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Antarctic terrestrial biodiversity is challenged by rapid climatic changes and expansion of the human footprint.
As well as the potential for environmental damage at the local level, these challenges are likely to act synergistically
to increase the risk of introduction and establishment of non-native species and diseases and reduce the resilience of
native ecosystems. The Protocol on Environmental Protection to the Antarctic Treaty (‘the Protocol’) entered into
force in 1998 and is the main governance mechanism that regulates environmental management in Antarctica.
We examine how well the Protocol and associated management tools are currently equipped to protect Antarctic
terrestrial biodiversity in a warmer and busier Antarctic, considering likely future challenges, current levels of
compliance with the Protocol and implementation of its requirements, and participation in environmental matters
by Antarctic Treaty Parties. We argue that a strategic-level response will be needed to boost the ability of the
Antarctic Treaty System to deal with the large-scale, pervasive challenges of climate change and increased human
activity. A strategic planning approach that can (1) account for trends over long periods, (2) take into consideration
cumulative effects, (3) be guided by a set of consciously chosen priorities, and (4) take an integrated approach
towards management of human activities and the conservation of the Antarctic environment, will permit the
anticipation of upcoming challenges and risks and adoption of proactive and holistic management strategies.

Keywords: activity footprint; human impact; protected area; strategic environmental assessment; terrestrial
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Introduction

Antarctica is the only continent not to have a long-

term history of human contact and inhabitation. The

continent was first landed upon only two centuries ago.

Most parts have been visited for the first time over the

last 50 to 100 years, while there are still some areas –

albeit diminishing in numbers and extent – which have

never been visited at all (Hughes et al. 2011). The first

half of the twentieth century saw the ‘heroic age’ of

exploration of the Antarctic continent. The

International Geophysical Year (IGY) of 1957–58

provided a major impetus for scientific research,

heralding year-round human presence and permanent

infrastructure on the continent (Headland 2009). This

activity has continued to grow and was further

enhanced through the International Polar Year of

2007–08. In the twenty-first century, science and its

associated logistics continue to be the human activity

that brings about the majority of infrastructure and

long-term human presence. Since the latter part of the

twentieth century, commercial tourism has been bring-

ing the largest number of people to the region annually

(Jabour 2009; Lynch et al. 2010).

The terrestrial environment of Antarctica is extre-
mely limited, with only 0.34% of the continent
currently free of snow or ice as exposed nunataks,
montane cliffs, slopes and scree and seasonally snow-
and ice-free areas. The continent is divided into two
biogeographical zones, the continental and maritime
Antarctic (Convey 2007), although recent and rapid
advances in biogeographical knowledge indicate that
considerably more regionalisation is required to prop-
erly describe Antarctic terrestrial biogeography
(Chown and Convey 2007; Pugh and Convey 2008;
Convey et al. 2008; Terauds et al. 2012). Visibly
developed and ‘island-like’ (Bergstrom and Chown
1999) ecosystems are largely but not completely limited
to coastal areas, particularly along the Antarctic
Peninsula and associated archipelagos (maritime
zone), and the ‘oases’ of the East Antarctic coastline
(continental zone). The McMurdo Dry Valleys of
southern Victoria Land are the only major exception,
occupying �40,000 km2 (see Figure 1 for the location
of regions within Antarctica mentioned throughout
the text).

The terrestrial biodiversity of the Antarctic conti-
nent is low, with low species richness, and many higher
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taxonomic groups missing completely. Many ecosys-
tem functions or services are represented poorly (low
redundancy) or not at all (Hogg et al. 2006; Convey
2007). The terrestrial fauna comprises invertebrates,
predominantly microarthropods, with only two
‘higher’ insect species present. Plant communities are
largely cryptogamic (mosses, liverworts, lichens), with
only two higher plants present that are restricted to the
Antarctic Peninsula. Large, and globally significant,
populations of seabirds and marine mammals breed on
the fringes of the continent.

There is considerable spatial and temporal overlap
between humans and wildlife in terrestrial Antarctica.
The large majority of research, logistic operations and
tourism takes place during the Antarctic summer in
coastal regions, partly due to ease of access. This is also

where marine mammals and seabirds come to breed
and/or moult, and where terrestrial vegetation takes
hold – themselves becoming foci of scientific or
tourism activities. Hence, while the absolute numbers
of visitors who land on the Antarctic continent are
small, the potential human impact is magnified by the
coincident concentration of human and biological
activities, leading to concerns that most of the impact
is occurring in the areas that can sustain it the least
(Jabour 2009; Cowan et al. 2011). This concentration is
emphasised by the fact that 55% of tourist landings in
the northern Antarctic Peninsula area take place at
only eight locations, most of which have received
nearly 10,000 tourists per season in recent years, and
two (Port Lockroy and Half Moon Island) up to
16,000 (Lynch et al. 2010). Similarly, in terms of

Figure 1. Overview map of Antarctica, indicating regions and locations mentioned throughout the text.
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numbers of personnel and/or numbers and density of
research stations, national scientific operations are
concentrated around the South Shetland Islands/
northern Antarctic Peninsula, and Ross Island (parti-
cularly McMurdo Station) in Victoria Land, with the
latter area accounting for approximately half of all
operator personnel in Antarctica.

Advances in technology and increased mobility of
the global human population have led to increases in
the volume and diversity of human activities in the
Antarctic over recent decades (Tin, Hemmings, and
Roura 2008; Tin et al. 2009). Antarctica’s isolation is
diminishing as the world’s interest in the region
continues to increase. Antarctica continues to be
important geopolitically, as national interests and
influence on the world political stage intermingle
with growing economic interests (Hemmings,
Rothwell, and Scott 2012). Increasing numbers of
tourists visit Antarctica as it becomes a destination on
the circuit of ‘last chance tourism’, as a natural and
wild place that must be seen before it disappears
forever (Lemelin, Dawson, and Stewart 2011). The
answers that Antarctica can contribute to urgent
global environmental questions, such as climate
change and sea-level rise, also make it a focus for
science and the attention of the world’s media.

Antarctic terrestrial ecosystems are thought to be
vulnerable to a range of human-induced environmental
impacts and changes, both directly as a result of
human actions within the region, and indirectly
through global processes such as climate change and
stratospheric ozone depletion. The actual and potential
effects of these have been the subject of a range of
thorough recent studies and reviews (e.g. Walther et al.
2002; Bargagli 2005; Frenot et al. 2005; Bergstrom,
Convey, and Huiskes 2006; Turner et al. 2009; Convey
et al. 2009; Kerry and Riddle 2009; Tin et al. 2009;
Hughes and Convey 2010, 2012; Convey 2011; Cowan
et al. 2011; Nielsen et al. 2011; Chown et al. 2012) and
will not be rehearsed here.

In this paper, we summarise the challenges that
increasing human activity and the expected effects of
climate change pose to the future conservation and
management of the terrestrial environment in
Antarctica, and explore some possible responses to
these challenges in the context of the existing
continental governance regime and potential
development of its systems.

A busier and warmer Antarctic

Based on historical data (Headland 2009) and current
operational data from the Council of Managers of
National Antarctic Programs (COMNAP 2012) and

the Antarctic Treaty Secretariat (ATS 2012a), approx-
imately 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 ca.
5400 people in the summer and 1100 people in the
winter (COMNAP 2012; ATS 2012a). Most stations
are located on or near the coast, and half on the
northern Antarctic Peninsula and associated archipel-
agos (Figure 2). On average, one to two new stations
have been built each year in the last two decades
(Figure 3a; COMNAP, 2012). Stations can develop
into logistic hubs for the deployment of field parties to
more remote locations (Hughes et al. 2011). Travel to
Antarctica has traditionally been by sea. Air transpor-
tation now significantly reduces travel time and facil-
itates travel to and within the region. One-day return
trips to research stations on the Antarctic Peninsula
are possible from South America, while day trip and
overnight tourist visits are also now offered from
Punta Arenas, Chile (Bastmeijer, Lamers, and Harcha
2008). Since 2000, new inter- and intra-continental
links have been developed from South Africa and
Australia, facilitating travel to and within Dronning
Maud Land and Wilkes Land.

In the Antarctic Treaty area, the chances of severe
pollution are generally regarded as low. However,
measures controlling pollution cannot entirely
eliminate the risk, and locally significant incidents
have occurred both in the context of land-based
infrastructure and operations, and of marine accidents
(Aislabie et al. 2004; Aronson et al. 2011). Apart from
the disease risks associated with the disposal of
untreated sewage, pollution generated at or near
research stations can accumulate in terrestrial ecosys-
tems as well as negatively impacting wildlife (Bargagli
2005; Kerry and Riddle 2009; Kennicutt et al. 2010).
Despite all precautions being recommended, human
presence inevitably will bring instances of major
accidents, exemplified by the long record of catastro-
phic fires on research stations – most recently on the
Brazilian Commandante Ferraz Station (South
Shetland Islands) in January 2012 – or of vessels
sinking with attendant risk of oil pollution; the risk of
such events can only increase with increased human
presence.

The majority of Antarctic tourism is ship-based
with more than 90% of tourists visiting Antarctica on
cruise vessels (Bertram and Stonehouse 2007), mostly
between November and March. Although a small
percentage of total Antarctic tourism, land-based
tourism development remains an area of concern,
primarily with respect to potential environmental
impact and search and rescue issues (Bastmeijer,
Lamers, and Harcha 2008; ASOC 2010).
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In the last 10 years, tourist numbers have nearly
quintupled (Figure 3b) and, for every 10 paying
passengers, there are a further six members of staff
and crew (IAATO 2009b). Jabour (2009) estimated
that, for the 2007–08 season, the tourism industry
represented a presence of more than 750,000 person-
days in the Antarctic Treaty area, or an equivalent of
more than 32,000 person-days ashore. By comparison,
the national Antarctic programmes represented a
presence of more than 700,000 person-days in the
Antarctic Treaty area, and an equivalent of more than
675,000 person-days ashore during the same season
(Jabour 2009). Most tourists visit the northern
Antarctic Peninsula and Scotia arc archipelagos, nor-
mally landing at a small number of well-known
locations in rapid succession. Landings are highly
concentrated at specific sites (Lynch et al. 2010).
Global recession appears to have temporarily damp-
ened tourist numbers (IAATO 2009c, 2010).
Concurrently, the recent decision of the International
Maritime Organization (IMO) to ban the use and

carriage of heavy fuel oil on vessels operating in
Antarctic waters, which came into effect in 2011
(IMO), has resulted in fewer large cruise-only (500þ
passengers) and mid-size (201–500 passengers) vessels
operating in Antarctica. Stakeholders see growth as
generally inevitable, and increase in the rate of growth
and continued diversification of tourism activities to be
most plausible (Haase et al. 2007; IAATO 2009c, 2010;
Lamers, Amelung, and Stel 2010).

Since the 1950s, significant warming has occurred
across the Antarctic Peninsula and to a lesser extent
West Antarctica, with little change across the rest of
the continent (Convey et al. 2009; Turner et al. 2009).
The increased availability of liquid water and higher
temperatures are thought to be the factors with the
greatest biological importance (Convey 2011), already
leading to local expansion in the distribution of plants
in the Peninsula region. Looking forward into the
twenty-first century, climate models project that sig-
nificant surface warming will start to occur over the
bulk of the Antarctic continent, together with increases

Figure 2. Partial picture of the current human footprint on the Antarctic continent, including locations of stations (in use and
disused), refuges, science apparatus, historic sites and land-based tourism facilities. Data markers are not to scale. Data sources:
Headland (2009), COMNAP (2012), ATS (2012a) and subsequent links to websites of National Antarctic Programs, ATS
(2012b), IAATO (2012), University of Wisconsin-Madison (2012), Adventure Network International, SCAR Antarctic Digital
Database.
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in precipitation. The resultant consequences for bio-
logical dynamics will be complex. However, high
amongst future scenarios is the likelihood of invasion
by more competitive non-native species, as warmer
temperatures and increased human visitation combine
to make it easier for non-native species to colonise
(Frenot et al. 2005; Chown et al. 2012; Hughes and
Convey 2012).

Regulatory framework for conservation and

management in Antarctica

The primary international legislation concerning
Antarctica is the Antarctic Treaty, which was signed

in 1959, came into force in 1961, and applies to the
area south of 60oS latitude. The Treaty currently has
28 Consultative Parties which participate in decision
making, and 22 Non-Consultative Parties. It places
pre-existing national territorial claims in the region in
abeyance, and prohibits military activity, nuclear
explosions and the disposal of radioactive waste
material, whilst promoting international cooperation
in scientific investigation in Antarctica and
recommending measures for the ‘preservation and
conservation of living resources in Antarctica’ [Article
IX, para 1 (f)]. Parties meet annually at the Antarctic
Treaty Consultative Meeting (ATCM) to discuss the
implementation of the agreements that are in force and
to consider additional regulatory measures. While the

Shipborne passengers in Antarctica, 1957-2011
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Figure 3. (a) Cumulative number of stations, camps and refuges constructed in the Antarctic Treaty Area (includes active and
disused infrastructure; based on historical data (Headland, 2009) and operational data (COMNAP, 2012; ATS, 2012a)).
Cumulative peak simultaneous capacity of stations, camps and refuges that are currently active (data: COMNAP 2012, ATS
2012a). Numbers shown in figure probably represent lower-bound estimates as capacity data are not available for all facilities
and each location with multiple facilities is only counted once. (b) Number of ship-borne passengers participating in commercial
tourism operations in Antarctica between 1957 and 2011. Data sources: 1957–58 to 1991–92, Enzenbacher (1992, 1993); 1992–93
to 2010–11, IAATO (2011).
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Antarctic Treaty provides the framework, the

Consultative Parties implement its agreements via

national laws (Kriwoken and Rootes 2000). Due to

this, differences of interpretation can arise from

different methods of enforcement and compliance in

the various nations.
Since 1959, the Antarctic Treaty has expanded into

the Antarctic Treaty System (ATS) which includes

other legal instruments designed specifically for the

protection and management of Antarctic biota. These

include the Agreed Measures for the Conservation of

Antarctic Flora and Fauna (1964). However, this has

largely been subsumed into the Protocol on

Environmental Protection to the Antarctic Treaty

(hereafter ‘the Protocol’), which is now the instrument

most concerned with conservation of terrestrial biota

and ecosystems within the Antarctic Treaty area. This

was signed in 1991 and entered into force in 1998. In

effect, the Protocol assigns to the entire Antarctic

Treaty area a degree of special conservation. By

acceding to the Protocol, Parties agree to designate

Antarctica as a natural reserve, devoted to peace and

science [Article 2 -Objective and designation]. 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 aes-

thetic values and its value as an area for the conduct of

scientific research, in particular research essential to

understanding the global environment, shall be funda-

mental considerations in the planning and conduct of all

activities in the Antarctic Treaty area’ [Article 3(1)].
The Protocol established the Committee for

Environmental Protection (CEP) as an expert body

that meets annually to provide advice and formulate

recommendations to the ATCM. Three of the six

annexes of the Protocol (Annex I: Environmental

Impact Assessment; Annex II: Conservation of

Antarctic Fauna and Flora; and Annex V: Area

Protection and Management) contain measures

directly relevant for environmental protection and the

conservation of Antarctica’s biota.
Annex I states that all activities within the Treaty

Area should be subject to an environmental impact

assessment (EIA) unless the impact is less than minor

or transitory. EIAs are essential for all planned

activities, including those that may impact native

biota. Activities resulting in greater than minor or

transitory impacts are further subject to a comprehen-

sive environmental evaluation (CEE), which also

require the ongoing monitoring of key environmental

indicators. The nation proposing the activity decides

upon the likely level of environmental impact and

consequently the level of EIA required.

Under Annex II, harmful interference with native
flora and fauna is prohibited, except in accordance
with a permit, which may be granted by national
authorities to provide specimens for scientific research
purposes/educational institutions and for the construc-
tion and operation of scientific support facilities.
Article 4 contains measures relevant to the introduc-
tion of non-native species, diseases and parasites. The
intentional introduction of non-native plants and
animals to land, ice shelves or into water within the
Antarctic Treaty area is prohibited unless for a defined
scientific purpose and in accordance with a permit.
However, there is little explicit reference to the
unintentional introduction of non-native species,
other than stating that any non-native species intro-
duced without a permit ‘shall be removed or disposed of
whenever feasible, unless the removal or disposal would
result in a greater adverse environmental impact.. . . In
addition, all reasonable steps shall be taken to control
the consequence of that introduction to avoid harm to
native flora and fauna’ [Article 4(5)]. Parties are also
required to take precautions to prevent accidental
introductions of microorganisms, ensure that poultry
imported for food is free of disease and is disposed of
in a manner that eliminates risk to native flora and
fauna, and avoid the importation of non-sterile soil to
the maximum extent possible. Article 3(3c) urges that
Parties shall take steps to minimise the risk of non-
native introductions and shall limit activities to ensure
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
areas be maintained’. However, human-mediated bio-
logical transfer from one Antarctic region to another
may present a greater risk to the preservation of the
region’s isolated and unique ecosystems in their natural
states than the introduction of species from outside
Antarctica (Convey et al. 2000; Chown and Convey
2007; Convey 2008; Hughes and Convey 2010; Terauds
et al. 2012), and this issue is not addressed directly by
the Protocol.

Currently, under Annex V, there are 71 Antarctic
Specially Protected Areas (ASPAs) and seven
Antarctic Specially Managed Areas (ASMAs) desig-
nated. An area of Antarctica may be designated an
ASPA to protect outstanding environmental, scientific,
historic, aesthetic or wilderness values, any combina-
tion of those values, or ongoing or planned scientific
research. ASMAs may be designated in an area where
multiple activities are being conducted or may be
conducted in the future, to assist in planning and
coordination, avoid possible conflicts, improve coop-
eration between Parties or minimise environmental
impacts. Many ASPAs have been designated to protect
either areas of exceptional importance for science or to
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preserve unique natural ecological systems such as bird
or seal colonies or biologically-rich terrestrial commu-
nities. However, the process of designation has to date
employed neither objective nor systematic approaches
to identifying a representative suite of locations, with
the result that the existing ASPA network provides a
very skewed representation both in spatial terms and
relative to more complex biogeographic or ‘environ-
mental domains’ analyses (Morgan et al. 2007; Hughes
and Convey 2010; Terauds et al. 2012).

A number of other international environmental
agreements of global or regional scope are relevant to
the Antarctic Treaty area (Bastmeijer 2003). Of most
relevance to terrestrial diversity is the Convention on
Biological Diversity (CBD). However, while Antarctic
Treaty Parties have agreed to the importance of
ensuring proper coordination with such global envi-
ronmental agreements (ATCM 1994), the Treaty itself
precludes the application of the CBD, as land within
the Antarctic Treaty area is not considered as sover-
eign territory. In reality, the degree of coordination
with other international agreements varies, and is
particularly sensitive to sovereignty issues and the
prerogatives of the ATS (Guyomard 2010).

Finally, a range of non-binding guidelines and
codes of conduct has been developed to aid with
management of different human activities and/or
specific locations. The CEP has developed various
guidelines for Antarctic Treaty Parties to reduce
human impacts, although many of the guidelines on
the practical implementation of Treaty-derived legisla-
tion have been developed by individual nations and
applied only to their own operations. As a result,
standards of environmental practice are not consistent
across the national operations within the Treaty area.
The Scientific Committee on Antarctic Research
(SCAR) has developed codes of conduct, for instance,
for land-based scientific field research and the entry
into and exploration of sub-glacial lakes. Codes of
conduct have also been developed as part of the
management plans of ASMAs such as the McMurdo
Dry Valleys and Deception Island, and COMNAP/
SCAR have provided a Checklist for Supply Chain
Managers.

The regulation and management of tourism activ-
ities rely heavily on the development of general
industry and site-specific guidelines by the
International Association of Antarctica Tour
Operators (IAATO), partly in consultation with the
Antarctic Treaty Parties. General industry guidelines
include visitor codes of conduct (IAATO 2007a),
restrictions to no more than 100 passengers ashore at
any one time (IAATO 2009a), minimum approach
distances for wildlife and quarantine guidelines to
reduce the risks of introduction of disease and

non-native species (IAATO 2007b). Site-specific guide-

lines are now in place at 32 of the most visited locations

on the Antarctic continent, to manage impacts to

wildlife and historic sites and artefacts (ATCM 2010).

They have been adopted under ATCM resolutions by
consensus, although these are not legally binding on

the Parties.

Compliance and engagement

All of these factors make the collective and effective
governance of Antarctica a challenge, both now and in

the future. The investment of time and expertise needed

to manage Antarctica is not divided equally between

all Parties. Using the number of papers submitted to

the CEP as a proxy for engagement in the environ-
mental management of Antarctica, it is clear that a

small number of nations undertake the bulk of the

work by leading the discussions (the United Kingdom,

New Zealand, Australia and the United States). These
nations are amongst the original signatory nations of

the Antarctic Treaty, and have substantial territorial

claims in abeyance and/or large current operations and

operational footprints. Some other Parties may have

good environmental practices, while being less engaged
in the CEP processes, but in general many Parties

contribute little of substance, at best following the lead

of the more active Parties. Both individual Parties and

the CEP are aided by information contained in advice
from the expert observer bodies of SCAR (as the

interdisciplinary scientific body that provides indepen-

dent scientific advice to the ATCM) and the Antarctic

and Southern Ocean Coalition (ASOC; representative

of environmental non-governmental organisations at
the ATS) (Figure 4). Many Treaty Parties, both

amongst the original signatory nations and more

recent accedents, have yet to engage with the develop-

ment of environmental management policy and initia-
tives through the CEP.

This lack of engagement is unhelpful, as the

implementation of the policies and guidelines of the

CEP may not be given priority by Parties who were not

actively involved in their development. Add to this, the
outputs of the CEP (and all the ATCM’s Measures,

Decisions and Resolutions) must be agreed by consen-

sus. If Parties are not actively engaged, they may not

see the benefits, or agree to, the implementation of
high environmental standards within the Treaty area.

Currently, the CEP can be slow to make progress on

issues and, when decisions are finally made, their

effectiveness may be limited and environmental stan-

dards may be minimal, as meaningful advancement on
issues is often stifled by the necessity to take into
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consideration the requirements and perspectives of all
Consultative Parties.

To a large degree, the implementation and policing
of environmental work undertaken by CEP, and given
legal status through agreement by the ATCM, is the
responsibility of individual Parties. In effect, each
party is (i) responsible for the activities of its own
nationals and National Antarctic Programme, and (ii)
ensuring that the minimum standards of the Protocol
are adhered to. While many Parties go to great efforts
to ensure compliance with the Protocol, and may even
implement higher environmental standards than nor-
mally required in their own country, some Parties are
less stringent (e.g. Connor 2008). While some breaches
of the Protocol are due to the actions of individuals, in
other cases significant environmental damage has been
caused by inadequate management on stations and
poor education of personnel on environmental issues.
This has resulted in illegal waste disposal practices,
uncontrolled oil spills, disturbance of wildlife, intro-
duction of non-native species (including, for example,
as pets or potted plants), destruction of vegetation and
unpermitted entry to ASPAs (Braun et al. 2012).
Under the mechanisms of the ATS, international
inspection teams may visit stations to report on their

environmental and operational practices (Giuliani
1996), but often these visits last only a few hours and
may be choreographed by the station management to
show the station in its best light which, along with a
reluctance of Parties to criticise each other (Hughes
2010), puts their value in question.

The level of Party engagement in the work of the
CEP is influenced by international politics and
resourcing at a national level. However, Antarctic
environmental protection is not served well by the
skewed and constrained distribution of the CEP
workload. It will be an on-going challenge for those
Parties who currently drive Antarctic environmental
policy to engage and encourage other less active
Parties, so that all may contribute and feel part of
the protection of Antarctica’s environmental, scientific,
historical, wilderness and aesthetic values.

Development of environmental management

strategies

The ATS provides the framework for the conservation
and management of native flora, fauna and ecosystems
in Antarctica. Many successful measures have been put

Figure 4. Total number of Working Papers and Information Papers submitted to the Antarctic Treaty Consultative Meeting
(ATCM) Committee for Environmental Protection (CEP) between 1998 and 2010. Papers submitted by the 28 Antarctic Treaty
Consultative Parties, the Scientific Committee on Antarctic Research (SCAR), the Council of Managers of National Antarctic
Programs (COMNAP), the Commission on the Conservation of Antarctic Marine Living Resources (CCAMLR), the Antarctic
and Southern Ocean Coalition (ASOC) and the International Association of Antarctica Tour Operators (IAATO) are shown
(data sourced from: http://www.ats.aq/devAS/ats_meetings.aspx?lang=e).
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in place to reduce the impacts of local human activities.
Human activity in the Antarctic is presently following
a course of sustained growth and diversification, which
is likely to bring new and amplify pre-existing chal-
lenges to the environmental management of the region.

The continual improvement and implementation of
existing environmental management tools are para-
mount. The entry into force of the Environmental
Protocol and its requirement for EIAs has been
credited for having reduced the impacts of proposed
new construction activities on Antarctic ecosystems.
However, concerns have also been highlighted over the
implementation of the EIA provisions as well as their
limitations. Not one EIA appears to have led to
substantial modification of the activity as first elabo-
rated by the proponent, let alone a decision not to
proceed with the activity (Hemmings and Kriwoken
2010). Despite a structure that demands international
scrutiny and consensus amongst all Consultative
Parties, the final decisions on whether and how
activities subjected to EIA should proceed are taken
entirely at the national level – and with national
interests in mind (Bastmeijer and Roura 2007). A
discussion of this and other systemic limitations of the
ATS and geopolitics lies beyond the scope of this paper
but they are pointed out here due to their pervasiveness
and the profound effects they can have on any efforts
directed towards the conservation of Antarctic
ecosystems.

The EIA requirement is the primary gatekeeper
that decides whether an activity should be allowed to
proceed in Antarctica, and if so in what form. At the
national level, the permitting process required for all
operator activities in Antarctica also provides control.
The effective use of the EIA process is central to the
minimisation of impacts of all human activities. The
EIA system therefore needs to evolve to keep up with
the rapid changes that are taking place in the twenty-
first century. The current EIA process was developed
primarily with reference to national programme activ-
ities, often land-based and at a fixed point, and is not
easily adapted to commercial tourism operations
moving large numbers of people over the sea, with
brief and concentrated visits on land (Hemmings and
Roura 2003). Technological advances in the types of
activities that can be supported by most operators also
challenge the current EIA system (e.g. Hemmings and
Kriwoken 2010). Regardless of the type of environ-
mental assessment that is used, systems need to be
place in order that the effectiveness of the environ-
mental assessment can be evaluated. At present, the
impacts predicted in Antarctic EIAs and the effective-
ness of any proposed mitigation measures are rarely
verified, running the risk of making the EIA
process appear to be a purely administrative exercise

(Tin et al. 2009). Furthermore, despite the fact that

environmental monitoring is a legal obligation under

the ATS, there remains a critical lack of investment in

and coordination of monitoring activities in Antarctica

(Hughes 2010; Wall et al. 2011). Scientifically-based

monitoring can provide important information to

inform environmental management decisions and

allow the effectiveness of policies to be assessed (see

Figure 5). However, it is under-employed in Antarctic

environmental management.
In order for environmental management tools to

function optimally, detailed spatial and temporal

information on the physical and biological environ-

ments and human activities in the region is a basic

element. Some progress in making such information

available has been made with the environmental

domains analysis (EDA) conducted by New Zealand

under the auspices of the CEP. The EDA identified

different physical terrestrial environments within the

Antarctic continent using criteria such as air temper-

ature, solar influx, geology and topography (Morgan

et al. 2007). More recently, Terauds et al. (2012) have

attempted to map known terrestrial biodiversity on to

the EDA, generating both a useful and new overview

and highlighting many continuing gaps in knowledge.

The extent of tourism activities are accurately docu-

mented and made publicly available by IAATO

(www.iaato.org). In contrast, current and historic

information on national programme activities and

their footprints is generally inaccessible, despite such

information exchange being an obligation under the

Antarctic Treaty.
The presence of humans in Antarctica is inevitably

accompanied by environmental impacts (Bargagli

2005; Jabour 2009). How human activities are to be

managed cannot be decided in a reactive manner as

and when challenges arise, rather needing to be

grounded in a considered way in a possible and

desirable future, or vision, of Antarctica. Such a

strategic planning approach should (1) integrate

trends over long periods of time, (2) account for

cumulative effects from past, present and future

activities, (3) be guided by a set of consciously

chosen priorities, and (4) take an integrated approach.

This will allow for the anticipation of upcoming

challenges and risks and provide the opportunity for

proactive management. As applied to the Antarctic,

major elements of such a vision would include:

. defining the overall footprint of human activ-

ities, including factors such as the numbers

and locations of stations and infrastructure

and access to hitherto rarely visited regions

(United Kingdom, Australia, and France
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2006a, 2006b; Jabour 2009; Australia 2010;

New Zealand 2010; United Kingdom 2010);
. the extent to which biological redistribution in

Antarctica can and should be minimised, and

how much time and resource the Antarctic

community is willing to dedicate to reducing

the rate at which unique biological assem-

blages are compromised and eventually lost

(Hughes and Convey 2010);
. the volume, geographic and seasonal limits

and diversity of tourism activities (United

Kingdom 2009) and the desirability of

large-scale tourism activities on Antarctic

soil (Chile 2009);
. weighing the value of Antarctica for science

and education against the inevitable environ-

mental impacts of human presence in the

region (Bargagli 2005).

In 2006, the CEP went through an exercise of

strategic planning and identifying future environmen-

tal challenges in Antarctica, resulting in a five-year

work plan that is updated annually and is used to aid

identification of priorities (United Kingdom,

Australia, and France 2006a; ATCM 2009).
However, a longer-term strategic vision (over the
next 15 years) was not completed during this exercise.
A multi-year strategic work plan appeared on the
agenda of the ATCM for the first time in 2010,
although this did not involve discussion of strategic
visions of Antarctica. In 2008, the ATCM began a
process of developing an ‘aspirational and non-
mandatory’ strategic vision of Antarctic tourism
(ATCM 2008), addressing general principles for the
overall development of tourism in Antarctica and,
more specifically, the volume and form of tourism over
the next decade (United Kingdom 2008), although not
extending to considering the geographic spread of
tourism or total number of tourists visiting the
Antarctic (United Kingdom 2009). In general,
medium to long-term considerations as well as regional
and continent-wide discussions are still missing from
CEP and ATCM deliberations.

Worldwide, many countries are adopting strategic
environmental assessment (SEA) as a process for
addressing the environmental effects of policies, plans
and programmes (Dalal-Clayton and Sadler 2005).
SEA has been proposed as a potential tool for meeting

Figure 5. The environmental domains analysis (Morgan et al. 2007) divided Antarctica into regions based on physical
parameters (blue box), while recent work by Terauds et al. (2012), has taken this work and added information on biogeography
(green box). For those responsible for management and governance in Antarctica (red circle), a key element that is missing is
detailed and ongoing spatial information on the distribution of past and present human activities (yellow box). Such information
would help inform a strategic environmental assessment for the continent as a whole.
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the objectives of the Protocol, assessing the impacts of
Antarctic tourism and cumulative impacts of human
activities generally (Kriwoken and Rootes 2000;
Hemmings and Roura 2003; Roura and Hemmings
2011) and of sub-glacial lake research (SALE GOS
2001). SEA and project-level EIA are based on the
same principles and have similar ultimate objectives
and functions but differ in scale and timing. SEA
comes before and above project-level EIA. The pur-
pose of SEA is to determine what activities may take
place in the context of a strategic plan, leaving EIA to
resolve how activities should take place in order to
minimise environmental impact (ASOC 2002). SEA
affects the decision-making process at a stage where
more alternatives are available for consideration. It
allows for better consideration of larger areas and
longer time periods and can deal with a wider range of
cumulative and synergistic impacts of multiple projects
than can be handled on a project-by-project basis
(Therivel and Ross 2007; Therivel 2010). However,
although ‘consideration of the application of SEA in
the Antarctic’ has appeared annually on the CEP’s
five-year work plan since 2007, no SEA has yet been
conducted.

The system of Antarctic Specially Protected Areas
provides the primary mechanism of spatial area
protection at present under the ATS, in part perform-
ing the function of the various types of ‘national parks’
or ‘reserves’ commonly designated in areas under
national sovereignty. Currently, the total area of
ASPAs is about 3031 km2, covering 0.011%
(1499 km2) of the non-marine portion of the
Antarctic Treaty area, which equates to less than 4%
of the ice-free ground available. ASPA distribution is
not representative of all the environmental values
protected under the Protocol (New Zealand 2005,
2009). With current levels of biodiversity knowledge
being imperfect, comprehensive surveys of large areas
of Antarctica are still needed to move this process
forward (Terauds et al. 2012). However, while insuf-
ficient data may lead to imperfect conservation deci-
sions, if too much time is spent collecting data before
making decisions we may also stand to miss opportu-
nities for biodiversity protection (Grantham et al.
2009; United Kingdom 2010).

The ‘precautionary principle’ calls for a manage-
ment approach that ensures that uncertainties about
the impacts of an activity are weighed in the decision-
making process. Complete certainty regarding an
environmental harm should not be a prerequisite for
taking action to avert it (Cooney and Dickson 2005).
ASOC (2001) has argued that the Protocol is precau-
tionary in spirit and intent. Scott (2001) contended that
the application of the precautionary principle has been
‘extreme’ on the issue of mining in Antarctica while

Antarctic tourism has been covered by only a very
weak application. Many studies on the interactions
between humans and Antarctic and sub-Antarctic
wildlife already advocate the application of the pre-
cautionary principle with regard to the management
and the regulation of visitor numbers and proximity to
colonies (e.g. Holmes, Giese, and Kriwoken 2008;
Trathan et al. 2008; Wheeler, de Villiers, and Majiedt
2008). With this background, we consider that the
application of the precautionary principle is appropri-
ate and necessary.

Conclusions

The Antarctic remains a region that is still relatively
pristine, with few direct human impacts compared to
the rest of the world. This is partly due to its
remoteness and isolation but also to the foresight of
the ATS. As a result, we have inherited a region that
holds a great deal of interest for scientific enquiries for
local, regional, as well as global phenomena. It is a
natural reserve, a sanctuary; to some people, it is the
last great wilderness and a source of inspiration; it is
one of the last terra incognita in a world where wild
places, natural biological diversity and the mystery of
the unknown are rapidly diminishing.

In the twenty-first century, globalisation, advances
in technology and increased mobility of the global
population are likely to amplify existing trends of
intensification and diversification of human activities
in Antarctica. The signatory nations of the ATS have
committed to managing this region along the principle
of a natural reserve, and the wording of the Antarctic
Treaty itself sets a high bar requiring those working in
and visiting the region to protect and preserve the
Antarctic environment for the benefit of humankind.
The question remains as to whether the administrative
and political regimes in the region have the ability and
the will to keep up with the rapid changes that are
taking place regionally and globally. The ATS makes
decisions through diplomatic consensus. This has the
advantage of a higher likelihood of compliance and
implementation once decisions are made, counteracted
by a decision-making system that may lack fluidity and
responsiveness and be eclipsed by national interests.
How the administrative and political regimes govern-
ing the region evolve will have a significant bearing on
the environmental conservation of the southern polar
region into the first half of the twenty-first century and
beyond.

Such evolution must be guided by a strategic vision,
allowing for the anticipation of upcoming challenges
and risks and ensuring that management decisions are
guided by clear knowledge of past and future trends
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and a set of consciously chosen priorities. More than
five decades have passed since the signing of the
Antarctic Treaty, and more than two centuries have
gone by since humans first arrived in the region.
Foresight and strategic vision are now even more
necessary in order to be able to pass on to future
generations a southern polar region that is as
exceptional as the one that we inherited.
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