and effective harvested resource management are also important drivers for
the future. Thus, compliance with, and enforcement of, effective management
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solutions for human activities in the Southern Ocean marine realm remain seri-
ous considerations in terms of applying the necessary ‘political will’ to amelio-
rate human impacts in the future. Put simply, the potentially negative impacts of
increased ecological uncertainty, along with unsustainable and badly managed
exploitation of Antarctic marine living resources, rank alongside the potential
risks associated with climate impacts. To a large extent, this conclusion vindicates
Clarke and Harris’s (2003) earlier analyses.

Nonetheless, if ‘the future is not what it used to be’, the potential development
of a large-scale krill fishery in the foreseeable future could be viewed as the last
step in ‘fishing down the Antarctic marine food chain’. In turn, the risk of what
Osterblom et al. (2010) have termed ‘fishing down the governance index” would
increase the risk of unregulated fishing and the krill resource becoming economi-
cally ‘run down’. Any impending threat to the krill fishery from unregulated fish-
ing is therefore likely to have profound implications for both the Antarctic marine
ecosystem and its management.

Mitigation measures to counter potentially negative impacts by the Southern
Ocean krill fishery on the marine ecosystem can be consolidated into three key
actions: (1) promoting increased fisheries/ecosystem resilience, (2) adopting long-
term adaption planning and (3) improving environmental and fisheries manage-
ment/monitoring. With respect to (3), the recent convergence of work undertaken
by SC-CAMLR and the CEP in relation to MPAs cannot be over-emphasised.

As few fisheries management agencies explicitly address high seas fisheries cli-
mate impact issues on their agendas (Nicol et al. 2007), there is some merit in for-
malising such considerations, and in commencing development of interactive
risk-based approaches to augment the current fisheries-climate impact-management
‘toolbox” (Miller 2011b). For example, a climate impact decision-making schema
could be formalised. As a first step, management decision pathways should be iden-
tified, based on physical, ecological, economic/social and management/monitoring/
research qualities. These would then be incorporated into a matrix of stated objec-
tives for such considerations as GHG?! emissions, physical changes, harvested spe-
cies productivity, fisheries and socio-economic factors. Specific model attributes
would be linked to a defined expert-based, decision-making model schema (Miller
1987), which then may be used within one, or more, decision scenarios (Starfield
et al. 1988). This would allow decision trade-offs to be identified and evaluated in
terms of specific parameter (e.g. fishing) levels. These levels may then be related to
any dramatic change in other attributes (e.g. harvested stock yields), and combined
with a specified environmental impact (e.g. sea temperature). The same model
could be applied to improve precision of key parameter estimates, thereby reducing
the variance of potential outcomes used for identifying research, or management,
priorities.

Despite the complexities outlined, CCAMLR arguably has the best record of inte-
grating environmental considerations into the management of the fisheries for which
it is responsible (Croxall and Nicol 2004; Small 2005; Willock and Lack, 2006).

31 Green House Gas.
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As confirmed by the 2008 appraisal of its performance (CCAMLR 2008),
CCAMLR applies precaution and a scientifically based ecosystem approach to
pursue sustainable and ecosystem ‘friendly’ harvesting practices. In so doing,
CCAMLR takes full account of the needs of dependent and related species, even if
only implicitly in its krill management procedures at this stage (Miller and Agnew
2000; Miller 2011a). It also mandates minimum reporting standards for catch,
fishing effort and bycatch. These are essential to building current, and future,
knowledge of important harvested species, fishery and ecosystem dynamics.

However, the future of sustainable fishing in the Southern Ocean is criti-
cally dependent on effective implementation of, and compliance with, essen-
tial CMs. Both the present and the future are very different from the past largely
due to CCAMLR’s very existence and the impending scope of the krill fishery.
However, as Croxall and Nicol (2004) have intimated, the future wellbeing of the
Southern Ocean marine ecosystem does not rest with CCAMLR alone. In com-
mon with other ocean areas, there is a global need to—(1) eliminate IUU fish-
ing, particularly by outlawing flags of ‘non-compliance’, (2) develop new, and
vastly improve current, efforts to coordinate management and the effective govern-
ance of ocean spaces, particularly the high seas, and their attached ecosystems,
(3) enhance adaptability to a changing world through the improved incorporation
of focused ecosystem-based principles into appropriate management practices and
(4) improve knowledge of potential linkages between the physical environment
and biological productivity at all scales, so as to improve the levels of confidence
attached to scientific advice on which management decisions are based.

While global interest in Antarctica and the Southern Ocean remains high, the
seamless integration of the ATS with more global instruments, such as UNCLOS,
remains unclear in some instances.3? As a result, there is merit in considering how
the understandings set out in various ATS instruments, most notable the Treaty
itself and the Convention, might be used to take account of more global considera-
tions (e.g. IUU fishing) and other commercial activities (e.g. bioprospecting) in the
Southern Ocean (Hughes and Bridge 2010). It is here that the need to ensure that
the ‘future is not what it used to be’ comes to the fore. With krill’s lowly trophic
status, the species’ overexploitation is likely to provide for more serious ecological
consequences than Southern Ocean whaling ever did.

If both effective governance and cost-efficient environmental management
are at the center of sustainably managing Antarctic marine living resources, then
protecting their associated ecosystems is an equally important consideration. It
remains to be seen whether the ATS in general, and CCAMLR in particular, have
a role to play in providing for the future health of the Antarctic marine ecosystem.
At a minimum, the following four key areas (after Miller 2000) should be pursued.

First, there is a need to preserve the Antarctic Treaty’s key environmental pro-
tection provisions through continued promotion of peaceful coexistence, freedom

32 For example, claims relating to the limits of the continental shelf in the Antarctic Treaty Area
(Armas-Pfirter 2010, pp. 489— 492) have drawn at least three different responses from Antarctic
claimant and non-claimant states.
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of scientific investigation and cooperation. This is augmented by a need to
delineate more clearly the Treaty’s powers and responsibilities in respect to the
Convention’s objectives. Southern Ocean bioprospecting (Cohen 2010), the con-
tinued prosecution of objective science (Hughes and Bridge 2010) and areal (i.e.
biodiversity) protection (CCAMLR 2004) are of particular concern.

Second, thought should be given to how the ATS might be expanded to broaden
political representativeness from a global perspective. This would aim for wider
participation by the global community in decision making associated with the
Southern Ocean’s environmental wellbeing (Parsons 1987), particularly if the krill
fishery expands to a globally significant level. CCAMLR’s response on VMEs to
UNGA Resolution 61/105 is a clear example of where global and CCAMLR con-
cerns have converged.

Third, technical, cost-effective and cooperative ways should be carefully con-
sidered to promote ATS objectives in terms of sustaining Southern Ocean marine
ecosystem health (Miller 2002; Everson 2002).

Fourth, ways should be sought to strengthen links between ATS environmen-
tal conservation and protection provisions, as well as with other relevant global
instruments aimed at managing human activities in the marine environment. The
strength of such linkages is particularly important for ameliorating the effects of
climate change in the Southern Ocean as a whole (Trathan and Agnew 2010).

Such considerations are congruent with the long-recognised need to reflect on
changes to be made in pursuance of the Southern Ocean’s governance remaining
responsive to all humankind’s needs and interests (Parsons 1987). The continued
environmental ‘well-being’ of the Antarctic marine ecosystem is a pervasive such
need, particularly if the global challenges of environmental uncertainty, climate
change impact, food security and sustainable capture fisheries are ever to be satis-
factorily understood, equitably addressed and effectively managed. As Garcia and
Rosenberg (2010, p. 2876) have stressed—*the nutrition and livelihoods of many
hundreds of millions of dependent people, will rest critically on managing fisher-
ies more responsibly’. The Southern Ocean and its attached krill fishery are no
exception to this insightful observation, while the multiple failures of past exploi-
tation in the region sound a strong warning on why the future should differ from
the past.

Appendix I

Figure 3.3 outlines the future evaluation and risk management process used. The
process aims to identify and predict the severity of specific impacts on, or break-
downs in, Southern Ocean marine living resource sustainability and associated eco-
system qualities in the medium to long-term (5-25 years). It comprises three steps:
(1) the setting of a high order objective to bound the risk inherent in Southern
Ocean human activity, or ecosystem, breakdowns in respect of potential impact
effects; (2) assessment to identify, analyse and evaluate risk attached to such break
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Table 3.2 Future impacts affecting Southern Ocean marine living resources and/or ecosystems

Impact drivers Impact categories

Impact Likelihood Severity
Physico—biological impacts
Climate change 5 4 20
Ocean circulation 4 3 12
Sea temperature 4 3 12
Ecological impacts
Productivity 4 3 12
Trophic shift(s) 4 3 12
Increased uncertainty 4 5 20
Fishery impacts
Stock sustainability 5 4 20
Unregulated fishing (IUU) 4 3 12
Ecological 3 3 9
Socio—economic impacts
Economic needs/expectations 4 2 8
Sustainability framework(s) 4 3 12
Food security 3 3 9
Management impacts
Management legitimacy 4 3 12
Compliance enforcement 4 4 16
Political will 4 5 20
Governance impacts
Environment 4 3 12
Social 4 3 12
Legal 4 3 12

Impacts (i.e. ‘impacts on’) are graded into five categories ranging from ‘negligible’ (1) to ‘criti-
cal’ (5) (Table 3.4). Impact likelihood is the mean of the impact’s estimated duration and the
probability of its occurrence. The estimated impact duration is grouped into five time period
categories (1-5) of 1-5, 6-10, 11-20, 21-50 and 51+ years. The impact probability ranks from

1 (unlikely) to 5 (highly probable). The matrix in Table 3.5 sets the values used to designate the
final impact severity and is the product of the impact grading and likelihood. This score is ranked
according to the severity matrix levels (minor to critical) identified in Table 3.5

downs and (3) a treatment of the identified risks themselves. In its entirety, the
process is a systematic, and objective, attempt to identify impacts, address perfor-
mance breakdowns and improve any attached impact mitigation strategies.

Five specific impact categories (Table 3.233) and a number of specific ‘impact
drivers’ (Table 3.3) are identified. The potential impacts were subject to the predic-
tive evaluation process as follows. The impact ratings for each category were graded
according to the criteria (‘negligible’ to ‘critical’) outlined in Table 3.4. The ‘likeli-
hood’ of each impact category occurring was also identified following the procedure
outlined in the legend to Table 3.2. Likelihood was ranked from 1 (‘unlikely’) to 5
(“certain’) in terms of the perceived probability that an impact will affect a harvested

33 The “impact drivers’ identified in Table 3.2 are outlined in more detail in Table 3.3.
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Table 3.3 Description of ‘impact drivers’ analysed as outlined in the text, Tables 3.4 and 3.5

Impact driver

Description

Physico—biological impacts
Climate change

Ocean circulation

Sea temperature

Ecological impacts

Productivity

Trophic shifts

Increased uncertainty

Fisheries impacts
Stock sustainability

Unregulated (IUU) fishing
Ecological

Socio-economic impacts

Economic needs/expectations
Sustainability framework(s)
Food security

Management impacts
Management legitimacy
Compliance enforcement

Political will

Governance impacts
Environment

Social

Legal

Impacts attributable to direct (e.g. decreased sea-ice) and/or
indirect (e.g. sea-level rise) climate impacts on Antarctic
marine ecosystem

Changes in ocean circulation patterns affecting biota
attributable to environmental variability and/or climate
change

Sea temperature impacts on biota physiology, distribution
and productivity

Ecologically linked impacts (.e.g. increased UV-B due
to ozone depletion) affecting biological productivity
directly and/or indirectly

Impacts on ecological functional relationships between
species

Ecological impacts from extreme events and increased
variability

Fishing compromising/seriously affecting harvested stock
sustainability

Fishing compromising harvested stock sustainability and
function attributable to unregulated fishing

Fishing impacts on marine ecosystem (e.g. bycatch and
incidental mortality)

Economic impacts on harvested stock sustainability
Impacts on Southern Ocean sustainability framework
Impacts arising from food security issues

Impacts from perceptions/status of management and/or
regulatory legitimacy

Impacts attributable to implementation efficacy of monitor-
ing, control and surveillance measures/actions

Financial, political and logistical impacts on implementa-
tion of management/regulatory measures

Impacts affecting balance of marine ecosystem capacity/
function with human impacts (e.g. pollution)

Impacts on sustainability framework in context of FAO
Code of Conduct for Responsible Fisheries® core
principles

Impacts affecting standing, standardisation and/or
implementation of international fisheries agreements/
provisions, as well as development of appropriate new
agreements/provisions

41995 Food and Agriculture Organization Code of Conduct for Responsible Fisheries. Retrieved
from ftp://ftp.fao.org/docrep/fao/005/v9878e/v9878e00.pdf
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Table 3.4 Values for different impact levels of impact on, or by, Southern Ocean marine living
resource activities and the marine ecosystem

Value Potential impact

1 Negligible impact on the Southern Ocean ecosystem or fishery. management
implications/consequences are also negligible

2 Minor impact on the Southern Ocean ecosystem or fishery with no medium
or long-term effects. management implications/consequences are also
minor

3 Major impact on the Southern Ocean ecosystem or fishery with no long-term
effects. management implications/consequences are also major

4 Serious impact on the Southern Ocean ecosystem or fishery with potential
long-term effects. management implications/consequences are also
serious

5 Critical Impact on the Southern Ocean ecosystem or fishery with potentially
enduring effects. management implications/consequences are also
critical

Table 3.5 Impact severity score matrix with score levels indicating impact consequences—
Minor = 1-4; Major = 5-9; Serious = 10-15; Critical = 16-25

Impact Impact
Duration

1 2 3 4 5
1 1 2 3 4 5
2 2 4 6 8 10
3 3 6 9 12 15
4 4 8 12
5 5 10 15

stock, marine ecosystem or physical environment. To determine the potential sever-
ity each impact, a matrix of four severity levels was used (Table 3.4), where:

Minor Severity: Impact x Likelihood = Severity Score of 14
Major Severity: Impact x Likelihood = Severity Score of 5-9
Serious Severity: Impact x Likelihood = Severity Score of 10-15
Critical Severity: Impact x Likelihood = Severity Score of 16-25

Each impact’s severity level provides a rank for its future importance in terms
of the probability that it will exert a notable effect on either the Southern Ocean’s
marine resource sustainability or marine ecosystem. The highest ranked impacts
carry the greatest risk of inducing ‘irreversible ecosystem changes’, thereby
requiring development, or application, of appropriate mitigation, or management,
strategies.
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Based on the average score per category, Table 3.3 shows that management
(16), climate change (15), ecological (15) and fisheries impacts (14) appear most
likely to affect the future of the Southern Ocean marine ecosystem. In terms of
fisheries, the most important individual ‘impacts’ falling within the critical range
include climate change, increased uncertainty, stock sustainability, political will
and compliance enforcement. The predictive evaluation of potential future scenar-
ios identifies the most important individual ‘impacts’ falling within a critical range
include climate change, increased uncertainty, stock sustainability, political will
and compliance enforcement.
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Chapter 4
Present and Future Conservation
Management of Antarctic Baleen Whales

Rebecca Leaper and Simon Childerhouse

Abstract The massive reduction of whales as a result of commercial whaling is one
of the single largest human impacts to the Antarctic marine ecosystem. Systematic
hunting of over 1.3 million whales, in only 70 years, almost eliminated an entire
group from the marine ecosystem. While the setting of catch limits to zero for
conservation and management purposes (the moratorium) has saved many heavily
exploited populations from extinction, at the same time there has been a dramatic
expansion of ‘Special Permit’ (scientific) whaling, conducted both within and out-
side of designated whale sanctuaries. Here we discuss a number of future manage-
ment scenarios that include an expanding conservation agenda, a continuation of
‘Special Permit” whaling, a cessation in whaling, and resumption of commercial
whaling. To conclude, we briefly speculate on a number of potential threatening
processes associated with growing levels of commercial, governmental and private
human activity that may not only impact whales but Antarctica as a whole.
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4.1 Introduction

Despite the fact that Antarctica is the only continent not to have a long-term his-
tory of human contact and habitation, the massive reduction of baleen whales' as a
result of commercial operations is one of the single largest human impacts to the
Antarctic marine ecosystem. The International Whaling Commission? (IWC) was
created when many of the major whale stocks were already in decline due to over-
exploitation. As whale stocks crashed, the IWC set reduced or zero catch limits for
some depleted species however, in 1982 the IWC adopted a decision (that came
into force in 1986) setting all remaining commercial whaling catch limits to zero
for an indefinite period® (the ‘moratorium’). Commercial whaling continued until
1986 (and subsequently by nations with objections). The Southern Ocean
Sanctuary (SOS) a ‘no take’ zone was established in the Southern Ocean in 1994.4
The moratorium on commercial whaling is at the center of controversy between
those who advocate for a continuation of whaling and those advocating for a con-
tinuation of protective measures to allow for the full recovery of whale popula-
tions and for the development of alternative, non-lethal uses (e.g. whale watching).
In this chapter we discuss the present and future conservation management of
Antarctic baleen whales under four different scenarios that include (1) ongoing
considerations of the IWC, (2) continuing ‘Special Permit” whaling, (3) cessation
of whaling and (4) widespread whaling. Although difficult to assess, we also con-
sider the future conservation management of baleen whales in the face of a range
of other threatening processes that may impact all of Antarctica rather than just
whales.

1 Six species of baleen whale are defined as true Antarctic whales. These species are hump-
back (Megaptera novaeangliae), blue (Balaenoptera musculus intermedia), Antarctic minke
(Balaenoptera bonaerensis), fin (Balaenoptera physalus), sei (Balaenoptera borealis) and south-
ern right (Eubalaena australis) whales and all are generally found south of the Antarctic Polar
Front, at approximately 50-60°S.

2 The intergovernmental body established in 1946 to ‘provide for the proper conservation of
whale stocks and thus make possible the orderly development of the whaling industry’.

3 The decision is codified in Paragraph 10(e) of the IWC Schedule, which reads:
‘Notwithstanding the other provisions of paragraph 10, catch limits for the killing for commer-
cial purposes of whales from all stocks for the 1986 coastal and the 1985/86 pelagic seasons and
thereafter shall be zero. This provision will be kept under review, based on the best scientific
advice, and by 1990, at the latest the Commission will undertake a comprehensive assessment of
the effects of this decision on whale stocks’.

4 The northern boundary of the Sanctuary follows the 40°S parallel of latitude except in the
Indian Ocean sector where it joins the southern boundary of that sanctuary at 55°S, and around
South America and into the South Pacific where the boundary is at 60°S.
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4.2 Past and Present Status of Baleen Whales

Baleen whales are an important ecological component of the Antarctic marine eco-
system not least by virtue of their large size and longevity, their (once) large bio-
mass, and their specialisation in krill as a major food resource. Baleen whales are
also ecologically significant as stores and movers of nutrients (iron, carbon and
nitrogen especially) and energy, within and between different components of the
ecosystem and across its boundaries (Trites et al. 2004; Nicol et al. 2010). They
transfer biological production between different trophic levels, and across ocean
basins through their long-range annual migrations that link breeding and calving
events in low latitude tropical waters to feeding events in high latitude polar waters
(Nicol et al. 2008). It is therefore likely that the loss of baleen whales had impor-
tant and unique effects on the Antarctic marine ecosystem (Nicol et al. 2012).
Modern industrial whaling began in the Southern Ocean in 1904. By then, some
species (e.g. southern right whales) were already severely depleted and no longer
commercially viable. The total number of southern right whales killed between 1770
and 1900 is conservatively estimated at about 150,000 of which 48,000-60,000 were
killed in the 1830s alone (Reilly et al. 2008a). Figure 4.1 shows the catch history for
the remaining five Antarctic species. Humpback whales were heavily exploited early
on in the twentieth century. Between 1904 and 1914, shore based whaling operated
with remarkable efficiency taking a total catch of 36,605 whales, 85 % of which were
humpbacks, with 69 % of these catches taken at South Georgia (Leaper et al. 2008).
Large numbers (~43,000) were also illegally caught in the 1960s by the Soviet
Union (Clapham et al. 2009). Blue whales were extremely abundant in the past but
by the 1950s they were nearly extirpated in the Southern Ocean (Branch et al. 2008).

50000

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
year

Fig. 4.1 Reported catch for five species of baleen whales south of 40°S. Catch data as reported
in Leaper et al. (2008)
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Fin whales were the most heavily exploited whale in the Southern Ocean (in terms
of number of individuals) where during the twentieth century over 718,000 animals
were caught (Leaper et al. 2008). As fin whales became overexploited, sei whale
catching began and by 1977 over 125,000 sei whales had been caught (Leaper et al.
2008). Minke whales were the last of the baleen whales to be exploited, with over
104,500 caught, both in commercial and latterly the ‘scientific’ Special Permit whal-
ing operations that continued after the moratorium (Leaper et al. 2008).

Notwithstanding the global moratorium on commercial whaling, most spe-
cies are still at small fractions of their assumed former abundance despite decades
of protection (Leaper and Miller 2011). In addition to the IWC’s global ban on
commercial whaling, there are other international agreements that relate to the
protection of Antarctic whales. These include: (1) the Convention of the Trade in
Endangered Species (CITES) controls international commercial trade in species
listed on its Appendices; and (2) the Convention on Migratory Species (CMS) that
is concerned with the conservation of migratory species, their habitats and migra-
tion routes. All six species of Antarctic baleen whale are listed in the CITES and
CMS appendices (Table 4.1).

Most populations of humpback whales have increased since the end of whal-
ing (Reilly et al. 2008b) and overall are estimated to be at 39 % of their former
abundance (Leaper and Miller 2011). However, there are several humpback popu-
lations that remain small or for which no increase has yet been detected, i.e. the
populations breeding in the South Pacific. Consequently, the International Union
for Conservation of Nature (IUCN) has listed the Oceania subpopulation as
‘Endangered’ (Childerhouse et al. 2008). There are estimated to be just over 2,000
blue whales in Antarctica and their numbers are still about 1 % of their assumed
pre-exploitation level (Branch et al. 2004). Accordingly blue whales are listed as
‘Critically Endangered’ and are considered one of the most at risk baleen whales

Table 4.1 Conservation status of Antarctic baleen whales

Sp./Subsp./Subpop. Taxonomic level CITES' CMS

Humpback whale Species Appendix [ Appendix I
Oceania humpback whale Subspecies Not listed Not listed
Antarctic blue whale 2 Appendix | Appendix I

Fin whale Species Appendix | Appendix I and II
Sei whale Species Appendix 1 Appendix I and II
Antarctic minke whale Species Appendix 1 Appendix 11
Southern right whale Species Appendix I Appendix 1
Chile-peru southern right Subspecies Not listed Not listed

'With respect to Appendix I of the Convention on trade in endangered species (CITES), Iceland,
Norway and Japan hold reservations to specific listings that differ between the countries and
populations. See http://www.cites.org/eng/app/reserve_index.shtml. However, even for these
countries the reservations do not apply for the sei whale in areas from 0-70°E and from the equa-
tor to the Antarctic Continent, and for the fin whale in areas from 40°S to the Antarctic Continent
and from 120-60°W

The subspecific taxonomy of blue whales is not yet fully elucidated
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in the Antarctic marine ecosystem (Reilly et al. 2008c). Fin whales are currently
listed as ‘Endangered’ at just 2 % of an assumed pre-exploitation abundance of
about 325,000 whales (Reilly et al. 2008d). Sei whales are the least known of the
Antarctic baleen whales, and while there are currently no agreed estimates for
Antarctica, the IUCN has classified them as ‘Endangered’ (Reilly et al. 2008e).
There are no agreed estimates for minke whales, although total numbers are likely
to be in the hundreds of thousands (Leaper et al. 2008). As a result, the IUCN has
classified the minke whale as ‘Data Deficient’ until such time as IWC completes
its comprehensive assessment of population data (Reilly et al. 2008f). Southern
right whales appear to be making strong recoveries in some well-studied parts of
the range, for example Argentina/Brazil, South Africa and Australia, (IWC 2001).
Although still scarce relative to historic abundance at only 12 %, southern right
whales are not considered under threat at the hemispheric level (Reilly et al.
2008a). Nonetheless, some breeding populations are still very small, and data are
insufficient to determine whether they are recovering (Reilly et al. 2008a). Right
whales have been relatively slow to recover, as compared to humpbacks, and many
populations came perilously close to extinction during the late 19th and early 20th
centuries (Jackson et al. 2009).

4.3 Current Regulation and Protection

Whales in the Southern Ocean are currently protected from commercial whaling
under the IWC’s global moratorium and the Southern Ocean Sanctuary (SOS).
The International Convention for the Regulation of Whaling (ICRW) contains pro-
visions for the taking of whales for scientific research® and since then the Japanese
Whale Research Programme under ‘Special Permit’ in the Antarctic (JARPA T and
II) has been conducted every year from the 1987/88 austral summer seasons, and
by 2008/2009 has taken a total of 9,122 minke and 14 fin whales (Leaper and
Miller 2011). Japan is the only nation to operate ‘scientific’ whaling in Antarctica.
There has been widespread criticism of these ‘scientific’ programmes citing poor
scientific design, unachievable and unobtainable objectives and with some scien-
tists speculating that the poor quality of the underlying science provides good evi-
dence that Article VIII is being used to sustain Japan’s Antarctic whaling industry
rather than simply to address scientific issues related to management as is stated
by Japan (Gales et al. 2005; Clapham et al. 2006). Japan continues to reiterate that
these programmes address areas of importance to the management of whales,
whaling and the IWC (Japan 2005). In 2009, the Government of Australia

5 ICRW Article VIII permits a Contracting Government to grant to any of its nationals a special
permit authorising that national to kill,take and treat whales ‘for purposes of scientific research
subject to such restrictions as to number and subject to such other conditions as the Contracting
Government thinks fit, and the killing, taking and treating of whales in accordance with the pro-
visions of this Article shall be exempt from the operation of this Convention’.
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instituted proceedings against Japan at the International Court of Justice seeking a
ruling that the JARPA II programme is inconsistent with Article VIII of the ICRW
but the case is unlikely to be heard until 2012 at the earliest (Australia 2010).

4.4 Future Regulation and Protection

The IWC has consistently and repeatedly been recognised as the primary author-
ity for the management of whales in Antarctica (and elsewhere), both with respect
to the management of whaling but also for their conservation (Gillespie 2005).
However, there remains a considerable struggle between those member nations who
support the resumption of commercial whaling and those defending a continuation
of the moratorium. Supporters of the current moratorium are many of the countries
who were directly responsible for whaling excesses of the past, most of which now
express no desire to resume a commercial whaling programme. Supporters of com-
mercial whaling are those countries maintaining that the primary purpose of the
IWC is to ‘....thus make possible the orderly development of the whaling industry’.
For example, Japan’s whaling policy is in part based on the principle that whales
are one of many valuable food resources. The tension between these approaches cur-
rently characterises much of the debate in the IWC, and recent efforts to resolve the
impasse have failed (IWC 2010). This impasse is further complicated both by opera-
tions that undermine the moratorium such as (1) increased whaling under ‘Special
Permit’ by Japan and commercial whaling under objection by Norway and Iceland,
and (2) new and emerging non-whaling threats to whales that cannot be managed
within the present framework of the IWC or by the IWC alone, such as climate
change and marine pollution (Table 4.2). Unsurprisingly, the future for Antarctic
whales into the next 50 years is unclear, especially given that there is scant data with
which to assess the effects of non-whaling threats to baleen whales. We explore four
contrasting scenarios to provide a range of perspectives into the future: (1) a future
based on current IWC considerations, (2) a future based on the continuation of cur-
rent ‘Special Permit” whaling, (3) cessation of all whaling activities in the Southern
Ocean and (4) a return to wide-spread whaling. To conclude, we briefly speculate on
a number of potential threatening processes associated with growing levels of human
activity that may not only impact whales but on Antarctica as a whole. While the
four scenarios we present here by no means cover all possible scenarios for Antarctic
baleen whales, they at least provide a basis for thinking about how the conservation
of baleen whales and management of whaling activities may look like in the future.

4.4.1 Ongoing Considerations of the IWC

Since the implementation of the global moratorium, the IWC has discussed at
length a management regime that can be used to regulate future commercial whal-
ing. Such a ‘Revised Management Scheme’ (RMS) would likely include clauses
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Table 4.2 Known and potential threats to Antarctic baleen whales adapted from Leaper and

Miller (2011)

Actual/potential threat

Anthropogenic activity

Source literature
for demonstrated
impact in Antarctica

Commercial whaling
Scientific whaling
Pollution

Persistent Organic

Pollutants (POPs)
Oil spills
Sewage
Noise

Ship strikes

Tourism

Fisheries

Climate change
Temperature increase
Decreasing sea ice

Direct capture
Direct capture

Use of halogenated organic
compounds

Shipping activity, research
station resupply

Maintenance of research
stations, tourism

Shipping traffic, seismic
activity, fishing

Shipping traffic, tourist
operations

Transit activities, disposal
of sewage, small boat
operations

Entanglement in fishing gear

Expanded commercial
exploitation of whale
prey (e.g. krill)

Increased concentration
of carbon dioxide
in atmosphere

IWC (2010)
IWC (2007b)

Yasunaga et al. (2006)

Van Waerebeek et al. (2007)

Williams and Crosbie (2007)

Kock et al. (2006)
Nicol et al. (2012)

Leaper et al. (2006)

Altered currents
Change in prey distribution

that specify the type of data to be collected, how those data would be used to pro-
vide management advice, and the incorporation of a feedback mechanism, i.e. a
framework of observation and inspection schemes (Fig. 4.2). While certain com-
ponents of the RMS, such as the ‘Revised Management Procedure’ (RMP)® are
relatively fully developed, no mechanisms have yet been used to set catch limits.
One of the major stumbling blocks (and there are several) to agreeing an RMS
are concerns regarding independent observation and inspection in whaling opera-
tions, as this was one of the key missing elements that led to the massive over-
exploitation of whales in the past (Clapham and Baker 2009). Other contentious
issues include infractions of regulations and how they are dealt with and who
would pay for such a complex and likely expensive, management scheme (i.e.
just the nations undertaking whaling or all members of the IWC). With respect to

6 Conceptually the new catch allocation approach differed from its predecessors in that manage-
ment advice was to be based on a fully specified set of rules that would be tested in simulations
of a wide variety of scenarios that would specifically take uncertainty into account.
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Regular abundance estimates Information on catches and Handling of unbalanced sex
foIIowing “Bequirements and other anthropogenic removal ratios in the catch,
Guideline for Surveys” Management Areas, etc
“Catch Limit “Implementation” and Stock structure and other
Algorithm” | “Implementation reviews” #——— | information following “Guidelines
(every 5 years) for data collection and analysis

other than that required for direct
input to the CLA

Revised Management Procedure

v Appropriate measures to ensure that regulations
are obeyed, including financial aspects e.g.
— national and international observation and Revised Management Scheme
inspection, DNA registers, review procedures,
penalties and compliance procedures

Catches set by
“Small Area”

Fig. 4.2 IWC Management Procedure (adapted from Punt and Donavan 2007)

infractions, the IWC has no ability to impose sanctions or penalties directly and
the Commission must depend on the whaling countries themselves to take the nec-
essary action under domestic legislation which has not always been successful.
Negotiation of the RMS was suspended by the IWC in 2006 due to the inability of
the negotiation process to make progress IWC 2007a).

While seemingly unlikely in the near future, it is always possible that there will
be a negotiated return to commercial whaling through the IWC. Under this sce-
nario commercial quotas could be set for baleen whales in Antarctica using the
RMP which, if implemented correctly, is likely to allocate sustainable catch limits
for some populations. However, before recommending that the RMP be applied to
a species in a ‘region’ (generally part of an ocean basin), simulation trials must be
developed and run to capture the uncertainties deemed to be the most important
for that stock complex/region’ (Punt and Donovan 2007). A precursor to such an
‘Implementation’ requires that a ‘Pre-Implementation Assessment’® be conducted,
but as yet none have been conducted for any species of Antarctic baleen whale

7 This process, referred to as an ‘Implementation’ (in the IWC context, meaning that the
Scientific Committee notifies the Commission that it could produce information on catch limits
if asked to do so), focuses primarily on uncertainties about stock structure, in particular temporal
and spatial variation in the mixing of stocks in areas where whaling is to take place.

8 Where information about possible stock structure, specification of likely future removals (by

both whaling and other anthropogenic causes), hypotheses about the size and spatial distribution
of historical catches and the abundance and migration data are reviewed.
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(with the exception of the minke whale which is now considerably out of date).
Even if the RMP (and more importantly the RMS) was agreed for use in setting
catch limits, current negotiations at the IWC are moving towards discarding care-
fully developed scientific procedure in favour of ad hoc allowances that attempt to
balance the perceived need of whalers (i.e. the numbers they are presently killing)
against what might be palatable to conservationists (see e.g. Cooke et al. 2010).
The unwillingness to use the agreed version of the RMP is probably driven by the
expectation that RMP catch limits would be small. The alternative ad hoc method
of setting catch limits following a politically motivated and pseudo-scientific
approach would likely expose whale populations to greater risks than when
catches are subject to management procedures that are designed and tested to
ensure long term sustainability (Cooke et al. 2009, 2010).

While the agenda of the IWC has previously been heavily weighted towards the
‘management of whale resources’ in recent years the IWC has tried to broaden its
mandate by establishing a ‘Conservation Committee’ to consider threats other than
whaling (IWC 2004). The stated aim of the Conservation Committee was ‘to bring
the IWC into the twenty-first century by transforming it from a traditional fishery
management body to a modern conservation organisation with a comprehensive
agenda covering all aspects of the conservation of whales including protection from
environmental threats” IWC 2004). At its 2005 meeting the Committee agreed a
Conservation Agenda for work into the future (IWC 2006). In addition, the IWC
has begun developing ‘Conservation Management Plans’ (CMPs), directed towards
the delivery of conservation rather than exploitative outcomes (Australia 2008). The
stated aims for CMPs is to ‘support the recovery of vulnerable cetacean species or
regional populations and to address threats that affect multiple species’. CMPs are
proposed as internationally agreed, cooperative plans equipped to deal with all per-
tinent threats to given whale populations, including small cetaceans. The main con-
servation outcomes would include (1) reduction of by catch (2) regulation of whale
watching (3) recovery of whale populations and (4) the establishment of effective
sanctuaries. The precept for CMPs is synchronisation with other relevant interna-
tional arrangements, strong support from member governments and national adapta-
tion of the more wide reaching, regional CMPs (Australia 2008). As such, CMPs
may provide a positive step forward for a Convention that aims to consider a com-
prehensive agenda covering all aspects of the conservation of whales. While it is
unlikely that managed commercial whaling will commence in the near future, based
on the repeated impasses in negotiation, in the mean time, it is possible that the
impetus to focus IWC’s work on conservation may gain ground, which could influ-
ence the negotiation and development of a management regime in the years to come.

4.4.2 Continuing ‘Special Permit’ Whaling

Under this scenario, the assumptions we make are that: (1) commercial whaling
would remain prohibited in Antarctica, (2) ‘Special Permit” whaling continues to
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only catch minke and fin whales in similar numbers to the existing catch limits
and no new species are introduced and that (3) no new and emerging threats sig-
nificantly impact baleen whales. Hence, under this scenario, we expect that there
will be no impact from whaling on species other than minke and fin whales [and
perhaps humpbacks if Japan follows through with its plan to hunt these whales
as well; Japan (2005)]. This will allow for the recovery of these other species but
the degree of recovery is unlikely to be consistent across all whale species and
populations, given the considerable variation seen in present estimated rates
of increase (Sect. 4.2). Some whale populations are likely to continue to show
strong signs of recovery including some humpback whale stocks (i.e. those that
breed along the coasts of west and east Australia, east coast Africa and east coast
South America) currently estimated to be at more than 40 % of their estimated
pre-exploitation size and which are still increasing strongly at ~10 % per annum
(Leaper and Miller 2011). Some southern right whale populations are growing
strongly and are estimated to be doubling in number every 10-12 years (Reilly
et al. 2008a). By comparison, estimates from two independent, but preliminary
analyses of Antarctic minke whale data have shown that minke whales are esti-
mated to have declined by approximately 31-42 % between the 1980s and 1990s
(IWC 2011: Table 6). ‘Special Permit’ catches of minke whales have been impli-
cated in this decline but whaling is unlikely to be the major cause of the decline as
whaling is only conducted in about one third of Antarctic waters and the largest
declines are actually seen in areas where there is no whaling IWC 2011: Table 6).
Despite some populations of whales showing increases post-moratorium, some
other ‘sub’ populations [e.g. South Pacific humpback whales (Childerhouse et
al. 2008), South Georgia blue whales (Reilly et al. 2008c)] are showing little or
no evidence of recovery despite decades of protection, leading to the inevitable
conclusion that whaling may have extirpated some populations which may never
recover (Clapham et al. 2008). Under this scenario, most whale populations are
likely to continue to recover, however, other significant new negative influences,
e.g. climate change, with concomitant changes in prey distribution and habitat,
will certainly affect their recovery rates (see Sect. 4.5).

4.4.3 Cessation of Whaling Activities in the Southern Ocean

At present, the only whaling programme to operate in the Antarctic does so at a
significant financial loss and is only viable due to large subsidies and low-interest
loans from the Government of Japan (Ishii 2011). The increasing cost of fuel and
the large costs associated with redevelopment or replacement of the only Japanese
whaling factory ship that must be compliant with new legislation surrounding
the use of heavy fuels in the Antarctic (ASOC 2009; IMO 2009) will make an
expanded operation a financially risky venture. Furthermore, whale meat and other
products would have to significantly increase in value before they would cover
costs of such an operation, let alone generate a profit. In the past, many whaling
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nations did not necessarily abandon whaling for any real philosophical motiva-
tion to protect whales, but directly as a result of a low demand for products and/
or coupled with the depletion of most whale stocks to uneconomic numbers. Some
commentators have speculated that the primary motivation for the continuation of
whaling operations in Japan is to keep the skills and industry alive and ongoing in
preparation for a return to a commercial industry, in the event the moratorium is
ever lifted (Holt 2007). Others forecast that changes in Japanese culture and diet
are likely to lead to reduced consumption of whale meat which will, in turn, put
an end to Japan’s whaling activities (Hoek 2010). Interception of whaling fleets by
environmental groups Greenpeace and Sea Shepherd in the Southern Ocean have
succeeded in significantly disrupting whaling and reducing the number of whales
killed, turning Japanese public opinion against whaling and eating whale meat
(Roeschke 2009), while attracting considerable criticism from many quarters with
regards to the methods deployed. In 2011 Japan cut its whaling season short *...in
order to avoid any injury or threat to life of the [whaling] crew members and prop-
erty of the fleet caused by the continued illegal attacks and sabotage of the Sea
Shepherd’ (ICR 2011).

4.4.4 Widespread Whaling

A three quarter majority of voting members of the IWC would need to agree for
there to be any real prospect of a return to commercial whaling (and especially in
Antarctica where the SOS would also need to be overturned). This would require a
fundamental shift in the positions adopted by both pro-and anti-whaling countries
which has not happened despite constant discussions over the 25 years. Therefore,
it appears that, apart from whaling under ‘Special Permit’, there is no real prospect
of large-scale high seas commercial whaling resuming in the foreseeable future.
However, it is clear that a number of circumventions or exemptions to the mor-
atorium are possible. Options were tabled at the IWC in 2010 that would allow
for this by defining a new type of whaling that was not commercial, and therefore
would not be bound by the moratorium which would remain in place IWC 2010).
Despite considerable efforts by parties to reach a compromise solution, negotia-
tions stalled in 2010 and the IWC entered a ‘period of reflection’ without provid-
ing a clear vision for how to proceed.

Despite exceptions to the moratorium (which are likely to take protracted
negotiations to resolve) perhaps another possible scenario for increased whaling
(in Antarctic waters at least) will be through an expansion of the existing ‘Special
Permit” whaling programme conducted by the Government of Japan or through
other nations issuing new permits (although the latter at this stage seems extremely
unlikely). Any nation can unilaterally issue itself a ‘Special Permit’ to catch any
number of whales, in any location and completely independent of the constraints
of the moratorium. Small scale ‘Special Permit’ whaling was used by many nations
prior to the moratorium but only Japan, Norway, Iceland and Korea (for only a
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single year in 1986) conducted ‘Special Permit’ whaling post-moratorium and of
these, only Japan killed whales in Antarctic waters. In the case of Japan, a ‘Special
Permit’ whaling programme has been conducted every year in the Antarctic since
1987. As Cooke et al. (2010) state, ‘any constant level of catch, except a trivially
small one, will engender a high risk of severe depletion or even extinction if con-
tinued for long enough, because it does not allow for corrective action in the event
of the catch being unsustainable or during an environmentally related downturn’.
As yet no other nation has issued a ‘Special Permit’ for whaling in the Antarctic
which may in part due to the significant controversy and negative international
political pressure that has been brought to bear on Japan (and earlier on Iceland),
but also perhaps because other nations potentially interested in resuming whaling
(i.e. Korea) have been politely (and appropriately) waiting for the issue of the mor-
atorium to reach a negotiated settlement.

4.5 Synergies with Non-whaling Threats

Although whaling is likely to remain the most immediate threat to baleen whales
in contemporary Antarctica, whales are facing an increasing number of impacts
that are more subtle than whaling. Despite an increasing awareness of the poten-
tial impacts of human activities in the Antarctic marine ecosystem (see e.g. Tin
et al. 2009), little has been done to undertake a thorough analysis of locations
where human activity is occurring and concentrating, as well as a quantita-
tive assessment of potential impacts with respect to baleen whales (Leaper and
Miller 2011). Table 4.2 summarises the current evidence for known and poten-
tial threats to Antarctic baleen whales. Threats are thought to range from emerg-
ing and global problems—marine pollution and climate change—to localised
issues including shipping, habitat disturbance and unregulated wildlife tourism
and fishery activities, but detailed information of known impacts on a species by
species basis is scant (Leaper and Miller 2011). In addition, the interpretation of
the responses of baleen whale populations to new threats are especially difficult
to disentangle from the effects of exploitation, and may not be detected (or in
fact even be detectable) for some time given whales are such long-lived species.
The contemporary Antarctic marine ecosystem is the product of the cumulative
effects of exploitation over time as well as regional and global changes in the
physical and biological environment (Nicol et al. 2008). The long term dynamics
of Antarctic baleen whales will ultimately be affected by factors such as envi-
ronmental change and density dependent limitations to growth. While baleen
whales have developed life history strategies that keep them relatively buffered
from interannual variability in environmental conditions (Wade 2009), it is their
response to longer term environmental change that will be of primary importance
to their long term recovery and future status. With the removal of huge numbers
of predators (including whales) from the Antarctic marine ecosystem and the
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concomitant changes to the physical environment (Constable and Doust 2009),
it would be unrealistic to expect no change in the structure and function of the
Antarctic marine ecosystem. It is also likely that the current carrying capacity and
ecosystem structure is now different from that prior to pre-exploitation on both
the feeding and breeding grounds. How this might affect a new status quo for
whale populations however, is yet unknown. While we are far from being able to
understand the possible consequences of non-whaling threats to baleen whales, it
is clear that that these threats will not be addressed by a focus solely on the man-
agement of whaling.

4.6 Conclusions

The global moratorium on commercial whaling implemented in 1986 continues
to be at the center of controversy between those who advocate for whaling and
those who oppose it. Since its implementation 25 years ago, the moratorium has
saved many heavily exploited populations from extinction, allowed some popu-
lations to recover and seen the development of a conservation agenda within the
IWC. However, the moratorium has also been circumvented by continued whaling
in Antarctica through the loophole of ‘Special Permit” whaling, and more recently,
by efforts to abandon a carefully developed scientific procedure in favour of the ad
hoc setting of politically motivated catch limits. Given the protracted stalemate in
the IWC (the primary authority for the management of baleen whales), it is incred-
ibly difficult to predict the future for whales and whaling in Antarctica especially
in view of emerging non-whaling threats. It seems highly unlikely that a consensus
compromise will be reached that will reopen the Antarctic to large scale whaling
unless there are some significant shifts in member nations views regarding whales
and whaling. In addition, given the entrenched positions of pro and anti-whaling
nations, and the failure to move forward crucial debates concerning the capac-
ity for countries to ‘opt-out’ of responsible collective management; the dramatic
expansion of ‘Special Permit” whaling; and the lack of a robust compliance and
enforcement framework, one of the most plausible scenarios in the near term is
that Japan will continue to be the only nation whaling in Antarctica, unilaterally
setting a catch limit under ‘Special Permit’ provisions. For conservation outcomes
one can only hope that the IWC closes the loophole of ‘Special Permit” whaling
and supports the continuation of protective measures to allow for the full recovery
of whale populations (including the SOS) and for the development of alternative,
non-lethal uses, while baleen whales quietly get on with their business of recover-
ing (at least those not killed by ‘Special Permit’).
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Chapter 5

Global Movement and Homogenisation
of Biota: Challenges to the Environmental
Management of Antarctica?

Kevin A. Hughes, Peter Convey and Ad H. L. Huiskes

Abstract Globally, many thousands of species have been redistributed beyond
their natural dispersal ranges as a result of human activities. The introduction
of non-native species can have severe consequences for indigenous biota with
changes in both ecosystem structure and function. The Antarctic region has not
escaped this threat. The introduction of invasive species, including vertebrates,
invertebrates and plants, has altered substantially the ecosystems of many sub-
Antarctic islands. In contrast, the Antarctic continent itself currently has few
confirmed non-native species, but numbers are increasing. Possible future
increases in human presence in the region, either through tourism, governmen-
tal operators or other commercial activities, will increase the risk of further non-
native species introductions, while climate change may enhance the likelihood of
establishment and range expansion. Ensuring effective biosecurity measures are
implemented throughout the Antarctic region in a timely manner is an urgent chal-
lenge for the Antarctic Treaty nations and the Antarctic community as a whole.
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5.1 Introduction

5.1.1 Global Homogenisation of Biota

Homogenisation of biota results from the replacement of native species by locally
expanding non-native (synonyms: alien, exotic, non-indigenous) species (Olden
et al. 2004), or genetic homogenisation within species by connecting together pre-
viously isolated populations (Chown and Convey 2007). It is one of the major eco-
logical problems facing Planet Earth (McKinney and Lockwood 1999), the others
being habitat loss, climate change and pollution. However, in contrast with pollu-
tion, the impacts of which may decrease over time as the contaminant is dispersed
or degraded, a non-native species population may initially comprise of a single
or low number of individuals, with little impact on the indigenous biota, but with
time they may expand their distribution and alter irreversibly their host ecosys-
tems (Fig. 5.1). Biological invasions reduce the specific distinctions between biota
(Olden et al. 2004) and generally diminish biodiversity (Smart et al. 2006) lead-
ing, in turn, to changes in ecosystem structure and function (Mack et al. 2000).
Three stages can be distinguished: (1) introduction, (2) naturalisation and (3) inva-
sion (Richardson et al. 2000). Introduction means that an organism (or propagule
thereof) has been transported across a geographical barrier, which separates the
respective biotas. The naturalisation stage is reached when the introduced species
is able to reproduce successfully and regularly. This stage comprises successful
germination or hatching, establishment, growth and propagation. The invasive
stage plays the most important role in homogenisation, involving the local and
regional dispersal of propagules, which in turn produce successful offspring. Once
the invasive stage is reached, eradications are likely to be impossible and subse-
quent impacts upon local biodiversity irreversible (see Fig. 5.1).

Oilspill  Invasive
SpecleS

IMPACT

TIME

Fig. 5.1 Schematic representation of the relative impacts over time of two serious environmental
incidents: marine oil spill and introduction of an invasive species. Oil spills at sea may cause sub-
stantial damage to local wildlife, but with time, the oil evaporates or dissipates and impacts gen-
erally become reduced. In contrast, the environmental impacts associated with the early stages
of colonisation by a non-native species are low or non-existent, but should the organism become
established and then invasive, the consequences for indigenous biological communities may be
widespread and irreversible
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Although natural invasions occur [e.g. the collared dove (Streptopelia
decaocto) from Asia and the Balkans across all of Europe (Williamson 1997)],
contemporary homogenisation of biotas is largely human induced. Organisms
may be transported by human activities over considerable distances. Such trans-
port may be intentional, the organism having economic, aesthetic or other values.
However, inadvertently transported organisms have been a far more significant
origin of invasions globally over centuries or even millennia (e.g. Crosby 1972).
Accidental introductions can be numerous: 47 % of the New Zealand flora consists
of non-native species (Heywood 1989). A third way to facilitate the movement of
non-native species is the breach of natural dispersal barriers, for instance the con-
struction of shipping canals such as the Panama Canal, Suez Canal or the Rhine-
Main-Danube Canal. (e.g. Bij de Vaate et al. 2002).

5.1.2 Non-native Species in the Antarctic

The Antarctic! has to date been less affected by anthropogenic introductions of
non-native organisms, because of the relatively late arrival of humans on the conti-
nent (Hughes and Convey 2010) and the location of human activity, concentrated
around the sites of the research stations or sites frequently visited by tourists (Tin
et al. 2009). Again, organisms have been imported both deliberately and inadvert-
ently. Frenot et al. (2005) listed the non-native species known from the region at
that stage, focusing on terrestrial biota and tabulating 108 vascular plants, 72
invertebrates and 16 vertebrate species. A small number of new records have been
reported since then (e.g. Convey et al. 2010; Smith and Richardson 2011;
Greenslade and Convey 2012). The number of non-native cryptogams is not
known, as the Antarctic harbours many cosmopolitan cryptogam species (@vstedal
and Smith 2001; Ochyra et al. 2008). Knowledge of microbial diversity in the
region is very limited (although improving), hence little is known about non-native
microorganisms and diseases occurring in the Antarctic (Convey 2008; Kerry and
Riddle 2009; Cowan et al. 2011). We focus in this chapter mainly on introductions
in the terrestrial ecosystem, as there is more information available as compared to
the Antarctic marine ecosystem (but see Lewis et al. 2003, 2005; Lee and Chown
2007), where very few introductions are currently documented (Frenot et al. 2005).

5.1.3 Vertebrate Introductions

Non-native vertebrate introductions are all confined to the sub-Antarctic islands.
The two rat species (Rattus rattus and R. norvegicus) and the house mouse

1 We use the term ‘Antarctica’ to refer to the continent in a geographical sense, and ‘the
Antarctic’ in a biogeographical sense, i.e. including the sub-Antarctic islands.
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(Mus musculus) were introduced inadvertently, escaping from visiting or ship-
wrecked vessels. Although three northern bird species (on Macquarie Island),
Anas platyrhynchus, Sturnus vulgaris and Carduelis flammea are believed to have
reached the island naturally from other Southern Hemisphere locations (Frenot
et al. 2005; Copson and Whinam 2001), the other 10 species were introduced for
human consumption, or to eradicate rats and mice (cats).

5.1.4 Invertebrate and Plant Introductions

In the sub-Antarctic and Antarctica, most of the non-native vascular plants and
all invertebrate species were introduced inadvertently, with the exception of rab-
bit fleas carrying the myxoma virus, which were introduced to Macquarie and
Kerguelen Islands as a biocontrol agent to reduce rabbit populations (Chekchak
et al. 2000; Copson and Whinam 2001). At present relatively few non-native species
have been reported from Antarctica, but numbers are starting to increase.
In the terrestrial realm of the Antarctic Peninsula and Scotia arc region two
vascular plant species (Poa pratensis and P. annua), an enchytraeid worm
(Christensenidrilus blocki) and a chironomid midge (Eretmoptera murphyi) have
successfully established (Smith 1996; Dézsa-Farkas and Convey 1997; Hughes
and Worland 2010; Molina-Montenegro et al. 2012). There are a number of reports
of Collembola (springtails) from the Antarctic Peninsula region, but their cur-
rent status is unknown (Greenslade 1995; Greenslade and Wise 1984; Greenslade
et al. 2012). Poa annua has recently been reported adjacent to two Chilean sta-
tions and one Argentine station situated in the northern Antarctic Peninsula
(General Bernardo O’Higgins station, Gabriel Gonzdlez Videla station and
Almirante Brown station) (Molina-Montenegro et al. 2010) and a currently uni-
dentified trichocerid fly has been found in the sewage system and in the vicinity of
the Uruguayan General Artigas Station on Fildes Peninsula, King George Island,
South Shetland Islands (O. Volontario et al. pers. comm.). All known terrestrial
introductions are found close to research stations and this pattern is likely to con-
tinue in the future as increasing numbers of research facilities are constructed.
Species have also been recorded living synanthropically within research stations;
Hughes et al. (2005) reported two independent introductions of the non-native
dipteran Lycoriella sp. (black fungus midge) to the alcohol bond at the Rothera
Research Station (United Kingdom), and the sewage system at Casey Station
(Australia). The midges at Rothera Research Station were eradicated shortly after
introduction but, despite considerable eradication attempts at Casey Station since
it was first observed in 1998, it still persists within the buildings.

The green alga Enteromorpha intestinalis growing in the intertidal zone of Half
Moon Island (South Shetland Islands) is a marine species probably introduced via
vessel hulls (Clayton et al. 1997; Griffiths 2010). The issue of marine invasions has
not been adequately considered by the Antarctic Treaty parties, and may not be a
priority due to a combination of the likely high cost of implementing or developing
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technologies to reduce the risk of non-native species introductions on the hulls of
tourist or National Antarctic Program (NAP) ships (Lee and Chown 2007; Aronson
et al. 2011), and the practical difficulties of achieving any form of effective eradi-
cation of any species that becomes established in the marine environment.
Non-native species found in the Antarctic are often recognised only once estab-
lished and are therefore past the introduction stage (for examples see Hughes and
Convey 2012). Once established it can quickly become very difficult to eradicate non-
native species. Eradication of, for instance, established Sagina procumbens on Prince
Edward Island and Heard Island has only a temporary effect and needs to be repeated
regularly (N. Gremmen pers. comm.; K. Kiefer pers. comm.). On the sub-Antarctic
islands, several species have reached the invasive stage, such as Agrostis stolonif-
era and Poa annua on Marion Island, where these species show a negative influence
on the natural plant species diversity (Gremmen et al. 1998), or are in the process
of reaching the invasive stage [cf. Poa annua on King George Island, an example of
such a development in the maritime Antarctic (Olech and Chwedorzewska 2011)].
The number of visitors to the region has been increasing steadily since
the 1980s, which has presumably increased the propagule load accordingly.
Furthermore, climate amelioration in the sub-Antarctic islands and West Antarctica
will facilitate successful colonisation by non-native species, while the increasing
use of aeroplanes and helicopters provides potentially rapid transport over long
distances. This may cause a redistribution of native Antarctic organisms between
biologically separated areas (i.e. intra-regional transfer of species) which has been
highlighted as an increasing threat of homogenisation within the continent itself
(Convey et al. 2000; Chown and Convey 2007; Hughes and Convey 2010).

5.1.5 Present Legislation Within the Sub-Antarctic Islands
and Antarctica

Islands north of the Antarctic Treaty’s area of governance include the sover-
eign territories of six nations (United Kingdom, Norway, South Africa, France,
Australia and New Zealand) each of which enforces its own national legislation
concerning conservation and biosecurity issues. Levels of protection are gener-
ally high, with most islands recognised as nature reserves at a national, and in
some cases, international level (e.g. inclusion of Macquarie, Heard and McDonald
Islands on the UNESCO World Heritage list; de Villiers et al. 2006). As the sub-
Antarctic islands have already sustained variable, but often substantial, levels of
impact from invasive species (Convey and Lebouvier 2009), biosecurity standards
are now often high (Department of Environmental Affairs and Tourism 1996).

The Antarctic Treaty, which applies to the areas south of latitude 60°S, is the
legal instrument used to regulate activities in Antarctica, with the Protocol on
Environmental Protection to the Antarctic Treaty (signed in 1991, entered into force
in 1998; also known as the Environmental Protocol or Madrid Protocol) dealing
predominantly with environmental issues (ATCP 1991). All policy matters must
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be agreed by consensus at the, now annual, Antarctic Treaty Consultative Meeting
(ATCM) and then enacted into national legislation by each Party. Legislation
pertaining to the issue of non-native species is found within the Annex II
(Conservation of Antarctic Fauna and Flora) and Annex V (Area Protection and
Management) of the Environmental Protocol (ATCP 1991) (see Hughes and
Convey 2010 for more detail). Article 4 of Annex II contains much of the legisla-
tion prohibiting the intentional introduction of non-indigenous plants and animals to
the Antarctic Treaty area, which is only allowed for a defined scientific purpose and
in accordance with a permit. Annex II says little about the unintentional introduc-
tion of non-native species, but specifies that precautions must be taken to prevent
the introduction of microorganisms not present in the native flora and fauna. The
intra-regional transfer of species may present a more significant threat than inter-
continental introductions, as Antarctic species may have physiological pre-adaptation
to cope with environmental conditions at other Antarctic locations (Convey et al.
2000; Convey 2008; Lee and Chown 2011). Annex II does not mention intra-
regional transfer of species specifically, but does state that ‘the diversity of species,
as well as the habitats essential to their existence and the balance of the ecological
systems existing within the Antarctic Treaty area be maintained’ [Annex II Article
3(3c)]. Annex V of the Environmental Protocol deals with the Antarctic protected
area system, with Antarctic Specially Protected Areas (ASPAs) generally employed
to protect vulnerable, important, unusual or unique biological assemblages [Annex
V Article 3(2)]. Many ASPA management plans contain text prohibiting the intro-
duction of non-natives species, but few provide recommended biosecurity measures
and advice, nor do they take into consideration the biogeography of the local area or
the dispersal capacity of organisms over potentially large spatial scales (Hughes and
Convey 2010).

Individual Treaty parties have responsibility for the enforcement of national laws
relating to the Treaty on their citizens. No legal process exists for a nation or group
of nations to penalise the citizens of another nation, or non-signatory nation, should
any breaches of the Treaty and Environmental Protocol occur. In practice, prosecu-
tions under national Antarctic legislation are rare, despite the occurrence of clear
breaches of the Environmental Protocol (e.g. Hughes 2010; Braun et al. 2012).

5.1.6 Antarctic Personnel Awareness of Environmental Issues
and Legislation

The work of policymakers is wasted if environmental legislation and recommen-
dations are not translated into simple practical terms for those visiting and work-
ing in Antarctica. The Environmental Protocol with its six annexes is a lengthy
document of more than 18,000 words. How well its contents are presented to and
understood by the various visitors to Antarctica is not known. Many NAPs provide
pre-deployment training to staff, which includes information on minimising envi-
ronmental impact. However, the quality and extent of this training varies widely
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Fig. 5.2 Non-native potted
plant in the window of the
Russian Bellingshausen
Station (Fildes Peninsula,
King George Island,

South Shetland Islands).
Importation without a permit
of non-native plants and any
associated non-native soil

is not permitted under the
Environmental Protocol.
(Photograph K. A. Hughes)

between nations, the information may only form a small part of a much wider
introduction and it may not be followed up and reiterated once the personnel arrive
in Antarctica. At and near some Antarctic research stations clear breaches of the
Environmental Protocol are evident (see Fig. 5.2; Braun et al. 2012). For instance,
illegal behaviour by staff from all research stations on the Fildes Peninsula has
included feeding of skuas and gulls with poultry products, which is a route by
which pathogens could be transferred to the indigenous fauna (Bonnedahl et al.
2005; Australia 2001; Woehler et al. 2013).

5.1.7 The Propagule Load of Visitors and Imported Goods

In the austral summer of 2007/2008, using the momentum of the International Polar
Year (2007-2009), an international team of ecologists assessed propagule (e.g.
seeds, spores and reproductive adult organisms) pressure and the vectors (e.g. cloth-
ing, containers and fresh produce) and pathways (e.g. Australia to Antarctica via air
or via sea), in as integrated a fashion across the region as possible (SCAR 2010).

5.1.7.1 Visitors and Their Clothing

A total of 850 people, travelling on 27 different ships and aircraft, making 55
different voyages, were sampled, focusing on plant seeds that may be carried
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Table 5.1 Proportion of members carrying seeds in each of the visitor categories sampled
(derived from Chown et al. 2012)

Category Number Seeds present (%) No seeds present (%)
Ship’s or aircraft crew 18 11 89
Tourists 361 21 79
Tourist support personnel 26 54 46
Field-based scientist 120 53 47
Station- or ship-based scientist 87 43 57
Field-based national programme 39 46 54
support personnel
Station- or ship-based national 147 41 59

programme support personnel

on clothing and baggage (Chown et al. 2012). Approximately half of those sam-
pled were involved in NAPs (14 ships/aircraft and 18 voyages), and half from
tourist operations (13 ships and 37 voyages). Additionally, 5,659 questionnaires
were completed to assess patterns of travel history. Approximately 30 % of the
visitors sampled carried plant seeds. Visitors carrying seeds average 9.5 seeds
per person. Analyses indicated that the categories ‘ship and aircraft crew’ and
‘tourists’ had the lowest proportion of members carrying seeds, whereas ‘field-
based scientist’ and ‘tourist support personnel” had the highest proportion with
seeds present (Table 5.1). The western Antarctic Peninsula was identified as
currently having the highest risk for the establishment of non-native species,
followed by the Ross Sea area and the East Antarctic coastal area (Chown et al.
2012).

Analyses of baggage and clothing items indicated that camera bags, back packs
and footwear showed a higher frequency of harbouring seeds, than did other items
of clothing or personal equipment (Chown et al. 2012). This finding was in line
with previous work undertaken within the South African and Australian NAPs
(Whinam et al. 2005; Lee and Chown 2009a).

Statistical analysis showed that visitors on medium-sized and large tour-
ist vessels were relatively unlikely to carry seeds (estimated proportions of
9 and 5 %, respectively). On small tourist vessels a much larger proportion
of tourists carried seeds (estimate = 37 %), while tourists travelling on NAP
ships or aircraft were very likely to carry seeds (estimated proportion = 71 %).
In this survey the latter all represented tourists departing from Australia or
New Zealand.

These results suggest that the visitors posing the (per individual) highest risks
of non-native species propagule transfer (specifically plant seeds) are those from
NAPs, and tourist support personnel. This is likely to be because these catego-
ries of visitors comprise people who either professionally or recreationally spend
significant time in outdoor activities, and that their personal belongings were not
cleaned before going to the Antarctic.
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5.1.7.2 Cargo

Cargo importation is likely to be one of the main routes for non-native species
introductions because of the large volumes of material taken into the Antarctic
region from ports all over the world. Cargo transported to the Brunt Ice Shelf for
the construction of Halley VI Research Station likely resulted in the importation of
over 5,000 seeds from 34 taxa, including several invasive species (Lee and Chown
2009b); although not a direct threat in the context of this ice-shelf-located station
itself, this study provides a clear illustration of the magnitude of the risk when
applied to land-based stations. Similarly, Tsujimoto and Imura (2012) report sig-
nificant numbers of plant seeds, some of species already known from Arctic and
other sub-Antarctic locations, associated with cargo destined for Syowa Station on
the East Antarctic coast. High numbers of non-native propagules may also be intro-
duced where cargo is contaminated with soil. In one example, over 132 kg of non-
Antarctic soil was introduced accidentally to Rothera Research Station (Adelaide
Island, Antarctic Peninsula) on construction vehicles (Hughes 2010). The soil con-
tained viable non-native angiosperms, bryophytes, micro-invertebrates, nematodes,
fungi, bacteria and c. 40,000 seeds and numerous moss propagules and the incident
was a significant contravention of the provisions of the Environmental Protocol.

5.1.7.3 Fresh Produce

The importation of fresh produce such as eggs, fresh fruit and vegetables and meat
products into Antarctica may also inadvertently permit the transport of associated
non-native species including microorganisms and invertebrates. Fresh eggs and
meat, and products containing them, may contain microorganisms that could cause
disease in marine mammals and birds, although little conclusive evidence of this
link exists (Olsen et al. 1996; Palmgren et al. 2000). Although no causal link has
been made, concerns that Newcastle disease virus, avian influenza virus, avian par-
amyxovirus or other microbial pathogens could be transmitted to indigenous bird
population via poultry products prompted the Antarctic Treaty’s Committee for
Environmental Protection (CEP) to restrict their use within areas established to pro-
tect bird breeding sites (Morgan and Westbury 1981; Hughes and Convey 2010).

Release of microorganisms from food into the terrestrial environment may
occur. In one study, of 11,250 items of fresh fruit and vegetables imported to nine
research stations in Antarctica and the sub-Antarctic region, on average, 12 % of
food items had soil on their surface, 28 % showed microbial infection resulting
in rot and more than 46 invertebrates were recorded, mainly from leafy produce
(Hughes et al. 2011a). Thirty percent of fungi isolated from the decomposing pro-
duce were not recorded previously from Antarctica or the sub-Antarctic islands.
This study also reported a close link between the numbers of introduced flying
insects captured in station food storage areas and the arrival of ships and aircraft
resupplying with fresh foodstuffs.
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Cultivation of fruit and vegetables within artificially heated and/or illuminated
glasshouses or hydroponic rooms may reduce the need for regular importation
of fresh produce from outside Antarctica and also supplement the diets of over-
wintering personnel who would otherwise be denied fresh foods. However, hydro-
ponic systems are reported as a major source of successful non-native species
establishment events on several sub-Antarctic islands and may also facilitate the
propagation of alien microorganisms (Frenot et al. 2005; Greenslade 2006). Non-
native mites, springtails and enchytraeid worms have been found in hydroponic sys-
tems at Australian Antarctic Division stations (Greenslade 1987, 2006), and more
recent invertebrate infestations have occurred at McMurdo Station (USA) and Scott
Base (New Zealand). Frenot et al. (2005) recommended the cessation of on station
cultivation of biological material to eliminate this source of non-native species.

5.1.8 Sewage

For reasons relating to technical difficulties associated with disposal outside the
Treaty area, sewage (including ‘grey’ water) is the only waste type, other than gases
from hydrocarbon combustion, that is permitted under the Environmental Protocol
to be released into the Antarctic environment on a large scale. However, it also rep-
resents the only example where the intentional release of non-native species (i.e.
human-derived faecal microorganisms and microorganisms from food washings)
into the environment is permitted within the Antarctic Treaty area. Within Antarctica,
wastewater is generally released into station wastewater systems, which may incor-
porate some sewage treatment before release to sea at coastal stations, or to an ice pit
for stations built on ice shelves or ice sheets (Hughes and Blenkharn 2003; Hughes
2004; Tin et al. 2009). This is a clear route for non-native microbiota release into the
marine environment, although dispersal into the terrestrial and aerial environments
may also be possible (Hughes 2003). The extent and effects of in situ sewage disposal
in Antarctica have been reviewed recently (Smith and Riddle 2009; Tin et al. 2009;
Aronson et al. 2011) but it is apparent that our knowledge of the impacts of sewage
on indigenous biota is still scanty. Treatment of sewage waste can reduce substantially
the likely impacts on local wildlife, but risks are never reduced to zero (see Fig. 5.3).
While marine mammals may be vulnerable to microbial infection and disease, indige-
nous Antarctic microorganisms may also be vulnerable to genetic pollution from bac-
teria and viruses introduced to the Antarctic marine environment in sewage.

5.1.9 Science Versus Conservation: Case Studies

The protection of the Antarctic environment from the impacts of a non-native spe-
cies and the desire to undertake scientific research on that species can potentially
come into conflict. For example, Poa annua was first noted around Arctowski Station
(King George Island) in 1985/86 but was not eradicated as it was deemed important
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Fig. 5.3 Elephant seal (Mirounga leonina) resting in the drainage channel below the sewage
treatment plant outfall at Rothera Research Station. Although the sewage is treated, microbial
loads can still be high depending on the efficiency and performance of the sewage treatment
plant. The effect of sewage ingestion by Antarctic marine mammals and avifauna is largely
unknown. (Photograph K.A. Hughes)

for studies on colonisation by Polish researchers (Smith 1996). It has now expanded
locally and become established in natural habitats on the foreground of a retreating
glacier 1.5 km from the station (Olech and Chwedorzewska 2011). In a second exam-
ple, on Signy Island (South Orkney Islands), a flightless midge (Eretmoptera mur-
phyi) and an enchytraeid worm (Christensenidrilus blocki) were probably introduced
in soil in the late 1960s during transplantation experiments using plants from South
Georgia, although they were not discovered until the early 1980s (Block et al. 1984).
Again, no attempts have been made to eradicate these non-native species (although it
is debateable whether any would have been practicable given the delay between intro-
duction and discovery). The likelihood of success should an eradication attempt be
undertaken today is not considered to be great, and would have to be balanced against
considerable impacts, at least at a local scale, on native biota and terrestrial habitats.
In contrast to the previous two examples, the Fuegian vascular plant (Nassauvia
magellanica) was removed within a year of its discovery on Deception Island
(although the plant removed was clearly itself several years old) (Smith and
Richardson 2011; Hughes and Convey 2012). However, in this case valid doubt
remains over the likely method by which the plant arrived in Antarctica, as source
populations were located only c. 900 km away in Tierra del Fuego making coloni-
sation by natural aerial dispersal or with human assistance both real possibilities.

5.1.10 Actions

Most biosecurity issues come under the responsibility and management of indi-
vidual NAPs, but a forum exists for cooperation and exchange of practical
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experiences through the Council of Managers of National Antarctic Programs
(COMNAP). Engagement of policy makers through the ATCM and CEP, scien-
tists with experience of non-native species through the Scientific Committee on
Antarctic Research (SCAR), and COMNAP will be essential if policy and science
are to be translated into practical action continent-wide.

Measures have already been drawn up, with varying levels of geographical or
operator-related applicability, to reduce the risk of non-natives species transfer
into the Antarctic. Examples apply to several activities including scientific field-
work (SCAR 2009), ballast water (ATS 2006), personal clothing, belongings,
cargo and vehicle importation (United Kingdom 2009; TAATO 2011b; CEP 2011;
COMNAP/SCAR 2010), fresh food importation and disposal (Hughes et al. 201 1a;
COMNAP/SCAR 2010) and/or to specific locations (e.g. Potter 2007; Potter and
Maggs 2008; United Kingdom 2008; United Kingdom 2011). In the sub-Antarctic,
attempts have been made, in some cases successfully, to eradicate non-native ver-
tebrates from some islands, most obviously the eradication of cats on Marion and
Macquarie Islands, although it should also be recognised that the consequences of
such eradications do not always match expectations, as the targeted species in real-
ity may have complex interactions with different elements of both the native and
remaining non-native communities (Frenot et al. 2005; Bergstrom et al. 2009).

5.2 The Future

It is clear that in the future Antarctica will be influenced increasingly by global
and local human impacts. Climate change will alter many of the factors that limit
and facilitate life within the Antarctic marine and terrestrial environments, as is
already happening on the Antarctic Peninsula (Bergstrom et al. 2006; Convey
et al. 2009; Turner et al. 2009; Convey 2010). In addition, future increases in
human presence in Antarctica, either through tourism, NAP activities, exploitation
of mineral resources or, in the longer term future, colonisation of the region by
a permanent human population, will undoubtedly increase the risk of non-native
species introductions unless stringent biosecurity measures are applied and coordi-
nated across Antarctica and the sub-Antarctic islands.

5.2.1 International Implementation of Biosecurity Measures
in Antarctica

The CEP considers the issue of non-native species a high priority and has drawn
up a biosecurity manual containing measures and recommendations on how to pre-
vent, monitor sites for and respond to introductions (CEP 2011). The manual is
not binding and individual nations are left to implement biosecurity measures to
a level they deem appropriate, but which may be influenced largely by availability
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of funding, staff time and how important the issue of non-native species is consid-
ered relative to the many other demands on available resources (see Sdnchez and
Njaastad 2013). How effective this approach will be is not known, but given the
often slow rate of progress within the Treaty System, the understandable reluc-
tance of parties to have binding legislation placed upon them and the need for con-
sensus across the parties, this approach may be the only practicable one available.
However, one key weakness of this method is that the effectiveness of biosecurity
practices are then set, to some extent, by the lowest standards employed within a
geographic area. Stringent biosecurity standards set by one nation may be compro-
mised if a second operator situated nearby applies lower standards.

Antarctic Specially Managed Areas (ASMAs) are designated to help regulate
areas where activities pose a risk of mutual interference or cumulative environ-
mental impact. However, ASMAs cover only relatively small areas of Antarctica,
and more considered and site-specific biosecurity arrangements may not exist
for large parts of Antarctica. In the ASMA management plans drafted to date, the
issue of non-native species is either omitted or mentioned only briefly (Hughes and
Convey 2010). In the future, ASMAs are potentially key management tools that
may go some way to solving this dilemma, in that they permit co-ordination of
biosecurity efforts to similar standards by all nations working in a given area [e.g.
as could be usefully applied to ASMA No. 4 Deception Island (see Pertierra et al.
2013) or ASMA No. 6 Larsemann Hills (Australia et al. 2008)]. However, exist-
ing management plans currently fail to address this issue, while some areas which
contain several stations and concentrations of activity are not managed within this
framework (e.g. Fildes Peninsula, King George Island; see Braun et al. 2013).

Antarctica is already attracting increasing attention from governments in the
developed and developing worlds, leading to the construction of new research
stations and the accession of new states as Consultative Parties with an influ-
ence in Antarctic affairs (see www.ats.aq). Although not discussed openly, the
level of importance (and funding) assigned to environmental protection inevi-
tably will vary within the Treaty Consultative Parties (see Sdnchez and Njaastad
2013). Some assessment of national engagement with environmental problems
can be gleaned from the level of participation nations have with the work of the
CEP, whose function is to advise the ATCM on environmental issues. Since its
first meeting in 1998, almost half of the Consultative Parties have submitted fewer
than 20 papers to the meeting compared with the United Kingdom, New Zealand,
Australia and the USA, all of which have submitted over 100 papers (see Fig. 5.4).
The need for unified, coordinated action and a modest investment of funds by all
Treaty nations may be required to tackle the issues of non-native species introduc-
tions. The Treaty nations’ record on attaining such levels of cooperation is vari-
able and often slow to develop. Progress on issues is often drawn out over many
years and there is some doubt over the capacity of the Treaty System to deal either
responsively or strategically with the rapid and dramatic changes likely to occur in
the coming decades, including an effective response to non-native species issues.

To date, the Antarctic tourism industry, which is largely regulated by the
International Association of Antarctica Tour Operators (IAATO), has taken steps
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to manage biosecurity issues, with the basic precautions applied to clothing and
footwear being of a standard higher than are those employed by many national
operators (IAATO 2011a). Under the scrutiny of the Treaty parties, the tourism
industry would be under pressure to maintain high biosecurity standards, should
development of land-based tourism infrastructure be permitted by the ATCM.

5.2.2 Potential Introductions Associated with the Antarctic
Tourism Industry

Numerically, most current opportunities for tourism in Antarctica are limited to
cruises where the passengers are not permitted to land, cruises which land pas-
sengers generally at a small number of popular tourist sites (Lynch et al. 2010),
yacht expeditions and land-based expeditions, particularly to climb popular
Antarctic peaks (e.g. Mt. Vinson). Given that tourists are currently responsi-
ble for only c. 5 % of total person days spent on land in Antarctica (with the rest
attributable to national operator activities), this suggests that the tourism industry
may currently contribute only a minor proportion of the risk of non-native spe-
cies introductions to Antarctica (Jabour 2009; IAATO 2011b). The data presented
by Chown et al. (2012) indicate that the integrated total numbers of plant seeds
carried to Antarctica by personnel associated with NAPs and the tourism industry
are approximately equivalent—the lower numbers typically carried by individual
tourists being cancelled out by the higher number of tourists overall. It is also the
case that no existing instance of a non-native species becoming established can
be attributed to a tourism-associated activity (see Frenot et al. 2005; Convey and
Lebouvier 2009). Nevertheless, an issue of concern is the relatively wide distribu-
tion of tourism visitation sites over the past 20 years, or so, particularly within
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the northern Antarctic Peninsula region, with over 350 individual locations vis-
ited (Fig. 5.5). Tourism activities are, however, concentrated on ice-free locations
within relatively easy reach of South American departure ports (Lynch et al. 2010).

A new development is the increasing use of the air route from Punta Arenas to
Chilean airport facilities at Fildes Peninsula, King George Island, permitting tour-
ists to avoid the often rough seas of the Drake Passage to connect with a waiting
cruise ship, or simply to visit the local area on King George Island. With flight
times of less than 2 h, the potential for entrained propagules to arrive in Antarctica
in a viable state is high. The general increase in reliance of several national oper-
ators on air links has already been shown to increase the number of non-native
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Fig. 5.5 Location of 388 recorded visitor landing sites on the Antarctic Peninsula between
1989/90 and 2008/09 (figure based on IAATO tourism statistics). Over 2 million individual tour-
ist landings have been made since 1989
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flying insects on stations (Hughes et al. 2011a). In contrast with national operator
activities, the tourism industry has little land-based infrastructure, most of which
is at a continental Antarctic site in the Ellsworth Mountains (80°S) and situated on
permanent ice at an environmentally extreme location where the chances of estab-
lishment of non-native species are probably very low. Therefore, the quantity of
cargo landed in Antarctica to facilitate tourism activities is low compared to that of
national operators. Should land-based tourism expand in the future, necessitating
the construction of accommodation and other ‘resort’ facilities, significant oppor-
tunities for non-native species introductions will occur.

As with NAP staff, a cause for concern would be an increase in tourism move-
ment between sites in biologically distinct regions within Antarctica, including
both coastal and inland locations, leading potentially to a higher risk of intra-
regional transfer of non-native species than exists currently. Movement of tour-
ists between sub-Antarctic and maritime Antarctic biogeographic zones already
occurs. This scenario may arise within the maritime and continental Antarctic if
the tourism industry accesses the existing air networks within Antarctica that are
largely controlled by national operators, or if they develop their own networks.

5.2.3 Future Increases in Human Population and Activities
Within Antarctica

Under the Environmental Protocol, any activity relating to mineral resource exploi-
tation is prohibited for 50 years, except with consensus agreement from Treaty par-
ties. Should this legislation be reviewed, or break down, and mineral exploitation
commences within Antarctica substantial new infrastructure will be required, much
in previously unimpacted areas, with a proportional increase in non-native spe-
cies introduction risk. Multiple large human settlements may need large volumes
of cargo for construction and on-going resupply, generate substantial quantities
of sewage waste and pollution, require the importation of large quantities of fresh
foods and experience regular exchange of personnel across the Antarctic Treaty
area boundary (Kennicutt et al. 2010). Large settlements may also draw personnel
from backgrounds that traditionally have less awareness of environmental issues.
Increases in ship traffic to remove extracted minerals, or to facilitate off-shore
mineral extraction, may increase the opportunity for non-native marine species to
access the Antarctic continental shelf, or for Antarctic marine species to be trans-
located from one Antarctic region to another (Lewis et al. 2003, 2005; Aronson
et al. 2011), as well as the probability of major accidents and pollution events.
Significant cargo loading will involve ballast water release in the Antarctic near-
shore marine environment, something that is not currently a feature of operations,
but is a major vector of marine non-native species elsewhere. Several nations have
submitted data to the United Nations under Article 76 of the 1982 UN Convention
on the Law of the Sea (UNCLOS), setting out evidence to validate claims for
rights over the sea floor including the mineral resources within the Southern
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Ocean, and in at least one case, within the Antarctic Treaty area (Cressey 2008;
Thatje and Aronson 2009). By looking to recent events in the Arctic, we can see
how rapidly political tensions can rise when access to mineral resources is at stake
(Cressey 2008). Should similar or more complex events take place in Antarctica,
it is unlikely that biosecurity issues will be high in the priority list for the nations
involved.

5.2.4 Climate Change

Climate change is likely to have a major impact on the future colonisation of
non-native species, in particular where it lowers the barriers to transport and
establishment that currently protect the continent, both in terms of natural and
human-assisted events. This is likely to happen in areas where environmen-
tal temperature increases occur, and where current limitations on liquid water
availability are relaxed, both of which are already affecting parts of the sub- and
maritime Antarctic, and whose extent is expected to expand (Convey et al. 2009;
Turner et al. 2009). Table 5.2 shows the potential impacts upon Antarctica under
a number of different scenarios depending upon the effectiveness with which the

Table 5.2 Potential future scenarios for non-native species dispersal and establishment depend-
ing upon the policy response to Antarctic® biosecurity issues and global climate change

Global: climate warming Global: climate warming not
reduced adequately addressed
Effective Antarctic Best case scenario. Rate More rapid dispersal of existing
biosecurity practice of non-native species non-native species, more natural
implemented introduction will be colonisation and establishment
reduced, but will not be in Antarctica. On-going dilemma
halted completely of distinguishing natural from
human introductions
Effective Antarctic Greater inter-continental Business-As-Usual—worst case
biosecurity practice and intra-regional scenario. Rapid and on-going
not implemented dispersal of non-native colonisation and invasion of
species, but with current Antarctica, particularly in
levels of subsequent the highly visited and rapidly
establishment/invasion warming northern Peninsula

region. Major habitat alteration,
as already seen in some sub-
Antarctic islands

Most sub-Antarctic island national governments have implemented reasonably well-developed
biosecurity measures. Despite this, new introductions still occur, but probably at a lower rate than
would have occurred without biosecurity measures in place. Climate change probably presents a
greater threat to native biodiviersity in the sub-Antarctic. Many non-native species have already
been present on the islands for many decades, often in a persistent state, but are likely to be better
adapted to take advantage of changes in climatic conditions than native species, with increases in
reproduction rate and expansion of distribution ranges likely
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international community takes step to tackle climate change and the Treaty parties
implement effective biosecurity practices.

Although many native terrestrial biota are likely to benefit initially from the
relaxation of thermal or hydration conditions, under the Business-As-Usual sce-
nario, where steps are not taken to further enhance biosecurity measures applying to
transport into and within Antarctica, and climate change is not tackled effectively,
then Antarctica’s existing biodiversity and community structures are likely to expe-
rience substantial change, and in some cases become lost forever (Convey 2010).

5.2.5 Liability Annex

At the 28th ATCM held in Stockholm in 2005 an Annex was adopted on ‘Liability
arising from Environmental Emergencies’ (Annex VI; also known as the ‘Liability
Annex’). The Liability Annex appears to be aimed primarily at environmental
emergencies such as major pollution incidents or oil spills at sea. Nevertheless,
the introduction of a non-native species is not specifically excluded from the
Annex and may be considered an environmental emergency to which the Annex
may apply. In the future, if non-native species have not been eradicated by those
responsible for their introduction, it may be possible for other parties or operators
to undertake the eradication and use the legislation within the Annex to reclaim
cost from the party or operator responsible for the introduction. However, for such
a use to be tested, the Annex must become effective and this requires adoption by
all parties concerned. It is also the case that the Liability Annex will not apply to
operators from nations that are not signatories to the Antarctic Treaty. The Annex
is clear that it cannot be applied retrospectively, and as a result, non-native species
introduced before the Annex comes into effect cannot be removed and the cost
charged to the operator responsible. Such hypothetical scenarios may indicate, on
the one hand, a lack of recognition of some wider implications of the Annex by
those drafting it or, on the other, stimulate the Treaty parties in the future to pro-
pose wording changes more tightly constraining its areas of applicability. In either
case, there would seem to be no immediate prospect of the Liability Annex being
used as an effective tool in enhancing biosecurity activities in Antarctica.

5.2.6 Strategic Visions of Human Activities and Their
Management as Related to Biosecurity

Assuming that human activities in the Antarctic are going to increase, the need
for an effective biosecurity system for the region will become all the more nec-
essary, even in order to comply with the existing regulations laid down in the
Environmental Protocol and protect Antarctic ecosystems. Humans have largely
failed to control non-native species introduction and spread in the other continents,
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and it is unlikely that such human-mediated impacts can be successfully pre-
vented completely in Antarctica. This may be true particularly for smaller species
and microorganisms that make up the vast majority of Antarctica’s biodiversity
(Hughes and Convey 2010, 2012; Cowan et al. 2011; Hughes et al. 2011b). In
some cases, policy makers have little understanding of the biological function and
importance of Antarctic species other than some of the more charismatic birds and
mammals and, as a result, few conservation measures focus on these less obvi-
ous biological groups. Implementing effective biosecurity precautions for biologi-
cal groups of small size may be considered too difficult, too expensive and too
abstract a concept. The interconnected nature of ecosystems is often underappreci-
ated, and invasions by seemingly obscure/little noticed species may have indirect,
but potentially highly damaging impacts upon higher species and their habitats.
Added to this, policy makers may be under pressure to prioritise facilitation of
the NAPs’ operations over the implementation of policies that may limit non-
native species introductions, particularly if individual national interests are put
at risk (see Lamers et al. 2013). This may be particularly true where budgets are
limited and biosecurity precautions deemed expensive and with little ‘perceived’
benefit. Preventing or limiting the introduction of a non-native species over the
medium to long term can be seen as a mundane undertaking, yet it is vital if the
Environmental Protocol is to be followed. Those seeking funds from national gov-
ernments for biosecurity measures may have little hope of competing with more
‘exciting’ science or logistic projects. Even if money has been allocated, it may be
re-allocated elsewhere once current attention to the non-native species issue within
the Antarctic community shifts elsewhere. Added to this, as a consequence of the
unclear and subjective nature of the environmental impacts assessment system (set
out in Annex I of the Environmental Protocol), some NAPs appear to take the view
that their on-going activities should proceed, with steps to mitigate environmental
impacts implemented only once ‘cost effective’ methodologies have been devel-
oped. Such methodologies may not be developed soon and Antarctic biodiversity
may be impacted as a consequence. Some national governments may struggle to
afford to have both an Antarctic presence and protect the environment to the stand-
ards set out in the Environmental Protocol.

Other methods to ensure adequate protection of at least some of Antarctica’s
ecosystems may include setting aside unimpacted areas where either humans are
not allowed to visit or areas where visitors numbers are limited and biosecurity
standards are exceptionally high (Hughes et al. 2011b). More generally, the area
encompassed within ASMAs and ASPAs could be increased in a systematic man-
ner, ensuring appropriate representation of the different ‘justifying values’ (e.g.
see Terauds et al. 2012), already recognised explicitly within the Environmental
Protocol [Annex V Article 3(1)], with restrictions laid down within their man-
agement plans strengthened to give effective and enhanced protection. Given
that implementing high biosecurity standards may be difficult at some locations,
particularly where research stations are situated, it may be suggested that sacri-
ficial sites are defined where, amongst other damaging activities, the possibility
of introductions is accepted. We would strongly object to this scenario as, having
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been assisted to overcome the protective barriers surrounding Antarctica, non-
native species may then use natural dispersal methods to move to other Antarctic
locations.

5.3 Conclusions

The Antarctic continent remains one of the areas on Earth least impacted by
human activities. Rapid advances in scientific techniques, in particular in molec-
ular biology, along with increasingly effective levels of international scientific
collaboration across the continent, will allow us to increase our knowledge of
Antarctic biodiversity and the biochemical and physiological process that allow
individual species, communities and entire ecosystems to exist in such a harsh
environment. At present our understanding of biodiversity for many large areas of
Antarctica is unsatisfactory and in some cases non-existent. Going forward, the
foundations upon which our understanding lies will be weakened if we do not
have appropriate measures in place to reduce the likelihood of introducing non-
native species, or redistributing indigenous biota around the continent. Added
to this, it could be argued that we have a moral duty defined under the founding
principles of the Antarctic Treaty itself to prevent the homogenisation of Antarctic
biodiversity, and preserve the many unique biological assemblages found through-
out the region. The Environmental Protocol makes it clear that measures to fulfill
such aims are to be implemented—the challenge lies in coordinating international
action within the existing international political framework, where efforts and
resources are often allocated to further individual national interests rather than the
protection and conservation of biota in Antarctica as a whole. The future will tell
if the ATCM, CEP, SCAR and COMNAP can work together effectively to tackle
the problems posed by non-native species. Human activities and practices will
change within the region in coming decades and the future security of Antarctica’s
existing biodiversity and ecosystems may depend upon biosecurity measures
being continually reviewed and enhanced to keep pace. How well regulated such
activities will be has yet to be seen, but given the poor environmental performance
exhibited to date by some NAPs at some locations, where even the basic minimum
standards set by the Environmental Protocol are not met 15 years after they came
into force, the prognosis for the future is currently not good (Hughes 2010; Braun
et al. 2012).
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Chapter 6
Trampling the Antarctic: Consequences
of Pedestrian Traffic on Antarctic Soils

Pablo Tejedo, Luis R. Pertierra and Javier Benayas

Abstract Antarctic soils provide habitat for fauna and flora which are region-
ally important and, in some cases, include endemic representatives. Thus, protec-
tion of this component of the ecosystem should be a priority. In this chapter, our
focus is on the vulnerability of Antarctic soils to foot traffic (heretofore referred
to as trampling) and possible future scenarios with regards to the conservation
of Antarctic soils. We begin by briefly describing the principal abiotic and biotic
features of Antarctic soils, and reviewing the limited studies that have examined
the consequences of trampling. We then examine a range of drivers of change that
could play a decisive role in the future conservation of Antarctic soils, such as cli-
mate change, human pressure and species introduction. Taking into consideration
the current legal and management measures for Antarctic soils conservation, we
propose two possible future scenarios assuming different management models:
a Business-As-Usual scenario and a conservation-focused situation. The chapter
ends with a small reflection centered on the difficulties in achieving a conserva-
tion-focused future, and the need to consider whether conservation of soil against
trampling should be a priority on the agenda of the Antarctic Treaty nations and
the international scientific community.

Keywords Human impact * Antarctic soils vulnerability ¢ Environmental
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6.1 Main Features of Antarctic Soils

Antarctica is often considered nearly pristine because levels of anthropogenic dis-
turbance are extremely low there (Ayres et al. 2008). Nevertheless, over recent
decades there has been a rapid increase in the number of people visiting it (Stewart
et al. 2005). This has led to an increase in the interest in understanding the impli-
cations of human presence on the environment of this emblematic territory (Tin
et al. 2009). For terrestrial ecosystems, a major abiotic component is the soil
itself which has long been considered to be easily disturbed by human activities
(Campbell et al. 1993). This high vulnerability is further combined with a sup-
posed limited resilience as a consequence of low temperatures, general absence
of vegetation, and scarce soil biota (Campbell and Claridge 1987). Ground dis-
turbances resulting from foot traffic and camping usually cover a small area, but
are often clearly visible. Foot tracks can be formed in a very short time in certain
vulnerable soils and may remain visible for many years after the event (Campbell
et al. 1998). Vehicular traffic also results in ground disturbances which are often
much more extensive and persistent (e.g. Peter et al. 2008; Tin et al. 2009).

The majority of Antarctic terrestrial life is found on a small number of sites
including exposed nunataks, cliffs and seasonally snow and ice-free ground areas
(Bergstrom et al. 2006; Convey 2010). These areas combined cover c. 44,000 km?
(Convey et al. 2009), and can be considered as isolated ‘islands’ separated by ice
or ocean (Bergstrom and Chown 1999) within the Antarctic continent (Fig. 6.1),
which has an area of ¢. 14,000,000 km?. Exposed soils are characterised by lim-
ited depth, low organic matter content, low biomass and primary production, scarce
nutrient availability, including nitrogen and phosphate as well as the entire range of
trace elements, low availability of water reaching aridity in many cases, and slow
decomposition rates (Thomas et al. 2008) (Table 6.1). In many locations perma-
frost is present. In summer ice-free areas, continuous stands of low-growing veg-
etation can be found, made up of mosaics of very simple communities that vary
according to local geology, topography and hydrology. Organisms that are most
able to tolerate the extreme environmental stresses include mosses, lichens, algae
and cyanobacteria (among the phototrophic organisms), and mites, springtails and
microfauna (among the invertebrates). The microbiota living in Antarctic soils is
still poorly understood. They are likely to be limited by the availability of liquid
water rather than the low temperatures (Block 1996). Terrestrial food webs present
a simple trophic structure and are dominated by the detrital food chain, formed by
microbivores and detritivores, lacking true grazers and with few predators, although
few rigorous autecological studies have been completed (Hogg et al. 2006).

Tedrow (1977) proposed four soil zones for Polar Regions, of which only three
are present in Antarctica: Sub-polar Desert, Polar Desert and Cold Desert. Sub-
polar Desert zones are rarely found on the Antarctic continent and only occur in
certain locations in the maritime Antarctic associated with patches of the two
native vascular plants, Deschampsia antarctica Desvaux and Colobanthus quitensis
(Kunth) Bartl. These soils are characterised by cushion-forming mosses and patches
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Fig. 6.1 Generally recognised biogeographical zones in the Antarctic (Thomas et al. 2008) and
other selected places that are mentioned in the text and Table 6.1

of lichen interspersed with areas of bare ground (Smith 1972). There is a substan-
tial freeze—thaw cycling, which favours the colonisation process by these organisms
through vegetative propagation. When large penguin and seal colonies are present,
the mechanical disturbance and the anaerobic and toxic nature of their excrement
make it difficult for cryptogam or vascular plants to survive (Smith 1988), unless
the plants are well established before occupation by the vertebrates. Nevertheless,
nutrient transfer from bird and seal colonies can benefit adjacent vegetation.

Polar Desert zones are present on the maritime Antarctic and the coastal regions.
Soils of these areas are distinguished by a lack of structural development and loose
or coherent form (Campbell et al. 1998). Stones and pebbles appear at their surface,
forming the so-called desert pavement. Desert pavement plays an important role
in this type of system, acting as protective armour to stabilise both the slope and
the soil (O’Neill and Balks 2010). Water retention is poor, at least in the surface
few centimetres where permafrost does not form a barrier. Therefore, low relative
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humidity into soils is typical, resulting in rapid evaporation/ablation of water input
through rain or snow. Organic content remains low but horizons are more promi-
nent, with leached soluble minerals under moist conditions and unleached soluble
minerals under less dry conditions (Thomas et al. 2008). Oxidation and salinisa-
tion are the principal weathering processes. On poorly drained sites there may be
accumulation of peat-like material under moss turf, while dry conditions generate
the development of pads of humus beneath the isolated plant cushions. Vegetation
is dominated by mosses, liverworts, foliose and fruticose lichens and, in some
regions, cushions of flowering plants. The vegetation remains very scattered, with
bare areas in between. The plant cover permits the development of microbial and
invertebrate communities. In areas of intense nutrient enrichment around vertebrate
colonies the foliose alga Prasiola crispa (Kiitzing) Knebel dominates and provides
a habitat for arthropods and nematodes (Sohlenius et al. 2004).

Finally, the Cold Desert Zone occupies the rest of the continent. In ice-free
areas, Cold Desert soils are distinguished from other polar soils by the absence of
distinct organic horizons, with less than 1 % of organic carbon (Barrett et al. 2005).
These soils are poorly developed, strongly weathered and arid in nature. A crust is
normally present at the surface and salt horizons occur within the profile. Desert
biological crusts can help stabilise the soil surface and when they are lost, arid soils
erode and biological activity declines (Belnap 2006). Sand predominates (>95 %)
and numerous rock fragments appear at the surface (Barrett et al. 2005). These soils
occupy some 4,000 km? of the Victoria Land Dry Valleys region (Thomas et al.
2008). They are present in smaller quantities in the Bunger Hills, Vestfold Hills and
Transantarctic Mountains (Fig. 6.1), and also in small ice-free areas associated with
the various nunataks and mountain ranges throughout the continent (Thomas et al.
2008). These soils present a range of habitats from sites of extreme aridity where
life is scarcely sustainable, to other restricted communities where mosses, lichens
and a variety of invertebrates are able to exist. Water availability leads to a patchy
distribution of nematodes, rotifers, tardigrades and arthropods, with nematodes
being the most widespread and abundant animals in this ecosystem (Adams et al.
2006). Endolithic communities make up a particular niche in the cold deserts. Rates
of soil carbon dioxide (CO,) efflux, an indicator of total below-ground biological
activity, are lower in this ecosystem than almost anywhere in the world (Parsons et
al. 2004; Barrett et al. 20006). It is suggested that less than 1 % of the gross primary
production may be incorporated into the standing biomass, with the greater part of
the primary production being lost either as extracellular products or specifically
through investment in stress-tolerance strategies (Thomas et al. 2008).

6.2 Human Disturbance of Ground Surfaces

Trampling can affect the biological organisation within Antarctic soils at many
different levels, ranging through habitats, communities to populations. It can
lead to soil compaction, changes in soil surface structure, albedo alterations,
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visual disturbances, vegetation damage, killing of soil organisms, soil com-
munity alteration, introduction of alien species and changes in the nutrients
cycles. Numerous studies quote trampling as a human impact on Antarctic ter-
restrial ecosystems (e.g. Headland and Keage 1985; Harris 1991; Stonehouse
1993; Olech 1996; Chen and Blume 1997; Hansom and Gordon 1998;
Kriwoken and Rootes 2000; Lamers 2009), but quantitative studies are scarce
(Table 6.2).

Disturbances caused by trampling range from minor and transitory to locally
severe and long-term. Impacts are often concentrated at isolated locations over
small areas. Human visitation and subsequent trampling are concentrated in areas
where there are easy accessibility and mild climate (e.g. Antarctic Peninsula and
associated archipelagos), or in areas of scientific importance (e.g. Dry Valleys),
research stations (e.g. Fildes Peninsula on King George Island), historical remains
(e.g. Whalers Bay on Deception Island), spectacular landscapes (e.g. Paradise
Bay area), coastal wildlife colonies (e.g. Barrientos Island) and geological struc-
tures (e.g. Penguin Island). Moreover, certain Antarctic soils seem to be very vul-
nerable to even very low levels of disturbance (e.g. Beyer and Bolter 2002; Tin
et al. 2009). The Antarctic Cold Desert is particularly sensitive to anthropogenic
changes because it has little resilience (Ayres et al. 2008). Non-cohesive soils with
sandy pebble-gravel textures are also very vulnerable to trampling, and damage is
immediate (Fig. 6.2). In contrast, soils with a high surface-boulder cover and/or a
big particle-size fraction are the least susceptible (Campbell et al. 1998). However,
for most Antarctic soils an exceedingly low level of trampling—i.e. 20-100
pedestrian transits depending on the soil characteristics—is sufficient to result
in very obvious and probably permanent damage (Table 6.2). This high fragility
and susceptibility to damage requires a set of management measures that will be
described later.

Available studies generally agree on the persistence of disturbances to
Antarctic soils. In the McMurdo Dry Valleys, footprints and surface stone dis-
turbances can still be visually identified up to 30 years after the last human visit
(Campbell and Claridge 1987; Campbell et al. 1998), as a result of the high
fragility of the desert pavement and the absence of significant natural rehabili-
tation processes. In other areas with volcanic soils dominated by lapillus—vol-
canic material ranging in size from 2 to 64 mm in diameter—the ground surface
is less sensitive to trampling, and physical effects of regular human foot traffic
can disappear after 1 year due to the freeze—thaw activity and wind action (Tejedo
et al. unpublished data, Deception Island). Experimental manipulations of certain
soils demonstrate that in areas that have been subjected to an intermediate level
of trampling, i.e. of around 2,000 pedestrian transits, the effects of soil compac-
tion could be completely reversed within 2-3 years if the area remains closed
to any human traffic during this period (Tejedo et al. 2012). The same interval
of time was necessary for bryophyte and associated invertebrate communities to
develop on previously bare soil (Convey 2003). Therefore, the recovery capacity
of Antarctic soils is variable and depends on soil properties and environmental
conditions.
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Fig. 6.2 Compaction of the ground surface as a result of foot traffic is clearly visible in this pic-
ture thanks to the snow (photograph by Pablo Tejedo)

It is also advisable to put in context the ecological importance of trampling.
One way to assess the scope of this impact is to compare the effects of human
traffic with those produced by the movements of vertebrates that inhabit many of
the ice-free areas in Antarctica. Numerous studies quoted the damages on soils
and vegetation produced by the presence and movement of wildlife. On Signy
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Island in maritime Antarctic, Tilbrook (1967) observed large areas reduced to bar-
ren, muddy ground, with large populations of the green alga Prasiola crispa, an
indicator of eutrophication, present on the periphery of coastal colonies of ver-
tebrates. In this location, Smith (1988) also noticed that the dramatic increase in
the number of Antarctic fur seals Arctocephalus gazella Peters coming ashore on
the island during the short summers was devastating certain terrestrial environ-
ments, in which the fragile cryptogam-dominated vegetation was physically dam-
aged and removed in many cases. On King George Island, trampling by seabirds
caused fast changes in vegetation (Kanda and Inoue 1994). On Sub-Antarctic
Islands similar changes have been observed. For example on South Georgia
Island, the impact of fur seal trampling on typical sub-Antarctic terrestrial veg-
etation is evident. At heavily impacted areas, tussock grass has been displaced
and the dead tussock stools colonised by the moss Polytrichum strictum Brid.
(Convey and Lebouvier 2009). Until now, there have been few studies comparing
the impacts of trampling by wildlife with those by humans. Tejedo et al. (unpub-
lished data) compared two parallel paths on Barrientos Island. One path was cre-
ated by humans and the other was created by penguins. Resistance to compression
was the selected indicator used for the comparison. Results showed that in flat
areas the physical degradation of the soil surface was greater in the path created
by the penguins. However, in those areas with a pronounced slope, 18° on aver-
age, results were reversed with a greater compaction in the path used by tourists.
These and similar experiments can help us identify the conditions under which
human presence can cause greater disturbance over those produced naturally by
the indigenous fauna.

6.3 Drivers of Change

In order to construct future scenarios, we need to have a knowledge of vulner-
abilities and drivers of change. In our opinion, the main drivers of change for
Antarctic soils are (a) climate change, (b) human pressure and (c) the potential
consequences of the introduction of alien species. In the following sections, these
drivers are briefly reviewed and their possible future trends are identified.

6.3.1 Climate Change

Over the last 50 years, rapid warming has been documented along the west-
ern Antarctic Peninsula. The largest warming has been measured at Vernadsky/
Faraday Station, at a rate of 0.53 °C per decade for the period 1951-2006 (Turner
et al. 2009), seven times faster than the average rate of global warming (IPCC
2007). Climate models project significant warming over the Antarctic continent
over the twenty-first century. It is expected that, in a warmer world, there will be
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less ice and higher sea level and the most likely regions of near-future change are
those that are changing most today, such as the Antarctic Peninsula (IPCC 2007).
Antarctic terrestrial ecosystems are expected to show particular sensitivity and
rapid responses under climate change (Quayle et al. 2002, 2003). Antarctic sum-
mer temperatures are very low, with levels often near the minimum threshold
for many physiological processes (Convey 2006). Therefore, small temperature
increases could produce a greater effect than in temperate regions. Multiple bio-
logical processes involved in growth, metabolism and maintenance have different
optimal temperatures. As a result it is difficult to predict the response of an organ-
ism as a whole under climate change. Soil life may undergo several changes under
warmer conditions. For some invertebrate species, microhabitat warming may
exceed their upper thermal limits (Van der Merwe et al. 1997; Convey 2001), and
brief exposures to high temperatures could produce high mortality rates among
these organisms (Convey 2010).

Under climate change, it is expected that the winter period will be shorter,
hence lengthening the active season for terrestrial biota, at least in the mari-
time Antarctic archipelagos. This would allow liquid water in soils to be main-
tained or even released through earlier spring thaws and later autumn freezing
(Convey 2006). Higher water availability, both precipitation and melt, could also
contribute to increases in the processes of colonisation (Hawes 2011) and the
abundance of certain species of flora and invertebrates. The abundance and dis-
tribution of the only two species of Antarctic native flowering plants, Antarctic
pearlwort Colobanthus quitensis and Antarctic hair grass Deschampsia antarc-
tica, have increased in different sites (Fowbert and Smith 1994; Grobe et al. 1997,
Gerighausen et al. 2003; Convey 2006; Block et al. 2009; Smith and Richardson
2010). Long-term studies have shown that some populations have increased by
one to two orders of magnitude in as little as 30 years (Convey 2006). Other popu-
lations have colonised new areas of ice-free ground. These increases have been
attributed both to extended growing seasons (Smith and Richardson 2010) and
warmer summer temperatures that, in turn, enhanced seed production, maturation,
germination and seedling survival (Convey 2003, 2006). A four-year experiment
carried out on vegetation near Palmer Station on the western Antarctic Peninsula,
showed that higher water availability increased soil microarthropod abundance
(Convey et al. 2002). Similar experiments have demonstrated that abiotic fac-
tors, precipitation regime principally, play a dominant role in controlling plants
and microarthropod abundance (Day et al. 2009). Schulte et al. (2008) observed
extremely large aggregations of collembolan eggs on Humble Island, which could
be attributed to spring warming which occurred seven weeks earlier than the previ-
ous year. Over the long term, an extension of the growing season could change the
life cycle of some Antarctic organisms, such as biennial and perennial plant spe-
cies, and animals with multi-year development. In the case where higher tempera-
tures are combined with strong winds, plants and invertebrates could experience
desiccation stress where soils have a low capacity to retain water. Under these
conditions, some plant and invertebrate species could be favoured. The springtail
Cryptopygus antarcticus Willem or the mite Alaskozetes antarcticus Michael have
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significant resistance to desiccation and can survive a reduction in total body water
from 60 to 40 % of fresh weight (Elnitsky et al. 2008; Thomas et al. 2008). Other
less hardy organisms could migrate deeper into the soil, where the environmental
conditions are more stable.

Nutrient cycles and food webs could also be modified in more vulnerable soils.
Freckman and Viginia (1997) demonstrated that an increase in soil water, carbon
and temperature could modify the food web in the soils of the Dry Valley region,
decreasing the abundance of the single omnivore-predator species and increasing
the abundance of microbivorous prey species. With a greater availability of nutri-
ents, plant communities that thrive in Antarctic soils, such as Polytrichum alpes-
tre Hoppe and Drepanocladus uncinatus (Hedw.) Warnst are expected to expand.
Collembola and acari could also increase their diversity or abundance under these
favourable conditions. As they play a key role in nutrient cycling in the soil eco-
system, the expansion of these species may significantly alter the rate at which
soil organic material can be broken down. However, some experiments based on
warming treatments suggest that immediate effects within the decomposer cycle
would be small (Bokhorst et al. 2008). Because variables are interlinked, these
changes could have consequences that cascade throughout the environment and
biological systems. The typical succession of soil communities would certainly be
altered. In most of the habitats of the maritime Antarctic, communities could either
not develop to a climax state, or follow a form of circular succession or auto suc-
cession, with pioneer and climax species occurring together (Smith 1972; Convey
1996). This succession is extremely slow due to conditions that are inimical to
plant growth. Under more favourable conditions, biotic controls could dominate
plant growth and favour the progress towards a climax community, probably domi-
nated by vascular plants in soils with enough available nutrients and good drain-
age. However, the real importance of these changes remains uncertain due to the
complexity in the relationship between atmospheric climatic conditions and soil
microclimate.

6.3.2 Human Pressure

According to the Council of Managers of National Antarctic Programs (COMNAP
2012), there are approximately 100 active stations, refuges and camps, across
Antarctica, with simultaneous capacity for 4,397 and 1,085 people during the sum-
mer and winter seasons respectively. The operation of these facilities has produced
several impacts on Antarctic soils, such as the deposition of chemical and organic
pollutants (e.g. polychlorinated biphenyls, heavy metals, polycyclic aromatic hydro-
carbons, faecal wastes) and disturbance of terrestrial ecosystems (Tin et al. 2009
and references therein). In fact, areas around these facilities are usually consid-
ered as sacrificial zones where impacts are concentrated, leaving the areas further
away from the facilities as nearly pristine for research purposes. The number of
Antarctic stations that are in active use is constantly changing, with some countries
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temporarily closing some of their facilities and others opening new stations. A sig-
nificant increase is not expected in the future due to the foreseeable lack of funding.
However, abandoned facilities are rarely removed (Tin et al. 2009). Some stations
are visited by tourists during their stay in Antarctica, and some stations are also
used to support tourist activities, such as the blue ice airstrip near Novolazarevskaya
Station in Queen Maud Land (Russian Federation 2010; Japan 2011) and a hangar at
Artigas Base (Bastmeijer and Roura 2008; ASOC 2008). Terrestrial tourist facilities
are scarce. They include temporary camps, such as the facility White Desert, which
is dismantled every season (ASOC 2009) and permanent tourism facilities, such as
the camp established near the Union Glacier by Antarctic Logistics and Expeditions
LLC. This infrastructure replaces Patriot Hills Camp which operated for two dec-
ades and was designed to accommodate up to 80 people (ASOC 2011). Scientific
and tourist expeditions also take place far away from research stations and estab-
lished infrastructure, exerting pressure on Antarctic soils further afield (Fig. 6.3).
In the case of scientific expeditions, most of the field research initially takes place
in the vicinity of a newly built station. As this area becomes well-studied, research
teams expand their work to other distant areas through the installation of temporary
camps and the use of vessels as mobile logistic bases.

Most commercial tourists travel to Antarctica onboard cruise ships with the
majority of cruises taking place around the Antarctic Peninsula region and its asso-
ciated archipelagos. While tourists spend most of their time onboard, they have
the opportunity to make shore visits on the ice-free coastal zones of 2 to 3 h each,

Fig. 6.3 Tourists following an official walking route marked with flags by guides in Barrientos
Island, South Shetland Islands (photograph by Javier Benayas)



6 Trampling the Antarctic: Consequences of Pedestrian Traffic on Antarctic Soils 151

one to three times daily (Bertram 2007). During the 2010-2011 seasons, over
150 sites were visited by a total of over 150,000 visitors. The four most visited
sites (all in the Peninsula region) each received a total of 10,000—15,000 visitors
between November and March, which accounted for over 30 % of the total num-
ber of visitors at sites (IAATO 2011a). In contrast, some sites, especially those
that are far from the Peninsula, are only visited once or twice per year. Tourists
undertake a wide range of activities on land, including camping, hiking and climb-
ing (International Association of Antarctica Tour Operators 2011b). The number
of visitors to Antarctica has been increasing over recent decades. While visitor
numbers have decreased in recent years as a result of a global economic crisis, the
decades-long trend of growth in Antarctic tourism is expected to resume (IAATO
2011c).

Climate change could also have an influence on human pressure in the near
future. Sea ice cover along the Western Antarctic Peninsula has decreased by 40 %
between 1979 and 2004 (Ducklow et al. 2007; Stammerjohn et al. 2008). A shorter
sea ice season has been observed (Parkinson 2002). Annual average total sea ice
area is expected to decrease under climate change (Turner et al. 2009). Less sea
ice could make some locations more accessible and a shorter sea ice season would
lengthen the tourist season and the summer campaign for researchers. All of these
changes could increase the human pressure on Antarctic soils.

6.3.3 Species Introduction

Antarctic terrestrial ecosystems are limited in species diversity and are charac-
terised by the absence of many taxonomic groups. These simplified systems are
more vulnerable to colonisation by alien species (Convey 2006). Climate change
and human pressure are likely to act synergistically by reducing the barriers to
establishment and increasing import of alien species (Convey 2010). This would
subsequently increase the likelihood of establishment of alien species on Antarctic
soils which could impact native ecosystems and alter soil characteristics. To date,
only five alien species have established on the Antarctic continent, although there
are at least three others unconfirmed (Frenot et al. 2005; Hughes and Convey
2010; Hughes et al. 2013). The established species are three grasses (Poa annua
L., P. pratensis L. and P. trivialis L., with the latter species eradicated in 2007),
an enchytraeidae worm (Christensenidrilus blocki Dézsa-Farka and Convey), and
a brachypterous and parthenogenetic chironomid midge (Eretmoptera murphyi
Schaeffer). All of these species were first observed in the vicinity of scientific sta-
tions. In fact, it is believed that invertebrates were introduced accidentally dur-
ing transplantation experiments performed in the late 1960s (Dézsa-Farkas and
Convey 1997, 1998). Regarding alien microbiota, several authors have identified
that there is a critical gap in current knowledge (Frenot et al. 2005; Hughes and
Convey 2010; Cowan et al. 2011).



152 P. Tejedo et al.

None of the above mentioned species seem to have become invasive, although
in certain locations such as Arctowski Station, King George Island, these grasses
are locally abundant (Frenot et al. 2005). In this place, Poa annua has extended
into the surrounding native vegetation and was recently observed 1.5 km away
from the station, on the deglaciated moraines of the retreating Ecology Glacier
(Olech and Chwedorzewska 2011). There are other observations of exotic spring-
tails (Convey 2008; Hughes and Worland 2009; Greenslade 2010) and plants in the
maritime Antarctic, although the current status of these populations is unknown. In
2009, four individuals of the flowering plants Nassauvia magellanica JF Gmelin
and one of Gamochaeta nivalis Cabrera were found at Whalers Bay, Deception
Island. This site is frequently visited by large numbers of tourists and research-
ers, therefore an anthropogenically mediated establishment cannot be dismissed
(Smith and Richardson 2010). The specimens were removed in January 2010 by
a representative of the Deception Island Management Group to preserve the integ-
rity of the island’s native terrestrial ecosystem.

6.4 How Are Antarctic Soils Protected?

The Protocol on Environmental Protection to the Antarctic Treaty (also called
the Environmental Protocol) is the main regulatory document regarding envi-
ronmental protection in Antarctica. Article 3(2)(b)(iii) requires that ‘activities in
the Antarctic Treaty area shall be planned and conducted so as to avoid: signifi-
cant changes in the... terrestrial... environment’. However, the Protocol and its
Annexes do not identify any specific measures with respect to the minimisation
of trampling effects. Annex V of the Protocol sets out provisions for the estab-
lishment of Antarctic Specially Protected Areas (ASPAs) and Antarctic Specially
Managed Areas (ASMAs). Management plans guide the regulation of human
activities within ASPAs and ASMAs with the goal of protecting the special val-
ues of these areas. These documents establish, among others, the conditions under
which permits may be granted for access to the areas, activities which may be con-
ducted including restrictions on time and place, location of field camps, or require-
ments for waste disposal. Annex I of the Protocol sets out the requirements for
the undertaking of Environmental Impact Assessments (EIAs) prior to the start of
all activities to be conducted in Antarctica, whether government, private or com-
mercial. EIAs should analyse the possible consequences of all activities, including
foot traffic, on the different elements of the environment, including soils.

Apart from these legal instruments, a number of non-binding codes of conduct
developed by different organisations are also relevant to the conservation of Antarctic
soils. For specific locations, site-specific guidelines have been developed by the
International Association of Antarctica Tour Operators (IAATO) in conjunction with
the Antarctic Treaty parties. These guidelines provide practical guidance for tour
operators and guides on how tourist visits should be conducted at these sites, taking
into account local environmental values and sensitivities. Some measures for control-
ling the effects of trampling are included, such as closing areas from visitation and
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establishing walking routes in order to protect vulnerable features or fragile surfaces
such as desert pavement and avoid disturbance to vegetation (ATS 2012).

The ‘Environmental Code of Conduct for Terrestrial Scientific Field Research
in Antarctica’ of the Scientific Committee on Antarctic Research (SCAR 2009)
provides recommendations on how scientists and associated personnel can under-
take scientific field activities while minimising their environmental impact. All
countries involved in Antarctic field research are encouraged to include this code
of conduct within their operational procedures. Regarding trampling, three meas-
ures are proposed: (a) stay on established trails when available, (b) avoid walking
on areas that are especially vulnerable to disturbance and (c) re-use existing sites
wherever possible. Guidelines are important contributions towards the minimisa-
tion of human impacts and they need to be supported by targeted research. At pre-
sent, the effect of cumulative impacts is poorly known. It is uncertain if repeated
use of one area or spreading the activity across a larger area would lead to lower
impacts on soils (see Tejedo et al. 2009; O’Neill and Balks 2010). At Southern
Beaches Camp on Livingston Island, Tejedo et al. (unpublished data) measured the
physical properties of the top centimetres of the soil profile to examine how the
soils’ resistance to compression changed following the establishment and use of a
tent camp. The presence of the camp initially led to soil compression which was
followed by good recovery from season to season. However, previously impacted
soils had a higher vulnerability to disturbances which favoured the rapid appear-
ance of significant changes in the physical properties of the soil surface. The
freeze—thaw cycle that is present in most maritime Antarctic soils could favour
recovery (Tejedo et al. 2005, 2009), but continued use of the same area for several
seasons may excessively degrade the soil, making recovery more difficult. This
and similar research is necessary to help design effective future guidelines.

Finally, IAATO applies a version of the Recommendation XXVIII-1 Guidance
for Visitors to the Antarctic as guidelines for visitors to Antarctica (IAATO 2012).
There are no explicit guidelines for soil conservation and trampling. Expedition
leaders and guides are left to interpret these general recommendations in terms of
appropriate visitor behaviour for the minimisation of soil disturbances during vis-
its ashore.

6.5 Future Scenarios Regarding Soil Conservation

Integrating the discussions of soil vulnerability, drivers of change and existing
conservation measures in earlier sections, we analyse two possible future scenarios
for the conservation of Antarctic soil in this section. The first scenario assumes
a continuation of the current situation, which will be characterised by a limited
knowledge of soil degradation processes and a lack of concern for the environ-
mental impacts of human presence in the medium and long-term. The second sce-
nario assumes a change from the current mentality towards one which favours an
integral conservation of Antarctic resources, including soils.
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6.5.1 Business-As-Usual Scenario

Under this scenario, trampling would not become a widespread impact on terres-
trial Antarctic ecosystems, but certain sites with high levels of use will be severely
impacted. This is the case of Fildes Peninsula, King George Island, where numer-
ous stations are concentrated (Peter et al. 2008; Braun et al. 2013), or Barrientos
Island, a popular tourist visitation site, where unofficial paths have been created
outside authorised walking routes (Ecuador and Spain 2012). Under this scenario,
little research on soil properties and human impacts is conducted, hence our under-
standing of the factors that govern degradation of ground surfaces will not be greatly
improved, hampering our ability to establish effective protocols for soil conservation
and the consideration of cumulative impacts in EIAs. Management decisions will
continue to be made based on large uncertainties surrounding the resilience, response
and early detection of impacts of Antarctic soils. The current trend would continue,
where more effort is spent on documenting impacts than in mitigating them.

6.5.2 Conservation-Focused Scenario

This scenario would reflect a clear commitment of Antarctic Treaty parties to pri-
oritise the conservation of all natural resources in Antarctica, including soils.
Current knowledge about the characteristics and operation of Antarctic soils would
be improved, including the establishment of monitoring protocols based on specific
and sound physical, chemical and biological indicators. Although at present differ-
ent research teams are working on these indicators (see references in this chapter),
there are still certain gaps in knowledge on specific issues, including the effects of
trampling at the level of nutrient cycles, the impact on soil microbiota functional-
ity, or vulnerability and resilience against trampling in the medium- to long-term
for different Antarctic soils, making it difficult to make sound science-based man-
agement decisions with respects to soil conservation. The establishment of a moni-
toring network will fill this gap by providing information on spatial patterns and
temporal trends (see Klein et al. 2013; Sanchez and Njaastad 2013). This network
would include areas subject to intense human activity, such as at research stations
and popular tourist visitation sites (Fig. 6.4), and complementary control sites with
little human activity. Data could be represented in a geographic information sys-
tem (GIS) with free access to researchers worldwide. Availability of such data will
be invaluable for assessing the effectiveness of codes of conduct, mitigation meas-
ures and restoration activities and would help to create a catalogue of best practices
regarding soil conservation (see Pertierra et al. 2013b). National Antarctic Programs
can use this data to monitor their own environmental impacts. The data can also be
used to help with the management of tourist visitation sites, such as highlighting
best practices and identifying impacted areas which may need to be closed to allow
recovery. At a broader scale, this data can be useful for the purposes of strategic envi-
ronmental assessments. The Antarctic Treaty System’s Committee for Environmental
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Fig. 6.4 Environmental monitoring plot on Whalers Bay, Deception Island. In the background,
both the remains of the Norwegian whaling station and a tourist vessel can be observed (photo-
graph by Pablo Tejedo)

Protection could lead this process, while SCAR could collaborate in providing scien-
tific advice. In line with the commitment to the conservation of all natural resources
in Antarctica, under this scenario, remediation and restoration of abandoned sites will
also be prioritised. The legacy of contaminated soils and sediments in Antarctica is
estimated to be of the order of 1-10 million m? (Snape et al. 2001). While a number
of clean-ups have taken place, site remediation has generally been given low priority
(Tin et al. 2009). In addition, site restoration can facilitate the recovery of Antarctic
soils that have been impacted by the formation of walking tracks and use of camp-
sites. O’Neill and Balks (2010) demonstrated that raking to recontour tracked areas
led to recovery of surface pavements in the Ross Sea Region. All of these measures
would help to preserve the intrinsic physical attributes of Antarctic soils.

6.6 Conclusions

In this chapter, we have reviewed the major impacts of trampling and proposed a
conservation-focused future scenario which gives higher priority to soil conserva-
tion than current practices or in a Business-As-Usual future. Under the Antarctic
Treaty System, environmental monitoring is a legal obligation for signatory nations
and an essential tool for managers attempting to minimise local human impacts,
yet implementation is sparse (Hughes 2010). Perhaps this is linked to the difficulty
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that Antarctic Treaty nations may have in firmly prioritising conservation and mon-
itoring over other issues, such as historical land claims or the pursuit of interna-
tional prestige associated with presence in Antarctica. Secondly, material, human
and monetary resources are all needed to carry out environmental monitoring in an
effective way. These resources are often limited, especially around times of eco-
nomic recession, and gives rise to a fundamental question: should the minimisation
of trampling impacts be considered as a priority in Antarctic environmental man-
agement? Surely many people would suggest that there are other bigger problems
with greater negative consequences for the environment, such as climate change,
alien species, the risk of an oil spill, or long-range transboundary air pollution. And
most likely they are right. Nevertheless, in our opinion, conservation of Antarctic
soils should be a priority as they provide habitats for a regionally important and, in
some groups, highly endemic edaphic fauna and flora (Hughes and Convey 2010).
Moreover, Antarctica should be preserved in its best possible condition to allow sci-
entists to continue using it as a reference area for analysing certain processes, such
as global changes, and to give future generations the chance to inherit a wilderness
that is in as pristine a condition as possible. Therefore, we recommend further work
to improve the current knowledge about soil degradation processes in Antarctica
and what measures could be used to prevent the long-term impacts of trampling.
This would allow us to identify the best strategies to improve the conservation of
this important resource, which is crucial for the conservation of some of the most
vulnerable Antarctic terrestrial ecosystems against the impacts of human activities.
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Part I
Species and Ecosystems

Summary

Chapters 2—6 examine possible futures of different components of Antarctic
marine and terrestrial ecosystems. In Chap. 2, Woehler et al. examine threats to
Antarctic wildlife that could lead to significant decrease or loss in the quality and
quantity of habitat, disrupt ecosystem services and functions, or result in a signifi-
cant decrease in population sizes. They speculate that there will be an expansion of
virtually all anthropogenic activities in the Antarctic over the next 50 years. Under
a Business-As-Usual scenario, in which the current trajectory is extrapolated
into the future, human activities (primarily research, fisheries and tourism) are
expected to pose increasing threats to Antarctic marine and terrestrial wildlife and
ecosystems. Climate change will act synergistically with existing anthropogenic
threats. Threats to Antarctic ecosystems will increase in their intensity, frequency
and spatial extents into the future. The authors confidently predict that synergistic
and cumulative impacts will exacerbate existing threats and reduce the resilience
of ecosystems to further anthropogenic threats, placing greater stress on ecosystem
functions, tropho-dynamics and ecosystem services than at present. They conclude
that management of the Antarctic and its wildlife needs to adopt a holistic and pro-
active approach. Failure to address environmental threats now is indefensible and
may result in a future Antarctica with degraded environment values and ecosystem
functions, more typical of the rest of the planet.

In Chap. 3, Miller examines potential future trends for the exploitation of
Antarctic marine living resources in general and the krill fishery in particular.
He contends that both the present and the future are very different from the past
largely due to the existence of the Convention on the Conservation of Antarctic
Marine Living Resources, the impending scope of the krill fishery and the likely
domination of physico-biological impacts of climate change in the determina-
tion of the ecosystem’s future. He acknowledges that harvesting and unsustain-
able fishing, along with associated cumulative impacts from climate change and
pollution, remain the most dominant future threats to the Southern Ocean marine
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ecosystem. Effective governance and cost-efficient environmental management
are at the center of sustainable management of Antarctic marine living resources,
while protecting their associated ecosystems is an equally important considera-
tion. He concludes that increased ecological uncertainty will further complexify
the task of ameliorating human impacts. Therefore, the future of sustainable fish-
ing in the Southern Ocean is critically dependent on the effective implementation
of, and compliance with, creative governance solutions that are applied with the
necessary political will. He proposes a systematic risk-based approach to identify
impacts, address performance breakdowns and improve any attached impact miti-
gation strategies.

In Chap. 4, Leaper and Childerhouse discuss a number of future management
scenarios of whale conservation in the Southern Ocean, from the perspective of
baleen whales being an important component of the Antarctic marine ecosys-
tem. While the likelihood for the Antarctic to be reopened for large-scale whaling
appears to be very low, the authors assert that the best possible future scenario in
terms of whale conservation would be one where scientific 'Special Permit' whal-
ing within the Southern Ocean Sanctuary is halted, protective measures to allow
for the full recovery of whale populations are supported, alternative and non-lethal
uses of whales are developed, while baleen whales quietly get on with their busi-
ness of recovering. The authors also contend that, in the mean time, the possible
consequences of non-whaling threats associated with growing levels of commer-
cial, governmental and private human activity are highly uncertain. Threats such
as marine pollution, fisheries and climate change, may not only impact whales but
Antarctica as a whole.

In Chap. 5, Hughes et al. explore potential future scenarios for the dispersal
and establishment of non-native species in the Antarctic. Non-native species are
considered to be threats to Antarctica’s existing biodiversity, unique biological
assemblages, ecosystem structures and functions and scientific value. The authors
argue that a Business-As-Usual future in which climate warming is not adequately
addressed globally and in which biosecurity measures are not implemented effec-
tively for Antarctica represents a worst case scenario that results in rapid coloni-
sation of non-native species in Antarctic ecosystems and major habitat alteration.
They contend that an effective biosecurity system for the region will become all
the more necessary, assuming that human activities in the Antarctic are going to
increase, even in order to comply with the existing regulations laid down in the
Madrid Protocol. Other methods to ensure adequate protection of at least some of
Antarctica’s ecosystems may include setting aside unimpacted areas where either
humans are not allowed to visit or where visitors numbers are limited and bios-
ecurity standards are exceptionally high. More generally, the area encompassed
within Antarctic Specially Managed Areas and Antarctic Specially Protected Areas
could be increased in a systematic manner, and their management plans could be
strengthened to give effective and enhanced protection.

In Chap. 6, Tejedo et al. propose two possible future scenarios with respect
to the management of human traffic on Antarctic soils. Under a Business-As-
Usual future, soil impacts will not become widespread but impacts would be
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concentrated at certain sites with high levels of use. Antarctica is valued as a sci-
entific reference area and pristine wilderness for future generations. Antarctic
soils are also important habitats for regionally important as habitats for region-
ally important and highly endemic edaphic fauna and flora. Therefore, they also
depict a conservation-focused scenario which reflects a clear commitment of
Antarctic Treaty parties to prioritise the conservation of all natural resources in
Antarctica, including soils. Under this scenario, knowledge of Antarctic soils will
be improved, through targeted research and the establishment of systematic moni-
toring networks. This information would be used for assessing the effectiveness of
codes of conduct, mitigation measures and restoration activities and would help
to create a catalogue of best practices regarding soil conservation. Remediation
and restoration of abandoned sites will also be prioritised, helping to preserve the
intrinsic physical attributes of Antarctic soils.

For many of the human activities discussed in Part I, regulations were intro-
duced after significant impacts on species and ecosystems were reported. At
one end of the spectrum, nearly all present and future activities related to com-
mercial whaling were banned after a near annihilation of most whale populations
(Chap. 4). Less drastic is the case of scientific research and associated logis-
tics, which have resulted in significant impacts on Antarctic wildlife in the past.
These activities are now regulated through the Madrid Protocol, and environmen-
tal impacts reported in conjunction with these activities are not considered to be
extreme (Chap. 2). In the case of krill harvesting, human activities have not yet led
to proven significant impacts (Chap. 3). The same can be said for the introduction
of non-native species (Chap. 5). However, it is acknowledged that in both cases
future impacts can have far-reaching consequences. Therefore, authors of both
Chaps. 3 and 5 maintain that activities should only be allowed, and be regulated,
with the intention of maintaining ecological sustainability and avoiding significant
impacts. As such, regulation of these activities and impacts should be proactive,
precautionary and strategic. By comparison, the regulation of certain aspects of
shipping, tourism and human traffic on soils is seen as weak and not regarded as
long-term, precautionary or strategic (Chaps. 2 and 6).

Since commercial whaling is a human activity that is currently subject to
strongest regulation (i.e. no activity is allowed with exception being whaling
for scientific purposes), it is the only case where a Business-As-Usual scenario
would allow species to recover or ecosystem health to improve (Chap. 4). In
the consideration of Antarctic wildlife, krill, non-native species and soil ecosys-
tems (Chaps. 2, 3, 5 and 6), authors postulate that a Business-As-Usual scenario
would entail increased human activity and, taking into consideration the effects
of climate change, current regulations would not be able to ensure ecological
sustainability.
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Chapter 7

Environmental Assessment

and Management Challenges of the Fildes
Peninsula Region

Christina Braun, Fritz Hertel, Osama Mustafa, Anja Nordt,
Simone Pfeiffer and Hans-Ulrich Peter

Abstract Since the inception of the Antarctic Treaty, numerous regulations for
environmental protection were adopted by the Treaty parties to minimise nega-
tive environmental impacts of human activity. Nevertheless, the concentration of
a variety of human activities in some Antarctic regions leads to a conflict of inter-
est. The Fildes Peninsula on King George Island, in the Antarctic Peninsula, repre-
sents a unique example of increasing human pressure due to multiple human uses.
Scientific research, station operations, transport logistics, tourism, nature conser-
vation and protection of geological and historical values regularly overlap in space
and time. A standardised assessment of fauna, flora and impact of human activities
on the terrestrial ecosystem was conducted between 2003-2006 and 2008-2011
to provide a comprehensive dataset that documents the environmental state of the
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Fildes Peninsula. Management measures are suggested to mitigate these impacts,
such as the designation of an Antarctic Specially Managed Area. The political
debate amongst the Treaty parties about regulatory measures is on-going, but we
strongly recommend immediate action.

Keywords Antarctica * Antarctic Specially Protected Area ¢ Environmental
management ¢ Fildes Peninsula Region ¢ Human impact

7.1 Introduction

Fildes Peninsula, Ardley Island and adjacent small islands within half a kilome-
tre off the coast (hereafter ‘Fildes Peninsula Region’, 62°08'-62°14'S, 59°02/'-
58°51'W) are located in the south-western part of King George Island, South
Shetland Islands, Antarctic Peninsula. This region represents one of the largest ice-
free areas in the maritime Antarctic. As a consequence of its high biodiversity and
rich fossil deposits two Antarctic Specially Protected Areas (ASPAs) have been
designated: ASPA No. 125 Fildes Peninsula and No. 150 Ardley Island, Maxwell
Bay, King George Island (ATS 2010). At present Fildes Peninsula hosts six perma-
nent Antarctic stations, built between 1968 and 1994 (COMNAP 2010; Fig. 7.1).
Due to the proximity to South America and the construction of the Chilean airport
in 1980, the area represents a major logistical hub for the South Shetland Islands
and the Antarctic Peninsula. Consequently, the area is intensively used for scien-
tific, logistic and tourism-related activities which frequently overlap in space and
time. This often leads to conflicts of interests between the different human activi-
ties and the legally agreed standards of environmental protection provided by the
Protocol on Environmental Protection to the Antarctic Treaty (hereafter ‘Protocol’;
ATS 1991).

In various reports of inspections carried out under Article 7 of the Antarctic
Treaty and Article 14 of the Protocol, together with non-governmental reports, a
variety of shortcomings were stated (Australia et al. 2005; United Kingdom and
Germany 1999; United States 2001, 2007; Tin and Roura 2004). This included
regular duplication of scientific projects and station operations. Recommendations
were made by the inspection teams, amongst other things, regarding fuel handling
and storage, waste management and sewage treatment, but have been implemented
only partially by the National Antarctic Programs (NAPs).

As a result of the persistent concern about the environmental situation, there
has been an ongoing discussion over the last decades about how to reduce nega-
tive impacts by supplementing the existing ASPAs with additional manage-
ment measures. In this context, the German Federal Environment Agency
(Umweltbundesamt) commissioned a research project (2003—2006) to provide a
substantial data set that enables a full evaluation of the environmental risks in this
area (Germany 2004). To this end, a multitude of relevant biotic and abiotic param-
eters were assessed during the summer seasons (December—March). This included
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Fig. 7.1 Overview of the Fildes region (modified after Braun et al. 2012)

standardised monitoring of the distribution of bird and seal breeding sites, the
occurrence of non-native species and the recording of human activities, with
special attention to their associated environmental impacts and obvious infringe-
ments of ASPA management plan regulations. The methods applied are described
in detail in Peter et al. (2008). Data has been collected within station boundaries
of several countries, with the permission of those responsible for the station con-
cerned. Our data was supplemented by information provided by personnel from
stations in the Fildes Peninsula Region. For the sake of confidentiality no names
of informants will be given. Based on the findings, the implementation of an
Antarctic Specially Managed Area (ASMA) was proposed and a management plan
was drafted for this purpose (Germany 2004; Peter et al. 2008). A second monitor-
ing period was initiated between 2008 and 2011 to provide an updated database
for the international debate within the Antarctic Treaty Consultative Meeting’s
(ATCM) Committee for Environmental Protection (CEP) (Germany 2009).
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Here, the main results of the standardised assessment of fauna and flora related
to changes in human activities are presented. Predictions for future developments
in the Fildes Peninsula Region are made, which strongly support the need for
effective management measures to reduce negative impacts of human activities on
the ecosystem. It is argued that the implementation of a legally binding ASMA is
the only option that will effectively control future impacts. So far, there is no con-
sensus between the stakeholders about the appropriate management measures.

7.2 Current Environmental Situation

7.2.1 Avifauna

The Fildes Peninsula is an important breeding ground for four seal species and thir-
teen seabird species (Table 7.1). In addition, a new breeding colony of the light-man-
tled sooty albatross was detected recently (Lisovski et al. 2009). The highest breeding
pair density of seabirds was found on Ardley Island, one of the main reasons for its
designation as ASPA No. 150. Skuas (Catharacta antarctica lonnbergi, C. mac-
cormicki), Antarctic terns (Sterna vittata) and storm petrels (Oceanites oceanicus,
Fregetta tropica) also breed in areas of high human activity like the immediate vicinity
of the stations, roads and the airstrip. This indicates a habituation behaviour leading

Table 7.1 Observed range Species Breeding pair numbers

of breeding pair numbers in - - - -
the Fildes Region in seasons Chinstrap penguin (Pygoscelis 8-29 (Ardley island)

2003/2004-2005/2006 and antarctica) ,

2008/2009-2010/2011 Gentf)o pengl%m (Pygoscelis papua) 4,957-5,665
Adélie penguin (Pygoscelis adeliae) 307-559
Southern giant petrel (Macronectes 225407

giganteus)

Light-mantled sooty albatross 0-5
(Phoebetria palpebrata)

Cape petrel (Daption capense) >300

Wilson’s storm petrel (Oceanites ~3,500-5,000
oceanicus)

Black-bellied storm petrel (Fregetta ~500-1,000
tropica)

Brown skua (Catharacta antarctica 27-85
lonnbergi)

South polar skua (Catharacta 132-254
maccormicki)

Mixed skua pairs (C. a. lonnbergi 9-32
x C. maccormicki)

Kelp gull (Larus dominicanus) 50-142

Antarctic tern (Sterna vittata) <100-900*

Snowy sheathbill (Chionis alba) 0-2

4total number during the whole season
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to a lower sensitivity to permanent or frequent stressors like visitors and noise (e.g.
Cobley and Shears 1999; Fraser and Patterson 1997; Nimon et al. 1995; Young 1990).

Results of more than 30 years of continuous monitoring of penguin breeding
pair numbers on Ardley Island show significantly diverging trends for the three
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Fig. 7.2 Numbers of breeding pairs of gentoo, chinstrap and Adélie penguins on Ardley Island
over the last 40 years
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penguin species (Fig. 7.2). The total number of breeding pairs (BP) of gentoo pen-
guins (Pygoscelis papua) increased from 1,656 in 1983/1984-5,603 in 2010/2011
with a maximum of 5,746 in 1993/1994. The numbers of Adélie penguins
(P. adeliae) breeding on Ardley Island have shown a strong decline from 1,516
BP in 1993/1994 to a minimum of 307 BP in 2009/2010. The chinstrap penguin
(P. antarctica) population decreased from over 200 BP in the 1970s to only 9 BP in
2010/2011. This decline is amplified by climate change effects (Peter et al. 2008).

The most plausible explanation for the diverging population trends of Adélie,
chinstrap and gentoo penguins on Ardley Island could be related to different sur-
vival rates during winter, as the breeding success did not differ between the spe-
cies (unpublished data). Results obtained in several studies support this (Carlini
et al. 2009; Hinke et al. 2007; Lynch et al. 2010). Thus, the observations on Ardley
Island coincide with the general trend in the Antarctic Peninsula of penguin pop-
ulations responding to increasing average winter temperatures (e.g. Carlini et al.
2009; Chwedorzewska and Korczak 2010; Forcada et al. 2006; Hinke et al. 2007;
Lynch et al. 2008; Trivelpiece and Fraser 1996; Woehler et al. 2001).

Southern giant petrels (Macronectes giganteus) are considered to be highly sen-
sitive to human disturbance (e.g. Gonzalez-Solis et al. 2000; Micol and Jouventin
2001; Pfeiffer and Peter 2004) and show a global decreasing population trend
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(IUCN 2010). Pfeiffer (2005) has demonstrated that southern giant petrels in the
Fildes Peninsula Region may habituate to human impact if the disturbance is regu-
lar and predictable. Since 1984/1985, the total number of breeding pairs of south-
ern giant petrels in the Fildes Peninsula Region did not show significant changes
(RZ = 0.00, p < 0.001, Fig. 7.2). This is consistent with other studies reporting
stable or increasing populations (Lynch et al. 2008; Woehler 1997). However, BP
numbers and breeding success (raised chicks per BP) decreased rapidly in some
colonies, whereas nearby colonies either showed a slight increase or no change
(Fig. 7.3). Natural factors (e.g. food availability, predation, climatic conditions)
are unlikely to explain these findings, as they should have the same influence on
adjacent colonies. The observed different level of human activity is considered to
have a strong impact on the number of BP and the breeding success (Braun et al.
2012; Peter et al. 2008), as only colonies that are frequently visited during summer
by station personnel in their leisure time (see also Sect. 7.2.9) showed a popula-
tion decline. The slight increases in other colonies indicate nest site shifts, which
have been shown earlier for the Fildes Peninsula Region (Chupin 1997; Peter et al.
1991, 2008; Pfeiffer 2005). Our results suggest that leisure visits are a major threat
to southern giant petrels.

7.2.2 Non-indigenous Species

Antarctic ecosystems are highly vulnerable to the introduction of non-indigenous
species, as favourable environmental conditions can lead to distribution of these
species and even suppression of endemic species (Frenot et al. 2005; Hughes and
Convey 2010; Hughes et al. 2013). Results from recent studies suggest that per-
sonnel of NAPs throughout Antarctica carry a higher propagule load than tourists
(SCAR 2010). Hence, there is a major threat of the introduction of non-indigenous
species by transporting people, cargo, food and construction material to the sta-
tions (Barnes and Convey 2005; Osyczka 2010), especially in areas with intensive
station and visitor activity like the Fildes Peninsula Region. While crews and tour-
ists of vessels operating within the guidelines of the International Association of
Antarctica Tour Operators (IAATO) apply some measures to minimise the risk of
introduction of seeds and other propagules, no systematic efforts are known from
the NAPs present in the Fildes Peninsula. In contrast, the use of untreated Siberian
moss as sealing material has been documented and houseplants are still present in
some of the stations (Peter et al. 2008). In the 2003/2004 season at least one rat
was transferred to Fildes Peninsula during unloading of a ship, but was found dead
after a few weeks (Peter et al. 2008). The repeated occurrence of moths and fruit
flies in storage buildings was reported (pers. comm. station personnel). Individual
specimens of several introduced grass species were detected in two station areas
and subsequently removed by the authors as recommended in Article 4, Annex II
of the Protocol (Peter et al. 2008; New Zealand 2006). However, due to the size of
the plants and the existence of flowers further colonisation cannot be excluded.
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7.2.3 Air Traffic

The construction of the Chilean airport turned the area into a logistic center
resulting in extensive air traffic. The survey of local flight activity during the sum-
mer months revealed a constant and high proportion of days with aircraft opera-
tions throughout the summer. Flight activity was observed on average on ~70 %
of days of the study period (10 December—26 February 2003/2004—-2005/2006
and 2008/2009-2010/2011). The use of smaller aircraft (e.g. King Air, BAE-
146, Twin Otter), mainly used for tourism purposes, exceeded logistic flights of
Hercules C-130 by far (Braun et al. 2012). The slight decrease of helicopter flight
days does not indicate reduced helicopter use but a general higher concentration
on certain days during logistic operations. Concerning the overflight exclusion
zone for Ardley Island [below the vertical distance of 610 m and the horizontal
distance of 460 m; ATCM recommendations (ATS 2004, 2009b), the number of
observed flights into the zone decreased considerably over time. This could be
attributed to the increasing acceptance and implementation of the above-men-
tioned guidelines.

7.2.4 Ship Traffic

Ship traffic in the Maxwell Bay increased significantly, for example in terms of
the number of ship arrivals over the six studied seasons (R’> = 0.71, p < 0.05).
This was mainly caused by supply (40 % of all observed ship arrivals), patrol
(18 %) and research vessels (9 %). Despite regular tourist activity and growing
levels of passenger exchange via air-cruise programmes (IAATO 2010a) in the
Fildes Peninsula, cruise ship accounted for only 25 % of all observed ship arriv-
als. This underlines the low attractiveness of the Fildes Peninsula for cruise tour-
ism (Lynch et al. 2010). A number of cruise vessel approaches were due to other
purposes, e.g. medical evacuation of passengers or transport of scientists (Braun
et al. 2012).

After a strong increase between 2003 and 2006 (Peter et al. 2008), the number
of days with at least one ship present in Maxwell Bay (ship days) remained on
a high level. On average, ships were observed at 73 % of days during the study
period. The findings indicate a growing accumulation of ships with an observed
peak of seven ships simultaneously present in Maxwell Bay (Peter et al. 2008).
Most accumulations took place during logistical operations and often entailed
extensive air traffic (primarily helicopter), cargo transport with inflatable boats and
heavy vehicles, as well as station visits of ship crews or tourists. Cumulative envi-
ronmental impacts, caused by these peaks in human activity, can affect the station
areas and their vicinity, for example by increased noise and disturbance of breed-
ing or resting seabirds and seals.
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7.2.5 Land Traffic

Land traffic occurs mainly along the existing network of gravel roads connect-
ing all stations in the Fildes Peninsula Region. Each NAP holds a vehicle fleet
to transport people and cargo. The assessment of vehicle tracks beyond the road
network revealed an increasing number of off-road tracks compared to data from
2003-2006 (Braun et al. 2012; Peter et al. 2008; unpubl. data). Many of these
tracks deeply carved into the soil, which often resulted in physical destruction of
vegetation. Moreover, we have documented vehicle use within the two ASPAs No.
125 and 150 (Fig. 7.4a), which represents a clear infringement of the regulations
set out in the ASPA’s management plans (ATS 2009b, c).

A high proportion of off-road vehicle tracks were caused by four-wheel
motorbikes. This vehicle type has been introduced recently in several stations,
allowing access to regions which have never been visited with vehicles before.
Apparently vehicle use beyond the road network was in a few cases related to

scientific activities, but mostly for leisure purposes (pers. obs., see below; Braun
et al. 2012).

Fig. 7.4 Examples of environmental impacts in the Fildes region: a vegetation damage in ASPA
No. 150 caused by land traffic, b open waste deposit, ¢ diesel plume on the stream discharging
into the Maxwell Bay, d beach ridge, damaged by quarrying



178 C. Braun et al.
7.2.6 Waste and Sewage Management

As a consequence of the relatively long human presence in the Fildes Peninsula
Region, waste in many different forms is present across the entire region. By
means of waste mapping we showed the broad distribution of waste objects (Peter
et al. 2008). Besides large amounts of marine debris washed ashore, a large variety
of objects originated from the local stations. Waste that was buried in the past near
the station becomes visible as a consequence of solifluction processes. In some
cases, remains of installations of scientific experiments still contribute to the ongo-
ing waste entry into the region.

Various efforts to improve waste management in the stations were made, for
example the dismantling of unused and demolished buildings or the removal of
large amounts of historical waste from the Antarctic Treaty area. Nevertheless,
several decayed field huts and installations still remain, and certain banned prac-
tices for dealing with waste (see Annex II and III of the Protocol) do still occur
(Braun et al. 2012; Peter et al. 2008). These include the open burning of waste, the
active feeding of birds and the existence of open waste dumps containing hazard-
ous items (Peter et al. 2008).

In the 2008/2009 season, waste was openly stored in one of the stations for at
least 4 months. A wide variety of unsorted materials like insulation material, card-
board, construction waste, paint buckets, batteries and fire extinguishers were con-
tinuously deposited (Fig. 7.4b; Braun et al. 2012). As no measures were applied to
prevent distribution by wind drift, a large amount of lighter weight waste materials
were spread throughout the southern part of the Fildes Peninsula Region and into the
Maxwell Bay, also affecting the ASPA No. 150 Ardley Island (Braun et al. 2012).

Despite the elimination of access for skuas and gulls to anthropogenic organic
material, the banned practice of active feeding, including with poultry products,
has been reported at all stations in the Fildes Peninsula Region (Peter et al. 2008).
This represents a high risk of introduction and spread of diseases in Antarctica
(Australia 2001; Bonnedahl et al. 2005; Gardner et al. 1997; Hemmings 1990;
Parmelee et al. 1979; Woehler et al. 2013).

Regarding sewage treatment, growing efforts have been made in the Fildes
Peninsula to fulfil the guidelines of the Protocol. Since the 2008/2009 season, all
stations run sewage treatment plants of different levels of sophistication (Braun
et al. 2012). Until then, the waste water of one of the stations was discharged
untreated when the number of resident summer station personnel exceeded the
recommended maximum of 30 persons. This practice was in conflict with the
requirements of the Protocol (see Annex II). After treatment, the water is typi-
cally discharged into the sea, except in one case where the effluent is drained into
a stream approximately 1 km from the coast (Braun et al. 2012). The effectiveness
of the applied sewage treatment could not be monitored by the authors, but pungent
smells and high turbidity at some sewage outfalls indicate a poor quality of sewage
treatment. This was underlined by reports of marine biologists about the condition
of the sea floor off the coast of the central Fildes Peninsula, which is covered with a



7 Environmental Assessment and Management Challenges 179

remarkable layer of organic material of anthropogenic origin and shows a very low
biodiversity of marine organisms (ASOC 2007; Braun et al. 2012; pers. comm.).

7.2.7 Oil Contamination

Hydrocarbon contamination is a widespread environmental threat resulting from
human activity in Antarctica, in particular because of the low degradation rate due
to the generally cold climate conditions (Filler et al. 2008; Tin et al. 2009). For the
Fildes Peninsula, chronic oil contamination and the urgent need of upgrading and
improving the infrastructure have been repeatedly reported (Australia et al. 2005;
United States 2007; Tin and Roura 2004). Leaking station tanks and pipelines,
spillages during fuel transfer and from poorly maintained vehicles, and the remo-
bilisation of formerly contaminated soil were identified as the main contamina-
tion sources (Braun et al. 2012; Peter et al. 2008). Some efforts are being made to
replace old single-walled fuel tanks and improve fuel handling and transfer fol-
lowing the recommendations of the Council of Managers of National Antarctic
Programs (COMNAP 2008). In contrast, contingency plans and resources required
to contain an oil spill are not available at all stations (pers. comm. station personnel),
which became evident during a recent oil spill. Major oil spills of several thousand
litres of fuel are known to occur in the Fildes Peninsula every few years.

The most recent incident was an oil spill at a fuel tank, which started leaking
during winter 2009 and caused a major oil spill of diesel fuel in the following
summer (Braun et al. 2012). An unknown amount of diesel fuel was released into
the snow and with onset of snowmelt discharged via an adjacent stream into the
Maxwell Bay (Fig. 7.4c). The pollution continued throughout the summer, visible
by the broad oily sheen covering the western part of the Maxwell Bay. In coopera-
tion with neighbouring stations some mitigation measures were taken, in particu-
lar the removal and burning of contaminated snow, the application of absorbent
oil booms in the stream, as well as the use of inflatable boats in Maxwell Bay in
order to increase fuel evaporation. However, the applied containment and remedia-
tion measures were very limited in their extent and effectiveness. They failed to
prevent widespread pollution of the marine environment. Penguins were observed
regularly diving through the dense diesel plume, as the oil spill occurred in close
proximity to the penguin colony on Ardley Island (ASPA No. 150). Thus, negative
impacts on penguins, for example in terms of the effects on energy metabolism,
physiology or immunosuppressive mechanisms, are very likely (e.g. Briggs et al.
1996, 1997; Culik et al. 1991; Eppley and Rubega 1990).

7.2.8 Construction Activities

In recent years, a clear trend in extending station facilities on the Fildes Peninsula
has become evident, as five out of six stations have been extended since 2006.
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The achieved improvements refer to scientific facilities as well as to operational
constructions, for example the replacement of corroded single-walled fuel tanks.

Construction activities in and around stations are considered to be the main
potential threat to the environment in the Fildes Peninsula. A variety of environ-
mental impacts of construction activities in and around the stations have been
reported, including the extraction of material and quarrying for building mate-
rial (Braun et al. 2012; Peter et al. 2008). The observed impacts ranged from an
increased level of oil pollution by leaking vehicles and major waste entry into
the environment. Quarrying sand and gravel for building purposes has not only
resulted in change of the landscape structure but also in heavy disturbance or even
destruction of vegetation and breeding sites of skuas, gulls, terns and storm pet-
rels. Several fossil beach ridges were quarried (Fig. 7.4d) regardless of their high
scientific value for regional and global palaeoclimate research (Berkman et al.
1998; Méusbacher 1991). Between 2008 and 2011, the total area affected by the
extraction of material covered more than 60,000 m?.

Despite these impacts, the commensurate level of Environmental Impact
Assessment (EIA) has obviously not always been applied. The Protocol requires
that projects with an impact considered greater than ‘minor or transitory’ be
subject to the highest level of EIA, known as a Comprehensive Environmental
Evaluation (CEE), which subjects the project to international scrutiny. For exam-
ple, the destruction of beach ridges represents a case of long-lasting environmental
damage, and should have merited a CEE. Similar conclusions were made by the
Antarctic and Southern Ocean Coalition (ASOC 2007) and Bastmeijer and Roura
(2008). As a consequence of the station extensions between 2006 and 2011, the
area consumption by station buildings increased by 24 %, and the number of sta-
tion personnel by 23 and 34 % during summer and winter, respectively.

According to the Protocol, station extension processes should be accompanied
by monitoring procedures to assess and verify the impact of the associated envi-
ronmental impacts (Hughes 2010; Klein et al. 2013). It is not known if and to what
extent such monitoring efforts have been put in place in the Fildes Peninsula.

7.2.9 Scientific, Leisure and Tourism Activities

7.2.9.1 Scientific Research

The potential environmental impact of scientific activities is widely recognised.
The demand for co-ordination of, and cooperation between, station personnel
and scientists on King George Island has been repeatedly stressed (ASOC 2007,
SCAR 2001, 2009a). In particular, the high concentration of stations in the Fildes
Peninsula enlarges the chance of duplication of research projects. This may cause
unnecessary negative environmental impacts as well as detrimental effects on
the quality of the obtained data (Peter et al. 2008). Nevertheless, all NAPs have
recently increased their scientific activities in the Fildes Peninsula Region without
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any appropriate co-ordination. Due to the often limited access to information about
ongoing projects, the environmental impact of scientific field work is hard to verify.
However, it is expected that the associated impacts will increase further if no effec-
tive measures to reduce research duplication are duly applied (Braun et al. 2012).

Attention should also be paid to the methods applied in the execution of field
work, as a variety of broken installations and remains of field experiments can be
found in the Fildes Peninsula (Braun et al. 2012). Unnecessary vehicle use, also by
scientists, beyond the road network has led to extensive damage of vegetation and
disturbance of birds and seals. The application of the recently published environ-
mental code of conduct for terrestrial scientific field research in Antarctica could
contribute to the avoidance of these impacts (SCAR 2009b).

7.2.9.2 Station Personnel Recreational Activities

Due to high numbers of station personnel and the length of their stay in the region,
their leisure activities play a significant role with regard to disturbance of fauna
and flora (Haase 2005; Headland 1994; Riddle 2010). Proven damage on the envi-
ronment includes population declines and shifts in breeding areas of birds and
seals (Chwedorzewska and Korczak 2010; Peter et al. 2008; Pfeiffer 2005).

Station personnel in the Fildes Peninsula are known to spend a considerable
part of their leisure time outside the stations, roaming almost freely over the whole
area (Peter et al. 2008). Of particular interest in this context are sensitive and/or
protected areas. These areas are mainly accessed by vehicles or boat, for example
for taking pictures or fishing. We personally observed that local station person-
nel occasionally collected fossils and minerals or approached, touched or caught
animals in order to take pictures. Such leisure activities are conflicting with the
regulations of the Protocol (Annex II, Article 3), as well as the management plans
of the affected ASPA No. 125 and ASPA No. 150 (ATS 2009b, c¢). The lack of
an appropriate environmental briefing in some of the stations (pers. obs.) contrib-
utes to a disregardful attitude of some of the station personnel (Braun et al. 2012).
In addition, neither of the management plans for both ASPAs in the region, nor
information about existing guidelines (e.g. those recommended by IAATO and the
Antarctic Treaty Consultative Meetings) were available to all station members.

7.2.9.3 Tourism Industry

Tourism activities in the Fildes Peninsula take place on a regular basis, such as
sea-borne, air-borne and combined air-cruise tourism. While the sea-borne tour-
ism (landings of passengers of cruise vessels) did not increase (IAATO 2010a), the
number of tourist flights, related to one- or two-day programmes involving guided
walks (air-borne tourism), have increased (Braun et al. 2012). The transfer of pas-
sengers between cruise vessels and the Chilean airport on Fildes Peninsula rep-
resents the relatively new practice of air-cruise tourism, which allows tourists to
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avoid the potentially rough crossing of the Drake Passage by ship. Although the
numbers of transported passengers between 2003 and 2010 increased almost ten-
fold (IAATO 2004, 2010b), no direct negative impacts have been associated with
these various types of tourism.

A marathon is organised almost yearly on Fildes Peninsula, with participants
arriving by ship. The event was observed by the authors in 2005, 2009 and 2011,
and the landings of passengers were considered in line with the accepted IAATO
guidelines (ATS 2009a). The environmental impact was considered to be low, as
the track almost exclusively followed the existing road network and took place at
the very end or after the bird breeding season (Braun et al. 2012; Peter et al. 2008).

In contrast to the station personnel, most tourists are strictly guided, limited to
certain routes and briefed about existing regulations and guidelines.

7.2.9.4 Government-Supported Tourism

A small number of tourists travel with ships of NAPs to the Antarctic (Hall 1992;
Riffenburgh 1998). During landings on Fildes Peninsula we observed several
instances of passengers without guides closely approaching penguins and seals
(Braun et al. 2012). Some of these passengers stated that they had no knowledge of
the existing visitor guidelines of IAATO and the Antarctic Treaty System (ATS 1994).
In order to avoid negative impacts on fauna and flora by these visitors, an appropriate
environmental briefing and guidance during landings should be obligatory.

7.2.9.5 Official Delegations, Media and Educational Visits

Due to the relatively easy access, the Fildes Peninsula is often visited by a variety of
other people, for example official delegations and media teams. There is an increas-
ing trend in educational programmes conducted by all NAPs present in the area. The
execution of some of these programmes revealed scarce preparation, for instance, an
ASPA was entered for scientific sampling without an appropriate permit.

In summary, despite the fact that the number of tourists arriving in the Fildes
Peninsula far exceeds the number of station personnel, tourism is considered to
have a comparatively low environmental impact. Due to the much longer pres-
ence of station personnel within the area, expressed in person-days ashore (Riddle
2010), station personnel is likely to have a much higher local environmental
impact than tourists (Braun et al. 2012; Haase 2005; Headland 1994).

7.3 Political Debate

Parallel to the German research activities, Treaty parties have been involved in a
discussion process on environmental management at an early stage, especially those
which run stations or huts in the Fildes Peninsula Region (Germany 2004, 2005).
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The results of a workshop on King George Island organised by Germany were pre-
sented at the 29th ATCM in 2006 and led to the establishment of the International
Working Group on Fildes Peninsula (IWG Fildes) convened by Chile and
Germany (Brazil et al. 2006). This IWG aims to develop a management plan for
the Fildes Peninsula. Another 13 Antarctic Treaty parties joined the IWG: i.e.
Argentina, Australia, Brazil, China, France, Japan, Korea (ROK), Peru, Poland,
Russia, Spain, United Kingdom and Uruguay. IAATO and ASOC joined as advi-
sory members. Since 2006, different management proposals and their necessity
have been discussed mainly on the basis of the research results achieved by the
German research project (Peter et al. 2008). The aim of the IWG is to improve
the co-ordination of all human activities in the Fildes Peninsula to minimise the
environmental impacts. To achieve this aim, the majority of the involved IWG
members favoured the designation of the region as an ASMA (Brazil et al. 2006).
However, Chile and Uruguay did not approve this proposal.

Chile initially took an active part in the discussion on possible management
proposals for the Fildes Peninsula Region and organised a workshop in Punta
Arenas in 2007 to discuss feasible alternatives to an ASMA designation (Germany
2007; Germany and Chile 2007). They proposed a legally non-binding approach
with codes of conduct for different kinds of activities (like tourism, scientific
research, etc.).

During the 30th ATCM, the conveners of the IWG reported on the results
achieved so far, in particular results of the German research project (Peter et al.
2008; Germany and Chile 2007). Additionally, Germany introduced the paper
‘Possible Modules of a ‘Fildes Peninsula Region” ASMA Management Plan’,
which included a spatial zoning system for different kinds of activities, as well
as different codes of conduct (Germany 2007). These proposals were approved by
the IWG Fildes as a basis for further work and discussion. During the IWG meet-
ing in New Delhi in 2007, the members agreed on a working plan and a respective
timetable. Accordingly, it was agreed that the Draft Management Plan, developed
by Germany, should be revised to include all available information provided by
the other IWG members, such as codes of conduct for facility zones, scientific
research and visitors. Due to little participation of IWG members within the web-
based discussion forum set up by the CEP, the work has stagnated and a working
plan could not be finalised. At the 31st ATCM, Germany presented and distrib-
uted the final report of the first research project on environmental management
(Germany 2008).

At the IWG Fildes meeting in August 2009 in Punta Arenas, Chile pointed out
that it would no longer aspire to the proposed long-term objective of designating
a ‘Maxwell Bay ASMA’, expressed earlier that year at the 32nd ATCM (Chile
2009). Instead, Chile would rather concentrate on a smaller area comprising the
Fildes Peninsula and Ardley Island territories. Further, Chile preferred the estab-
lishment of a zoning system. Stepping stones for the set-up of a facility zone and
the visitor zone were agreed upon (Germany and Chile 2010). Chile, Argentina
and Uruguay disapproved the proposal to designate Fildes Peninsula as an ASMA.
However, Germany still holds the view that the designation of an ASMA, either in
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a small scale (Fildes Peninsula Region) or in a wider scale version (Maxwell Bay),
is the only effective option to get the environmental challenges under control in a
sustainable manner (e.g. Peter et al. 2008).

Since 2009, discussions within the IWG have moved forward in small steps,
without considering the ASMA option. The Draft Management Plan elaborated by
Germany has been revised several times. Recently, all parties running stations in
the area agreed on the spatial extension of a potential facility zone (Germany and
Chile 2010). Currently, the proposed code of conduct for the facility zone is under
further discussion.

7.4 Future Challenges for the Fildes Peninsula Region

The Antarctic is an important part of the Earth’s ecosystem. The climatic, physi-
cal and biological properties of the continent and the surrounding ocean are closely
connected to other parts of the global environment through both oceanic and atmos-
pheric circulation (SCAR 2009c). Over the next 50 years, based on our area of
expertise, we are expecting a continuation of the current trends of increasing human
activities and further anthropogenic influences affecting Fildes Peninsula on differ-
ent scales. The most important external factor is climate change. Strong increases of
air and water temperatures have already resulted in a large regional decrease of sea
ice, as well as of ice shelves, at the Antarctic Peninsula, but not in East Antarctica
(SCAR 2009c). This development will presumably continue in the future.

Components of the marine ecosystem linked to sea ice, such as krill and pen-
guin abundances, show a clear response to climate change (e.g. Smith et al. 2003;
Atkinson et al. 2004; Forcada et al. 2006). Due to the loss of sea ice, significant
changes in algal growth and krill densities are observed (e.g. Atkinson et al.
2004; Ducklow et al. 2007). Many populations of Adélie penguins at the northern
Antarctic Peninsula currently decline due to a loss of sea-ice and food availability
(Ducklow et al. 2007). In contrast, populations of Adélie penguins in the south-
ern part of the Antarctic Peninsula are generally stable or increasing as a result of
more moderate ice conditions (Carlini et al. 2009; Chwedorzewska and Korczak
2010; Forcada et al. 2006; Hinke et al. 2007; Lynch et al. 2008; Smith et al. 2003;
Trivelpiece and Fraser 1996; Woehler et al. 2001). Thus, the observed develop-
ment of the penguin population on Ardley Island coincides with the general trend
in the Antarctic Peninsula. Assuming the continuation of the present trend, the
extinction of the Adélie penguin population in the Fildes Peninsula is a possible
scenario. In contrast, the more sub-Antarctic gentoo penguins seem to benefit from
persistent sea ice reductions by an increase of their available niche (Forcada et al.
2006; Ducklow et al. 2007; Lynch et al. 2008).

A second important feature in this area is the rapid expansion of plant com-
munities and the colonisation of newly available land by both plants and animals
(Hughes and Convey 2010). The inadvertent introduction of non-indigenous or
alien organisms (plants, animals, microorganisms) represents a major, large-scale
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threat to Antarctic ecosystems. In addition, alien species may benefit from more
hospitable habitats caused by global warming, especially in the western Antarctic
Peninsula Region. A warmer climate will probably result in an increasing intro-
duction of alien species (Australia 2005), mainly caused by national programme
personnel travelling and working throughout Antarctica (SCAR 2010). Thus, due
to the high number of both station personnel and tourists, the Fildes Peninsula par-
ticularly is subject to a high risk of introduction of non-indigenous organisms.

In the future, the Fildes Peninsula will face further challenges from internal
pressures. On King George Island, in the presence of ten permanent and one sea-
sonal station and various field huts (COMNAP 2010), the ongoing logistical and
scientific cooperation and co-ordination has to be considerably improved to further
minimise environmental damage and to safeguard the scientific value of the area.
International panels like the Cross-Standing Scientific Group (SSG) King George
Island Science co-ordination Action Group (SCAR 2009a; see also http://www.
scar.org) should guarantee the co-ordination of all active researchers on this island,
providing information about their field work and promoting exchange of results
in order to minimise the adverse effects of duplication of research projects. In
particular, the increasing number of people working and staying in the area, con-
nected with the increasing area consumption (e.g. buildings, roads or scientific
field work) emphasises the importance of effective cooperation and co-ordina-
tion. Furthermore, future technological developments can help to reduce negative
impacts by providing less invasive scientific methods and more ‘gentle’ logistics.

In the Antarctic, scientific and touristic activities are closely related to sea-
borne and air-borne transport systems. With regard to the Fildes Peninsula, the
construction of a parking zone for large aircrafts next to the runway in 2004/2005
(Peter et al. 2008), and the installation of a Transponder Landing system in the
2009/2010 season, allow flight operations even under conditions of low visibility.
These technological advances will expectedly result in increasing flight activity in
the area, in particular tourist flights (Braun et al. 2012).

It is also assumed that ship traffic in the Antarctic, and around the Fildes
Peninsula in particular, will remain at high levels or continue to increase. The
implementation of the heavy fuel ban in the Antarctic by the International Maritime
Organization (IMO), in August 2011 (IMO 2010), will mainly affect large vessels
with more than 500 passengers, which usually do not head for the Fildes Peninsula.
Therefore, the ban will presumably not lead to a long-term reduction in the number
and frequency of ship traffic vessels approaching the Fildes Peninsula (Braun et
al. 2012). However, the combination of the airstrip with the planned construction
of docking facilities at two stations in the next few years (CAA 2007; La Estrella
2010) will facilitate easier passenger landings and cargo operations.

The establishment of more extensive facility zones, proposed by the NAPs and
currently discussed within the IWG Fildes, suggests a further increase of the total
area affected by station facilities and operations. As a consequence of the station
extensions, we expect a higher number of station personnel working in the Fildes
Peninsula resulting in additional human impacts due to science and leisure related
activities.
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Environmental damage of the Fildes Peninsula Region is more directly linked
with activities of NAPs and much less with tourism activities. Obviously, the exist-
ing formal protection measures (Protocol, ASPA, Historic Sites and Monuments)
are not sufficient in some areas to safeguard the existing values effectively. Proper
and consistent enforcement of these measures will provide a start. We further
argue that an effective management system should be implemented soon, other-
wise environmental impacts and habitat degradation will increase further and pos-
sibly contribute to extensive and irretrievable damage to the local ecosystem.

Altogether, the long-term efforts to implement a legally binding management
system for the Fildes Peninsula could be considered as preliminarily failed. So
far, the response of the Antarctic Treaty parties has been quite hesitant and the
development of alternative management systems has developed slowly. The envi-
ronmental situation in the Fildes Peninsula has the potential to become a famous
negative example for the treatment of the Antarctic environment by humans. The
main future challenge is to prevent this from coming true.

7.5 Conclusions

Our comprehensive assessment of human impacts in the Fildes Peninsula region
during six field seasons revealed increasing human pressure affecting the local
environment. This included increasing ship traffic, constant high-levels of air traf-
fic and prevailing frequent vehicle use beyond the existing road network. Despite
some improvements in station operations, various shortcomings in waste and sew-
age management as well as smaller oil contaminations and some larger oil spills
were documented. The extension of stations seems to be a conspicuous trend in
the Fildes Peninsula and has already led to extensive environmental impacts. A
wide variety of tourist and other visitor activities were described, but the leisure
behaviour of station personnel was observed to have a much stronger effect.

Lack of knowledge and awareness of the sensitivity of Antarctic ecosystems,
the values that need protection and the international obligations aiming to protect
it are presumably the main reasons for the depraved state of the environment in the
Fildes Peninsula region as presented in this chapter. Each year, visitors continue to
arrive at Fildes Peninsula without prior briefing of environmental vulnerability and
international obligations.

We authors believe that designating the Fildes Peninsula region as an ASMA is
an effective instrument for dealing with current and future challenges. The follow-
ing criteria are fulfilled in the region in order to be designated as an ASMA: high
level of human activity by several Antarctic Treaty parties, insufficient co-ordination
between the parties on site, doubled scientific work resulting in unnecessary envi-
ronmental impacts. Compared to voluntary and non-binding agreements, like bilat-
eral arrangements between parties on management zones or codes of conduct, the
ASMA presents the advantage that all regulations stated in the corresponding man-
agement plan are legally binding for all activities of parties, non-Treaty parties,
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tour operators, non-governmental organisations, independent people working in or
visiting the area. ASMAs have been successfully established in other parts of the
Antarctic with high levels of human activity (see Pertierra et al. 2013). The expe-
rience gathered during the establishment and implementation processes should be
used for the Fildes Region.
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Chapter 8

Historical Developments, Drivers of Change
and Future Scenarios for Human Activities
on Deception Island

Luis R. Pertierra, Pablo Tejedo and Javier Benayas

Abstract Deception Island is an active volcano with a flooded caldera and
numerous glaciers, providing a unique habitat to very rare biological assemblies.
Deception Island has a long history of human activity and is currently one of the
most visited locations in the Antarctic. Natural, scientific and tourism values coex-
ist in a small area. Some activities may interfere with others and can potentially
compromise the future conservation of the island and its unique values. Under the
Antarctic Treaty System (ATS), regulatory mechanisms have been developed to
provide different levels of protection to the island in order to minimise the inevi-
table environmental impacts and cumulative effects arising from existing human
activities. Six Treaty parties manage Deception Island collectively as Antarctic
Specially Managed Area (ASMA) No. 4 which has been identified as an exemplar
of strategic environmental management. However, under the ATS the success of
policies is highly dependent on the level of stakeholder acceptance. In this chapter,
through a review of the environmental impacts, regulatory mechanisms, current
trends and drivers for change we examine a range of possible management sce-
narios that combine different levels of environmental standards with varying like-
lihoods of stakeholder acceptance. Success of any of these policies will rely on
information provided by monitoring programmes.

Keywords Antarctic specially protected area ¢ Environment ¢ Management ¢
Conservation
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