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The Antarctic has signiﬁcant environmental, scientiﬁc, historic, and intrinsic values, all of which are worth protecting into the future. Nevertheless, the area is subject to an increasing level and diversity of human activities that
may impact these values within marine, terrestrial and cryosphere environments. Threats to the Antarctic environment, and to the aforementioned values, include climate change, pollution, habitat destruction, wildlife
disturbance and non-native species introductions. Over time, a suite of legally binding international agreements,
which form part of the Antarctic Treaty System (ATS), has been established to help safeguard the Antarctic environment and provide a framework for addressing the challenges arising from these threats. Foremost among
these agreements are the Protocol on Environmental Protection to the Antarctic Treaty and the Convention on the
Conservation of Antarctic Marine Living Resources. Many scientists working in Antarctica undertake research that
is relevant to Antarctic environmental policy development. More eﬀective two-way interaction between scientists
and those responsible for policy development would further strengthen the governance framework, including by
(a) better communication of policy makers’ priorities and identiﬁcation of related science requirements and (b)
better provision by scientists of ‘policy-ready’ information on existing priorities, emerging issues and scientiﬁc/
technological advances relevant to environmental protection. The Scientiﬁc Committee on Antarctic Research
(SCAR) has a long and successful record of summarizing policy-relevant scientiﬁc knowledge to policy makers,
such as through its Group of Specialists on Environmental Aﬀairs and Conservation (GOSEAC) up to 2002, currently the SCAR Standing Committee on the Antarctic Treaty System (SCATS) and recently through its involvement
in the Antarctic Environments Portal. Improvements to science-policy communication mechanisms, combined with
purposeful consideration of funding opportunities for policy-relevant science, would greatly enhance international
policy development and protection of the Antarctic environment.

1. Introduction

(including wilderness and aesthetic) values are protected. In June 2016,
at the 39th Antarctic Treaty Consultative Meeting (ATCM), Parties reaﬃrmed their strong and unwavering commitment to the Protocol as
the international framework for comprehensively protecting the
Antarctic environment, through the ‘Declaration on the Twenty Fifth
Anniversary of the signing of the Protocol on Environmental Protection to the
Antarctic Treaty’ (Chile, 2016). Notably, the Declaration reaﬃrmed the
importance of drawing upon the best available scientiﬁc advice for

The fourth of October 2016 marked the 25th anniversary of the
agreement of the Protocol on Environmental Protection to the Antarctic
Treaty, which was signed in 1991 in Madrid and entered into force in
1998. The Protocol designates Antarctica as a natural reserve for peace
and science (Article 2) and is the international agreement through
which the Antarctic’s environmental, scientiﬁc, historical and intrinsic
⁎
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Fig. 1. Map of the Antarctic region, showing the Antarctic Treaty and CAMLR Convention areas.

many of the principles discussed are likely to be generally applicable.
SCAR and the Commission for the Conservation of Antarctic Marine
Living Resources (CCAMLR) also have a history of cooperation. Discussions are ongoing within CCAMLR about further opportunities for
the Scientiﬁc Committee for the Conservation of Antarctic Marine
Living Resources (SC-CAMLR) and CCAMLR to draw on policy-ready
research outcomes made available via SCAR. To date much of SCAR
advice has been provided via submissions to SC-CAMLR. Enhanced
collaboration between the CEP and SC-CAMLR in recent years, including through two joint workshops (e.g., see Grant and Penhale,
2016), has identiﬁed several issues of mutual interest and a suite of
shared science needs. Both the CEP and SC-CAMLR have recognised
that closer engagement with SCAR will be helpful to further understand
and address the implications of climate change for the protection and
conservation of the Antarctic region (ATS, 2016; Constable, 2016; SCCAMLR, 2016).

Antarctica’s management and protection.
Over several decades of environmental research, scientists have
documented the sensitivity and vulnerability of the Antarctic and
Southern Ocean to human impacts (Tin et al., 2009; Chown et al.,
2012a,b) and to global environmental change (Constable et al., 2014;
Turner et al., 2014). Scientists are increasingly willing to undertake
policy-oriented research to help policy makers manage the region, but it
may not be clear to the wider scientiﬁc community how best to achieve
this.
To mark the Protocol’s anniversary, a mini-symposium entitled
‘Linking Antarctic Science with Environmental Protection: celebrating the
25th Anniversary of the Madrid Protocol’ was held on 23 August 2016
during the Scientiﬁc Committee on Antarctic Research (SCAR) Open
Science Conference in Kuala Lumpur, Malaysia. The mini-symposium
facilitated presentations and discussion on the role that Antarctic scientists and SCAR can have in informing policy development in support
of the objectives and principles of the Protocol (Hughes et al., 2016a).
This paper builds upon this theme and aims to communicate the opportunities and challenges for eﬀective science-policy communication
in the context of Antarctic environmental protection. In particular, this
paper explores the links between Antarctic scientists and SCAR, and
policy development by the ATCM and Committee for Environmental
Protection (CEP) to advance the objectives of the Protocol, although

2. The need for environmental protection in Antarctica
Antarctica is a remote continent with an area of c. 14 million km², of
which only c. 0.18% is ice-free (Burton-Johnson et al., 2016) (Fig. 1).
The surrounding Southern Ocean contains a wide diversity and abundance of marine species (De Broyer et al., 2014), and the continent
87
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territorial claims are held in abeyance, testing of nuclear weapons is
prohibited and Parties are guaranteed freedom of access to the continent. Initially signed by 12 states, the number of Parties has grown to
53 (as of 2018), representing c. 65% of the world population (see
Table 1).
Subsequently, further legal agreements and associated policy bodies
were developed that, together with the Antarctic Treaty, constitute the
Antarctic Treaty System (ATS) (Saul and Stephens, 2015). These
agreements formally expanded the international objectives for the region to include the protection and conservation of the Antarctic environment. In relation to marine systems, the Convention for the Conservation of Antarctic Seals (CCAS, signed in 1972, entered into force
1978) was established originally to regulate commercial sealing activities, but with no commercial sealing activities in the Treaty area, and
with additional protection given to all native seals under the Protocol
on Environmental Protection to the Antarctic Treaty (also known as the
Environmental Protocol or the Madrid Protocol), it now requires little
active engagement from Parties. In contrast, signiﬁcant international
activity is undertaken under auspices of the Convention on the Conservation of Antarctic Marine Living Resources (CAMLR Convention,
entering into force in 1982). The CAMLR Convention aims to conserve
Antarctic marine ecosystems; harvesting can only be undertaken in a
sustainable manner consistent with the Convention’s overarching conservation objective. The Convention established a Scientiﬁc Committee
(SC-CAMLR) which provides the best available scientiﬁc basis to inform
and develop measures to conserve Antarctic marine living resources
(e.g. by setting harvesting levels) and to address other management
issues faced by the CAMLR Commission (CCAMLR).
The most recent major component of the ATS to be agreed was the
Protocol on Environmental Protection to the Antarctic Treaty. The
Protocol was developed after the Convention on the Regulation of
Antarctic Mineral Resource Activities (Wellington Convention) failed to
be ratiﬁed by all the Consultative Parties, and marked a stronger emphasis by the Treaty Parties on protection and conservation of the
Antarctic environment. The Protocol was designed to address the particular environmental concerns and management challenges of the
Antarctic region and sets out principles and standards for environmental protection. It designates Antarctica as a ‘natural reserve, devoted
to peace and science’ (Article 2), and requires that protection of the
Antarctic environment and its value as an area for conducting scientiﬁc
research shall be fundamental considerations in the planning and
conduct of all activities in the Antarctic Treaty area (Article 3). Another
key provision within the Protocol, with direct beneﬁts for the Antarctic
environment, is the indeﬁnite prohibition of any activity relating to
mineral resource activities, other than scientiﬁc research, within the
Treaty area (Article 7). In addition, the Protocol has six annexes that
establish important requirements for the environmental management of
activities conducted in Antarctica (see Table 2). They relate to (i)
procedures and requirements for the prior environmental impact assessment of all proposed activities (ii) conservation of Antarctic fauna
and ﬂora, (iii) waste disposal and waste management, (iv) prevention of
marine pollution, (v) area protection and management, and (vi) liability arising from environmental emergencies (the annex on liability was
adopted in 2005, but has not yet entered into force).
The Protocol also established the CEP to provide advice and formulate recommendations to the Parties of the ATCM in connection with
the implementation of the Protocol, including (but not limited to) advice on: (a) means of minimising or mitigating environmental impacts
of activities in the Antarctic Treaty area, (b) the collection, archiving,
exchange and evaluation of information related to environmental protection; (c) the state of the Antarctic environment, and (d) the need for
scientiﬁc research, including environment monitoring, related to the
implementation of the Protocol. There are currently 40 Parties to the
Protocol (see Table 1), which are entitled to be members of the CEP.
The Parties comprise all 29 Consultative Parties to the Antarctic Treaty
(those Parties that have demonstrated their interest in Antarctica by

provides breeding areas for bird and marine mammal species and
contains signiﬁcant biodiversity, distributed across 16 recognised icefree bioregions (Terauds et al., 2012; Chown et al., 2015; Terauds and
Lee, 2016). Antarctica has an irrefutable intrinsic value as one of the
Earth’s least visited and least understood continents. Additionally,
Antarctic environments have substantial scientiﬁc value, with a wealth
of scientiﬁc information produced each year on aspects of Antarctica
relevant to the life, earth and physical sciences (Kennicutt et al., 2015).
Furthermore, Antarctica oﬀers unique opportunities for scientiﬁc
monitoring of and research on processes of global as well as regional
importance, a tradition dating back to the International Geophysical
Year (IGY) of 1957-58.
First discovered in c. 1820, for almost 200 years, the region has
been through successive periods of sealing, whaling and ﬁshing, with
commercial exploitation of Southern Ocean ﬁsh stocks still on-going.
During the early years, in particular, exploitation and exploration went
hand in hand. In the years after the Second World War (1939–45),
scientiﬁc interest in Antarctica increased substantially (Walton, 2013).
This was demonstrated most obviously with the IGY (1957–58), which
focused collaborative scientiﬁc eﬀort on the continent to an unprecedented level, at a time that coincided with the Cold War years
(Scully et al., 2011; Walton et al., 2011). Consequently, Antarctica was
seen increasingly as a continent for science. Scientiﬁc activity continues
today, with over 100 facilities including 40 year-round stations and 36
seasonal stations, supporting the research of the 30 countries that operate in the region (COMNAP, 2017). Tourism has also developed, with
visitor numbers growing exponentially over the past 20 years. Now
approximately 40,000 tourists visit Antarctica each year, with the
majority landing at a small number of sites, located mostly on the
Antarctic Peninsula and oﬀ-shore islands, and concentrated in the
austral summer period November to March (IAATO, 2017; Liggett and
Stewart, 2017). The duration of the summer tourism season is expanding slowly over time, which prolongs the pressure on visited environments (Bender et al., 2016). Infrastructure, including airstrips,
research stations, and wharfs, continue to be developed or expanded to
support scientiﬁc and tourism activities, with much of the activity on
scarce ice-free ground (Hughes et al., 2011a; Pertierra et al., 2017).
Human activities have resulted in impacts upon the Antarctic terrestrial, freshwater, marine and ice environments including disturbance
or displacement of wildlife, destruction of habitat, environmental pollution, introduction of non-native species, over-exploitation of marine
mammal species and ﬁsh (including through illegal, unreported and
unregulated (IUU) ﬁshing which contributes substantially to the global
catch of toothﬁsh), incidental mortality of seabirds, by-catch and habitat damage associated with ﬁshing activities (Bargagli, 2005; Frenot
et al., 2005; Agnew et al., 2009; Tin et al., 2009, 2014; Aronson et al.,
2011; Grant et al., 2012; Chown et al., 2012a; Coetzee and Chown,
2015; Hughes et al., 2015a). Given that human activity is likely to
continue to increase and diversify in Antarctica, and pressures on the
Antarctic environment arising from activities outside the region are also
expected to intensify, further and more pressing conservation challenges are likely to result that will require timely development and
implementation of eﬀective environmental policy (Chown et al., 2012b,
2017; Hughes et al., 2016b).
3. Antarctic governance and associated policy bodies
The Antarctic Treaty System and its constituent governance bodies
promote action to protect the values of Antarctica. However, the principal international agreement for governance of the Antarctic region
(the Antarctic Treaty) does not itself include provisions focused on
environmental protection. Rather, the Treaty, which came into force in
1961, established a unique system of international governance for the
area south of 60 °S latitude, with the primary aims of ensuring the
peaceful use of Antarctica, and promoting continued international cooperation in the conduct of scientiﬁc research. Under the Treaty, all
88
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Table 1
Accession of countries to the main components of the Antarctic Treaty System and membership of the Scientiﬁc Committee on Antarctic Research (SCAR).
Country

Antarctic Treaty

Consultative
Party
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
a

Argentina
Australia
Austria
Belarus
Belgium
Brazil
Bulgaria
Canada
Chile
China
Colombia
Cook Islands
Cuba
Czech Republic
Denmark
Ecuador
Estonia
Finland
France
Germany
Greece
India
Islamic Republic of
Iran
Guatemala
Hungary
Iceland
Italy
Japan
Kazakhstan
Democratic People’s
Republic of Korea
Republic of Korea
Malaysia
Mauritius
Monaco
Mongolia
Netherlands
Namibia
New Zealand
Norway
Pakistan
Republic of Panama
Papua New Guinea
Peru
Poland
Portugal
Romania
Russian Federation
Slovak Republic
South Africa
Spain
Sweden
Switzerland
Thailand
Turkey
Ukraine
United Kingdom
United States
Uruguay
Vanuatu
Venezuela

Environmental
Protocol

CAMLR
Conventiona

Convention for the
Conservation of Antarctic
Seals

Non-Consultative
Party

●
●

Member

●
●
●
●

●
●
●
●
●
●

Scientiﬁc Committee on
Antarctic Research

●
●

●
●

Associate
Member

●
●
●

●
●
●
●
●
●
●

●
●
●
●
●
●

●
●

●

●
●
●
●
●
●

●

●
●

●
●

●

●
●

●
●

●

●

●
●
●
●
●
●

●
●
●
●
●

●
●
●
●
●

●
●

●
●
●
●
●

●
●
●
●
●

●
●

●
●

●
●

●

●
●

●
●

●
●
●
●

●
●

●
●
●

●

●

●

●

●

●
●

●
●
●

●
●
●
●

●
●
●
●
●

●
●

●

●

●

●
●
●

●
●
●
●
●
●

●

●
●
●
●

●

●

●

●
●
●

●

●
●
●
●

●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●

●
●
●
●
●

●
●
●
●
●

●

●
●
●
●

Includes CAMLR Convention Members and Acceding States. The European Union has also acceded to the CAMLR Convention.

National Antarctic Programs (COMNAP)), all of which can submit
Working Papers to the Committee that may include speciﬁc recommendations. In addition, several bodies with relevant environmental, scientiﬁc or technical expertise are invited to contribute as
experts, most notably the Antarctic and Southern Ocean Coalition

conducting substantial scientiﬁc research activity there, and which can
participate in decision-making at the ATCM) and a further eleven nonConsultative Parties that have acceded to the Protocol. There are three
standing Observers to the CEP (i.e. the Scientiﬁc Committee on Antarctic Research (SCAR), CCAMLR and the Council of Managers of
89
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Table 2
Summary of the Annexes to the Protocol on Environmental Protection to the Antarctic Treaty.a
Annex No.

Title

Major role

I

Environmental Impact Assessment

II

Conservation of Antarctic Fauna and Flora

III

Waste Disposal and Waste Management

IV

Prevention of Marine Pollution

V

Area Protection and Management

VI

Liability Arising from Environmental
Emergencies

The environmental impacts of any proposed activities in Antarctica shall, before their commencement, be assessed in
order to identify any impacts on the environment, including cumulative impacts, and to identify alternative potentially
less harmful approaches, as well as any monitoring required to verify the predicted impacts of the activity. The extent of
the environmental impacts assessment required depends upon whether the predicted impacts are likely to cause less
than, no more than, or more than minor or transitory impacts. Draft Comprehensive Environmental Evaluations
(prepared for activities likely to have more than a minor or transitory impact) must be made publically available,
circulated to all Parties for comment and be forwarded to the CEP for consideration before the activity commences.
Annex II provides the rules and framework for protecting animals and plants in Antarctica. Permits are required to be
issued for any harmful interactions with Antarctic native species. The introduction of non-native species is not allowed,
except for limited purposes authorised under a permit. The Annex also provides for the designation of ‘Specially
Protected Species’. Annex II was revised and updated in 2009, including to consider the protection of invertebrate
species.
Annex III establishes the principle that the amount of waste produced or disposed of in Antarctica should be minimised
to protect the environment and other Antarctic values. It also establishes the framework for cleaning up waste sites on
land generated prior to the Protocol; rules for the disposal of human waste and the use of incinerators; and a
requirement to develop waste management plans. Some products, such as polychlorinated biphenyls (PCBs),
polystyrene packaging beads and pesticides, are prohibited in the Antarctic.
Annex IV prohibits the discharge of noxious liquid substances, plastics and other garbage to sea from ships. Its
framework is broadly consistent with the International Convention for the Prevention of Pollution from Ships, 1973 as
modiﬁed by the Protocol of 1978 (MARPOL). The Annex also requires Antarctic Treaty Parties to prepare contingency
plans for marine pollution emergencies in the Antarctic Treaty area. Annexes I to IV were adopted in 1991 together with
the Protocol and entered into force in 1998.
Annex V establishes two forms of protected area (Antarctic Specially Protected Areas (ASPAs) and Antarctic Specially
Managed Areas (ASMAs). Both ASPAs and ASMAs require management plans to be prepared, which must be reviewed
at least every ﬁve years. ASPAs are designed to manage and ‘protect outstanding environmental, scientiﬁc, historic,
aesthetic or wilderness values’ and scientiﬁc research. Permits are required to enter and conduct activities in ASPAs.
ASMAs are designated to ‘...assist in the planning and co-ordination of activities, avoid possible conﬂicts, improve cooperation between Parties or minimise environmental impacts’. Annex V also provides for the de’signation of Historic
Sites and Monument to protect and conserve sites of recognised historic value. Annex V was adopted in 1991 and
entered into force in 2002.
This Annex outlines arrangements to prevent and respond to environmental emergencies in the Antarctic Treaty area
arising from scientiﬁc research programmes, tourism and other governmental and non-governmental activities. It
establishes the rules governing liability for the environmental emergencies and provides that compensation may be
claimed from the polluter if that party has not taken prompt and eﬀective response action. Annex VI was adopted in
2005 and will enter into force once approved by all Consultative Parties.

a

Amended from CEP (2016).

4. The importance of scientiﬁc evidence in environmental policy
development

(ASOC) and the International Association of Antarctica Tour Operators
(IAATO), but also the International Hydrographic Organization (IHO),
the Intergovernmental Panel on Climate Change (IPCC), the International Union for Conservation of Nature (IUCN), the United Nations
Environment Programme (UN Environment) and the World Meteorological Organization (WMO). Parties to the CAMLR Convention that
have not acceded to the Treaty are also obliged to observe measures
established by the ATCM to protect Antarctica, including the Protocol,
thereby binding the work of the ATCM and CCAMLR in protection of
the Antarctic region (see Articles III and V of the Convention).
The CEP has been meeting for 19 years and has discussed a wide
range of issues relevant to environmental protection. Since 2007, the
CEP has maintained a prioritised rolling ﬁve-year work plan to guide
and focus the Members’ individual and collective eﬀorts. The
Committee’s top priorities currently include:

Antarctica is a continent where science and supporting logistics are
the dominant human activities, with over 30 states undertaking regular
science programmes in the region. Much of the resulting research evidence may be of relevance to policy makers (Kennicutt et al., 2015). In
their decision-making processes policy makers have to draw on the
information available (including scientiﬁc information), to identify and
implement an agreed course of action to address a problem or opportunity. Policy makers inevitably have to balance competing stakeholder
interests when making decisions (Rose, 2014). They may take into
consideration the precautionary principle and previous experience, but
a greater emphasis is now being placed on building environmental
policies based upon the best available scientiﬁc evidence taking account
of the uncertainties in that evidence (see Constable, 2011; Cook et al.,
2013; Pullin et al., 2016). In the Antarctic context, the CEP seeks to
draw on the best available relevant scientiﬁc evidence when providing
advice and formulating advice and recommendations to the ATCM in
connection with the implementation of the Protocol. This highlights the
need for eﬀective communication between Antarctic scientists and
policy makers. Indeed, the Protocol clearly acknowledges the important
role played by the scientiﬁc community in general, and SCAR in particular, to contribute to the further shaping of Antarctic environmental
policies (Article 12 (2)).
As is the case globally (e.g. Pereira et al., 2013), the provision of
robust environmental information to policy makers as the basis for the
best possible protection of the Antarctic environment is made challenging by several factors:

• understanding and responding to the environmental consequences
of climate change in the Antarctic region;
• addressing the risks to biodiversity associated with the introduction
•
•

to Antarctica of non-native species, including the transfer of native
species between bioregions within Antarctica, which are likely to
increase with increasing human activity in Antarctica and with climate change;
appropriately managing the environmental impacts of tourism and
non-governmental activities; and
improving the eﬀectiveness of protected area management, and
further developing the Antarctic protected area system, including in
the marine environment.
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Fig. 2. Antarctic science-policy communication pathways. Arrow colours reﬂect the source of the communicated information. The dotted arrow highlights a particular opportunity for
further improvements in communication between some individual national delegations to the ATCM and their respective national science funding bodies to consider more targeted
funding of environmental science relevant to Antarctic policy needs.

5. Eﬀective science dialogue – the role of SCAR

1 Knowledge of the Antarctic environment and broader scientiﬁc
understanding is incomplete (for examples of changing circumstances see, e.g., Ainley et al., 2013; Hughes et al., 2015a,b and
Parker et al., 2016), and it can be challenging to communicate
knowledge gaps and uncertainties, and the implications of these, to
policy makers, who wish to make decisions based on the best
available evidence.
2 In contrast, the rapid rate of developments in many scientiﬁc ﬁelds
means that it is sometimes challenging for policy makers to remain
up-to-date on policy-relevant scientiﬁc information.
3 Integrating evidence from diﬀerent academic ﬁelds (for example, to
determine the impacts of climate change) and presenting this in a
form relevant to policy makers is often diﬃcult.
4 No single country is likely to have access to expert scientiﬁc opinion
on all Antarctic environmental topics within its own research community, making consultation between international experts essential
if the best available advice is to be made accessible to individual
policy makers, the CEP and ATCM. However, cultural barriers in
science production and communication can make this process difﬁcult and time-consuming, particularly when many countries are
involved as is increasingly the case.
5 Language barriers and limited access to some research journals
containing relevant information may make it diﬃcult to access and
understand all the available research evidence (Elzinga, 2017).

Scientists undertaking policy-relevant research usually want to ensure their work has maximum policy impact and makes a positive difference to Antarctic environmental management. Two main routes are
available for scientists to contribute to ATS deliberations: either
through the ATCM and CEP National Delegations (see: http://www.ats.
aq/devAS/cep_authorities.aspx) or through SCAR (Fig. 2).
SCAR is an interdisciplinary body of the International Council for
Science (ICSU), and its dual role is to initiate, promote and coordinate
scientiﬁc research in, from and about Antarctica and the Southern
Ocean and to provide independent scientiﬁc advice to the Antarctic
Treaty System and other bodies. SCAR is currently comprised of 43
member countries (Table 1) and nine ICSU Unions. The ﬁrst meeting of
SCAR was held in February 1958, before the Antarctic Treaty was
drafted. SCAR was, in fact, integral in shaping the Antarctic Treaty itself
and later in providing a framework for scientiﬁc activity within the
Treaty area and further north (Walton et al., 2011; Elzinga, 2017).
Since that time, an enduring strength of SCAR has been its ability to
integrate research eﬀort by scientists from many countries and disciplines and operating across the whole of the Antarctic continent and
Southern Ocean to address science and policy questions that are challenging for a single country to deliver. This contribution has been
regularly acknowledged since the ﬁrst ATCM (Recommendation I-IV),
including in the body of the Protocol itself (Article 12(2)). Although it
participates in the ATCM and CEP as an Observer, and so does not
participate in decision-making, the Rules of Procedure of the CEP give
SCAR the capacity to submit Working Papers, and thereby make recommendations for these bodies to consider. SCAR has a long-standing
reputation as a source of reliable, independent and objective scientiﬁc
advice to the ATS, not least as a result of many submissions that have

Ultimately, eﬀorts to enhance Antarctic environmental protection
would be further strengthened by developing greater synergies between the governance bodies on the one hand and the science community on the other hand. Fortunately, there are mechanisms already
in place linking scientiﬁc evidence to governance, with SCAR playing
a key role.
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6. Communicating science to policy makers through SCAR: what
researchers need to know

informed and improved policy and/or management actions to conserve
and protect the Antarctic environment and its biota (Walton and
Clarkson, 2011).
The Standing Committee on the Antarctic Treaty System (SCATS;
see http://www.scar.org/antarctic-treaty-system/scats) is the current
SCAR body tasked with co-ordinating SCAR’s scientiﬁc advice to the
ATS. For any given topic, SCATS will consult with relevant experts
(within the SCAR community, or beyond if required), collate the best
available evidence (based on research in the Antarctic and Southern
Ocean itself, but also beyond when relevant), and present it in a way
that can be readily understood by policy makers. SCAR is one of the
most productive CEP participants, having submitted over 165 papers to
the ATCM/CEP since the Protocol entered into force and the ﬁrst
meeting of the CEP took place in 1998 (Dudeney and Walton, 2012).
SCAR’s contribution to the ATCM and CEP occurs in two main ways:
(1) by responding to direct requests that arise during the annual
meetings (i.e. solicited advice) or (2) by identifying and bringing important emerging issues to the attention of the ATS. In recent years, the
ATCM and CEP have solicited and subsequently received advice from
SCAR on topics including wildlife disturbance (SCAR, 2008), persistent
organic pollutants (POPs) (Fuoco et al., 2009), bioprospecting (SCAR,
2010), and the use of Remotely Piloted Aircraft Systems (RPAS) near
wildlife (SCAR, 2017). SCAR has also had considerable input into the
development and review of a wide range of relevant Codes of Conduct
(see http://www.scar.org/codes-of-conduct). Proactively, SCAR has
also provided information and advice to the CEP on topics such as
specially protected species (SCAR, 2002), non-native species (SCAR,
2012) and bioregionalisation (i.e. the Antarctic Conservation Biogeographic Regions; Australia et al., 2012, 2017).
The production and release of the 2009 Antarctic Climate Change
and Environment (ACCE) Report is an illustrative example as to how
SCAR’s work can inﬂuence the discussions and decisions in the CEP and
ATCM over time. The 2009 ACCE report presented a comprehensive
review of scientiﬁc understanding of how the Antarctic climate is
changing, how it is likely to change in the future, and what the associated environmental impacts might be (SCAR, 2009; https://www.
scar.org/policy/acce-updates/). The report was produced with international contribution from more than 200 scientists from the physical,
earth and life sciences and was more than 500 pages in length with over
1800 academic references. The ACCE report directly informed policy
when it was used as the basis for discussions at an Antarctic Treaty
Meeting of Experts (ATME) on Climate Change held in 2010. The
meeting generated 30 recommendations, which are subject to continuing consideration by the ATCM and CEP, and resulted in the development of the CEP Climate Change Response Work Programme
(CCRWP). In 2017, the CEP established the Subsidiary Group on Climate Change Response (SGCCR) to help the Committee in its considerations of how to address the implications of climate change for
protection of the Antarctic environment, including recommendations
arising from the 2010 ATME. The value of the ACCE work by SCAR is
further reﬂected by the ATCM’s request to receive annual updates.
Since 2003, SCAR has also communicated policy-relevant science
through an annual lecture presented during the Treaty meeting and
dedicated to a scientiﬁc topic of interest for the Treaty meeting
Delegates. The aim is to provide accessible information about relevant
scientiﬁc topics, increase the presence of science in the Antarctic Treaty
and CEP meetings, and provide an opportunity for debate and discussion. Recognising the value of the annual SCAR lecture to their discussions, at the 2017 ATCM the Parties decided that future lectures
should be scheduled for early in the meeting. The complete list and
content of all the SCAR Lectures to the ATCM can be seen and their
content downloaded from: https://www.scar.org/antarctic-treaty/
atcm-presentations/.

It is important to ensure that all scientiﬁc information used as input
in policy-shaping discussions and environmental management decisions
adheres to the fundamental principles of scientiﬁc rigour and impartiality. Scientiﬁc information that is relevant to communicate to
policy makers can include (a) new and emerging environmental issues,
(b) reviews of the state of knowledge on policy-relevant issues or (c)
scientiﬁc/technical advances in methods for environmental protection
developed speciﬁcally for Antarctica, or developed elsewhere but applicable to Antarctic environmental situations. Irrespective of the route
by which science is communicated to ATS policy makers, the evidencebase for the ﬁndings and any associated recommendations must be
clear. Ideally, policy makers like to take decisions on the basis of strong
scientiﬁc evidence, but it is also important for them to know (and still
be able to act, as appropriate) if the scientiﬁc evidence base is weak. In
some cases, the response might include, for example, to recommend
actions to support or undertake more research to improve the evidence
base, but to take precautionary steps for the time being. Indeed, SCAR’s
Rules of Procedure for Subsidiary Bodies require that evidence presented by SCAR to external bodies to inform policy or management
decision-making is peer-reviewed and reviewed through SCATS.
Research addressing priority topics listed in the CEP Five-Year Work
Plan and the recently developed CCRWP will, at least initially, attract
most attention from policy makers (see: http://www.ats.aq/e/cep.
htm). The involvement of scientists from multiple countries, and/or
multinational support for research evidence that is presented, can help
with building broad support within the ATS, particularly in light of
Article 3 of the Antarctic Treaty that promotes international cooperation in scientiﬁc investigation in Antarctica. This is particularly important to enable countries to be involved at an early stage in the development of policies that may directly aﬀect them. The greater
engagement of early-career scientists, including through the
Association of Polar Early Career Scientists (APECS), may provide an
additional opportunity for enhancing the interface between science and
policy (e.g. through the support of the SCAR-COMNAP Fellowships
Scheme).
Scientiﬁc advice will have greater uptake when provided in a form
that is both ‘policy-ready’ and relevant to the needs of policy makers. It
is important to note that the process of changing or developing
Antarctic policy may take several years, including because all decisions
are taken by consensus and multiple factors may need to be taken into
consideration. While the pace may seem slow, by the standards of international organisations generally, the ATS can move quickly in some
cases. An example is the publication in 2012 of the Antarctic
Conservation Biogeographic Regions (Terauds et al., 2012) and their
adoption that same year by a Resolution at the ATCM as a way of informing the further development of the Antarctic protected areas
system (ATCM Resolution 6 (2015), Hobart 2012; updated through
ATCM Resolution 3 (2017) Beijing, China; see http://www.ats.aq/
devAS/ats_meetings.aspx?lang=e). Irrespective, the opportunity to
contribute to and improve policy and management of the region is
profound, making even complex and lengthy processes worth the eﬀort
for individual scientists or science research consortia.
7. The Antarctic Environments Portal
Knowledge disseminated through thematic syntheses and status
reports may quickly become outdated due to a rapidly changing
knowledge base. The recent advances in developing ‘on-line’ platforms
and mechanisms for dynamically disseminating and updating knowledge, in a manner that gives the audience conﬁdence the information is
accurate and current, are particularly important for improving the delivery of science into policy. The recently developed Antarctic
Environments Portal (www.environments.aq) takes advantage of these
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routinely incorporate scientists in their National Delegations to ATCMs,
to provide expertise and represent national positions on scientiﬁc topics, and to gain a direct understanding of the issues under discussion
and related science needs. The broader inclusion of scientists on national delegations could be encouraged. Further, many government
policy makers directly engage with Antarctic researchers when preparing for ATCMs, to seek advice or input into meeting papers and
national positions, which is setting a positive example for other delegations to follow. Alternatively, science could respond to existing or
emerging conservation priorities to inform policy makers and to enable
the development of appropriate policy instruments.
The lack of scientiﬁc certainty is sometimes used as a reason to defer
decisions in political settings. This raises the interesting question of
how much scientiﬁc certainty is enough, which will vary depending on
the issue in question and the risk appetite or requirements of the decision maker(s). The role of science is to reduce, and where possible
quantify, uncertainty so decision-making can take place in light of the
best available evidence. There are many examples of the eﬀective
transfer of scientiﬁc knowledge into Antarctic policy. One of the best
examples relates to the issue of non-native species in Antarctica. The
CEP has been aware of the issue of non-native species for many years
and initiated further work on the topic, including through the Nonnative Species Workshop in Christchurch, New Zealand, in 2006
(Rogan-Finnemore, 2008) following the publication of a comprehensive
review of the issue by Frenot et al. (2005) and the delivery of the SCAR
lecture on the topic to the ATCM by Prof. Steven Chown in 2005. As a
result of SCAR and COMNAP initiatives and international programmes
conducted during the International Polar Year 2007–2008 (e.g. the
‘Aliens in Antarctica’ project; Hughes et al., 2010, 2011b; Chown et al.,
2012b; Huiskes et al., 2014), the threat to the Antarctic terrestrial and
marine environment due to the introduction of non-native species in a
context of climate change, was more clearly deﬁned (SCAR, 2012). This
issue is of the highest priority for the CEP and, with further substantial
input from SCAR, the Committee has agreed guidelines included within
the Non-native Species Manual (see: http://www.ats.aq/e/ep_faﬂo.
htm) to help stakeholders, such as national Antarctic programmes,
scientists, logisticians and the tourism industry, to minimise the risk of
non-native species introductions. Moreover, a collaboration with
COMNAP led to the publication of the COMNAP/SCAR Non-native
species voluntary checklists for supply chain managers (https://www.
comnap.aq/SitePages/checklists.aspx).
A critical reality is that those responsible for policy making often do
not fund the science needed for decision-making. There are some examples of national Antarctic science funding and policy-making responsibilities co-existing within a single organisation, or at least having
clear formal links, but this is far from a universal arrangement. As long
as this disconnect remains, the application of science to policy will
remain ad hoc yielding sub-optimal outcomes. The need for enhanced
funding for the kind of applied work referred to above, including for
example long-term monitoring, and for the research underpinning it
(Fig. 2) is substantial but not always available (Kennicutt et al., 2014;
Constable et al., 2016; Xavier et al., 2016). The Parties to the ATS
agreements, and the institutions of the ATS, could usefully work towards developing mechanisms to promote ﬁnancial support for research to address policy priorities. Current examples include studies to
inform wildlife approach distances, or forecasting population and ecosystem responses to changing impacts and climates.
Communication by ATS National Delegations to their domestic research funding bodies of the need for resources for policy-relevant
Antarctic environmental research would, in this regard, also deliver a
multitude of tangible beneﬁts. Moreover, national funding calls targeting speciﬁc environmental issues would directly contribute to policy
progress, and raise the proﬁle of these research areas within science
communities. As the focus on the impact of research grows (e.g. van
Noorden, 2015), individual scientists, and those who inﬂuence funding
policy, will ﬁnd it more straightforward to justify the use of their own

approaches and presents an additional mechanism for communicating
research to policy makers. The Portal was launched in 2015 and was
developed by New Zealand, SCAR and a consortium of other countries
that are active in the ATCM and CEP. It is an online resource that
provides the scientiﬁc community with a ready-to-use, eﬃcient and
scientiﬁcally sound mechanism for presenting scientiﬁc evidence for
use in Antarctic policy-making. The Portal aims to make relevant scientiﬁc knowledge readily available for policy-making in the Antarctic
context, and thus provide a better foundation for eﬀective Antarctic
governance and management. It consists of short articles on a variety of
topics relevant to the work of the CEP, including, for example, nonnative species, wildlife disturbance, climate change impacts on
Southern Ocean biota and area protection. The articles contain no recommendations and reﬂect the current state of knowledge on a topic,
based upon the available peer-reviewed literature. The Portal has been
recognized by the Treaty Parties as an important mechanism for making
high-quality, accurate, non-political and up-to-date scientiﬁc advice
available (ATCM Resolution 3 (2015), Soﬁa, Bulgaria). As the use of the
Portal by science contributors and policy makers expands, it has the
potential to have an increasing impact on the way that Antarctic Treaty
Parties discuss and shape Antarctic environmental policies.
Nevertheless, establishing such information sources is not without its
challenges, and the Portal’s editorial process seeks to ensure scientiﬁc
robustness of all content, as well as regular reviews to ensure that the
content is kept up-to-date.
8. Science-policy communication: fulﬁlling the potential
To support progress on Antarctic environmental protection and
conservation, policy makers need to clearly communicate their priorities and related science requirements, and scientists need to eﬀectively communicate the policy implications of their research.
Consequently, communication between policy makers and scientists
needs to be established and nurtured, with an emphasis on transparency
increasing the likelihood of progress (Sutherland et al., 2011; Turnhout
et al., 2014, 2016). Antarctic policy priorities need to be understood by
both national and SCAR representatives participating in ATS meetings.
Such priorities are outlined in the meeting reports of the ATCM, CEP
and CCAMLR, and are made available on the Antarctic Treaty Secretariat and CCAMLR websites, but may not be well known within the
wider Antarctic scientiﬁc community. A further science-policy communication issue may be the generic way in which policy makers specify their science needs, and may not provide an adequately speciﬁc
question for a scientist to answer.
Better communication of policy priorities and related science needs
will help raise awareness among scientists, and is likely to result in
increased delivery of science highly relevant to policy. In this regard, at
its meeting in 2017 the CEP agreed to develop a list of its priority
science needs, as a practical approach to enhancing communication
with SCAR, national Antarctic science funding bodies and the Antarctic
science community in general (ATS, 2017). Other relevant initiatives
include the dedicated sessions held during the last two biennial SCAR
Open Science Conferences (held in Auckland, 2014 and Kuala Lumpur,
2016), which highlighted and reinforced the importance of policy-relevant science to a broad and multidisciplinary Antarctic scientiﬁc
community. Such sessions may be an ‘eye-opener’ for scientists, particularly those who do not regularly interact with policy-makers and who
may beneﬁt from hearing about the utility of their research in a policy
context.
SCAR is well-placed to respond to scientiﬁc requests from policy
makers based on existing published data. Under some circumstances,
the proactive development of bespoke scientiﬁc projects responding to
CEP and ATCM policy priorities may be a helpful further means to
enhance environmental policy delivery, particularly when undertaken
in collaboration with one or more ATS National Delegations (see Fig. 2).
Some Parties (e.g., the countries of the co-authors of this paper)
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time and national resources on research that focuses on agreed priorities, while not losing sight of the scientiﬁc integrity that remains the
focus of all research endeavours.
9. Conclusions
Eﬀective communication between scientists and policy makers is
clearly essential for the development of informed policy and of relevant
and directed research eﬀorts that eﬀectively protect Antarctica and the
Southern Ocean from current and emerging environmental threats.
Despite existing and more recently developed initiatives to enhance
communication, further opportunities exist to connect the work of
scientists and policy makers. The situation could be improved by increasing scientists’ awareness of the opportunities to inform environmental policymaking within the ATS. The ATCM and CEP could communicate more clearly the speciﬁc knowledge gaps that must be ﬁlled
to progress Antarctic environmental protection. SCAR could further
assist by strengthening its already substantial communication to its
members about the areas of research that are needed by the ATCM and
CEP (as has recently be done with the CEP’s Climate Change Response
Work Programme; see http://www.ats.aq/e/cep.htm) and by continuing to inform the science community though meetings, such as the
one that led to this paper, about routes through which policy-relevant
science can be communicated to policy makers (i.e. through ATS
National Delegations or SCAR, or the Antarctic Environments Portal;
see Fig. 2). Eﬀective communication between National Delegations to
the ATS and their domestic science funding bodies is required to establish a clear mechanism to commission and ensure adequate resourcing of applied research that fulﬁls speciﬁc policy needs. Without a
clear link between policy needs and national funding, the delivery of
targeted policy-relevant science is unlikely to be forthcoming.
While it is without question that improved communication between
scientists and policy makers and a more considered and proactive integration of scientiﬁc knowledge into policy-making would be ideal, the
reality is, as so often, very complex, and it would be naïve to assume
that the obstacles we are currently facing could be easily overcome. In
this paper, we have tried to bring together a host of general suggestions
as well as examples of good practice that show how the situation might
be improved. Our suggestions point towards thoughtful incremental
improvements designed to have maximum impact rather than a radical
overhaul of the existing system, which is not necessarily required or
even feasible.
With Antarctic environments facing mounting threats from local
and global human impacts, policy makers have never been in greater
need of timely, high quality and relevant scientiﬁc evidence on which
to develop appropriate policy and management responses.
Conservation best practice developed in the rest of the world may be
usefully tailored for the speciﬁc circumstances of the Antarctic.
However, encouraging the scientiﬁc community to undertake policyrelevant research is critical for Antarctic policy to keep pace with
current and emerging conservation and environmental management
challenges and requires the development of open channels of communication as well as targeted funding at national and international levels.

References
Agnew, D.J., Pearce, J., Pramod, G., Peatman, T., Watson, R., Beddington, J.R., et al.,
2009. Estimating the worldwide extent of illegal ﬁshing. PLoS One 4, e4570. http://
dx.doi.org/10.1371/journal.pone.0004570.
Ainley, D.G., Nur, N., Eastman, J.T., Ballard, G., Parkinson, C.L., Evans, C.W., et al., 2013.
Decadal trends in abundance, size and condition of Antarctic toothﬁsh in McMurdo
sound, Antarctica, 1972–2011. Fish Fish. 14, 343–363.
Antarctic Treaty Secretariat, 2016. CEP XIX report. Final Report of the Thirty-Ninth
Antarctic Treaty Consultative Meeting. pp. 112–116. Para. 43–55. Available at:
http://www.ats.aq/documents/ATCM39/fr/ATCM39_fr001_e.pdf.
Antarctic Treaty Secretariat, 2017. Final Report of the Fortieth Antarctic Treaty
Consultative Meeting, vol. 1, 25. Para. 36–38. Available at: http://www.ats.aq/
documents/ATCM40/fr/ATCM40_fr001_e.pdf.
Aronson, R.B., Thatje, S., McClintock, J.B., Hughes, K.A., 2011. Anthropogenic impacts on
marine ecosystems in Antarctica. Ann. N. Y. Acad. Sci. 1223, 82–107.
Australia, New Zealand, SCAR, 2012. Antarctic Conservation Biogeographic Regions. In:
Working Paper 23 rev.1. Antarctic Treaty Consultative Meeting XXXV. 11–20 June
2012, Hobart, Australia.
Australia, New Zealand, SCAR, 2017. Proposed update to the Antarctic Conservation
Biogeographic Regions. In: Working Paper 29. Antarctic Treaty Consultative Meeting
XL. 22 May–1 Jun 2017, Beijing , China.
Bargagli, R., 2005. Antarctic Ecosystems: Environmental Contamination, Climate Change,
and Human Impact. Springer Verlag 398 pp.
Bender, N.A., Crosbie, K., Lynch, H.J., 2016. Patterns of tourism in the Antarctic
Peninsula region: a 20-year analysis. Antarct. Sci. 28, 194–203.
Burton-Johnson, A., Black, M., Fretwell, P.T., Kaluza-Gilbert, J., 2016. An automated
methodology for diﬀerentiating rock from snow, clouds and sea in Antarctica from
Landsat 8 imagery: a new rock outcrop map and area estimation for the entire
Antarctic continent. Cryosphere 10, 1665–1677.
CEP, 2016. 25 years of the Protocol on Environmental Protection to the Antarctic Treaty.
Secretariat of the Antarctic Treaty, Buenos Aires. Available at: http://www.ats.aq/e/
ep.htm.
Chile, 2016. Santiago declaration on the 25th anniversary of the signing of the Protocol
on Environmental Protection to the Antarctic Treaty. Additional Document 003. In:
Antarctic Treaty Consultative Meeting XXXIX. 23 May–1 June 2016, Santiago, Chile.
Chown, S.L., Lee, J.E., Hughes, K.A., Barnes, J., Barrett, P.J., Bergstrom, D.M., Convey, P.,
Cowan, D.A., Crosbie, K., Dyer, G., Frenot, Y., Grant, S.M., Herr, D., Kennicutt, M.C.,
Lamers, M., Murray, A., Possingham, H.P., Reid, K., Riddle, M.J., Ryan, P.G., Sanson,
L., Shaw, J.D., Sparrow, M.D., Summerhayes, C., Terauds, A., Wall, D.H., 2012a.
Challenges to the future conservation of the Antarctic. Science 337, 158–159.
Chown, S.L., Huiskes, A.H.L., Gremmen, N.J.M., Lee, J.E., Terauds, A., Crosbie, K., Frenot,
Y., Hughes, K.A., Imura, S., Kiefer, K., Lebouvier, M., Raymond, B., Tsujimotoi, M.,
Ware, C., Van de Vijver, B., Bergstrom, D.M., 2012b. Continent-wide risk assessment
for the establishment of nonindigenous species in Antarctica. Proc. Natl. Acad. Sci. U.
S. A. 109, 4938–4943.
Chown, S.L., Clarke, A., Fraser, C.I., Cary, S.C., Moon, K.L., McGeoch, M.A., 2015. The
changing form of Antarctic biodiversity. Nature 522, 431–438.
Chown, S.L., Brooks, C.M., Terauds, A., Le Bohec, C., Van Klaveren-Impagliazzo, C.,
Whittington, J.D., Butchart, S.H.M., Coetzee, B.W.T., Collen, B., Convey, P., Gaston,
K.J., Gilbert, N., Gill, M., Höft, R., Johnston, S., Kennicutt II, M.C., Kriesell, H.J., Le
Maho, Y., Lynch, H.J., Palomares, M., Puig-Marcó, R., Stoett, P., McGeoch, M.A.,
2017. Antarctica and the strategic plan for biodiversity. PLoS Biol. 15, e2001656.
Coetzee, B.W., Chown, S.L., 2015. A meta-analysis of human disturbance impacts on
Antarctic wildlife. Biol. Rev. Camb. Philos. Soc. 91, 578–596.
COMNAP, 2017. COMNAP Antarctic Station Catalogue. Available at:. https://www.
comnap.aq/Members/Shared%20Documents/COMNAP_Antarctic_Station_Catalogue.
pdf.
Constable, A.J., 2011. Lessons from CCAMLR on the implementation of the ecosystem
approach to managing ﬁsheries. Fish Fish. 12, 138–151.
Constable, A.J., 2016. SC-CAMLR work on climate change. Joint CEP/SC-CAMLR
Workshop on Climate Change and Monitoring. In: Expert Paper 019. 18–19 May
2016, Punta Arenas, Chile. . Available at https://www.ccamlr.org/en/system/ﬁles/
meeting_documents/with_cover/emm-16-71.pdf.
Constable, A.J., Melbourne-Thomas, J., Corney, S.P., Arrigo, K.R., Barbraud, C., Barnes,
D.K., Bindoﬀ, N., Boyd, P., Brandt, A., Costa, D., Davidson, A., Ducklow, H.,
Emmerson, L., Fukuchi, M., Gutt, J., Hindell, M., Hofmann, E., Hosie, G., Iida, T.,
Jacob, S., Johnston, N., Kawaguchi, S., Kokubun, N., Koubbi, P., Lea, M.A., Makhado,
A., Massom, R., Meiners, K., Meredith, M., Murphy, E., Nicol, S., Reid, K., Richerson,
K., Riddle, M., Rintoul, S., Smith Jr, W., Southwell, C., Stark, J., Sumner, M.,
Swadling, K., Takahishi, K., Trathan, P., Welsford, D., Weimerskirch, H., Westwood,
K., Wienecke, B., Wolf-Gladrow, D., Wright, S.W., Xavier, J.C., Ziegler, P., 2014.
Climate change and Southern Ocean ecosystems I: how changes in physical habitats

Acknowledgements
This work originated out of presentations and discussion that occurred during a mini-symposium held on 23 August 2016 at the SCAR
Open Science Conference, Kuala Lumpur, Malaysia entitled ‘Linking
Antarctic Science with Environmental Protection: celebrating the 25th
Anniversary of the Madrid Protocol’ and we thank the organisers of this
meeting. Steven Chown is acknowledged for his substantial contribution to this project. Laura Gerrish is thanked for map preparation and
Malgorzata Smieszek is thanked for providing comments on a late draft
of the manuscript. We are particularly indebted to two anonymous
reviewers for their insightful comments. KH is supported by UK Natural
94

Environmental Science and Policy 83 (2018) 86–95

K.A. Hughes et al.

9781780646084.0484.
Parker, S.J., Mormede, S., DeVries, A.L., Hanchet, S.M., Eisert, R., 2016. Have Antarctic
toothﬁsh returned to McMurdo Sound? Antarct. Sci. 26, 29–34.
Pereira, H.M., Ferrier, S., Walters, M., Geller, G.N., Jongman, R.H.G., Scholes, R.J., et al.,
2013. Essential biodiversity variables. Science 339 (6117), 277–278. http://dx.doi.
org/10.1126/science.1229931.
Pertierra, L.R., Hughes, K.A., Vega, G.C., Olalla-Tárraga, M.A., 2017. High resolution
spatial mapping of human footprint across Antarctica and its implications for the
strategic conservation of avifauna. PLoS One 12 (1), e0168280. http://dx.doi.org/10.
1371/journal.pone.0168280.
Pullin, A.S., Frampton, G., Jacob, K., Jongman, R., Kohl, C., Livoreil, B., Lux, A., Pataki,
G., Petrokofsky, G., Podhora, A., Saarikoski, H., Santamaria, L., Schindler, S., SousaPinto, I., Vandewalle, M., Wittmer, H., 2016. Selecting appropriate methods of
knowledge synthesis to inform biodiversity policy. Biodivers. Conserv. 25,
1285–1300. http://dx.doi.org/10.1007/s10531-016-1131-9.
Rogan-Finnemore, M., (Ed.). 2008. Non-native species in the Antarctic – Proceedings.
Christchurch, New Zealand, Gateway Antarctica, 284 pp.
Rose, D.C., 2014. Five ways to enhance the impact of climate science. Nat. Clim. Change
4, 522–524.
Saul, B., Stephens, T., 2015. Antarctica in International Law. Hart Publishing, Oxford.
SCAR, 2002. Specially protected species. Working Paper 38. In: Antarctic Treaty
Consultative Meeting XXV. 10–20 September 2002, Warsaw, Poland.
SCAR, 2008. Human disturbance to wildlife in the broader Antarctic region: a review of
ﬁndings. Working Paper 12. In: Antarctic Treaty Consultative Meeting XXXI. 2–13
June 2008, Kyiv, Ukraine.
SCAR, 2009. SCAR’s Antarctic climate change and the environment (ACCE) review report.
Information Paper 5. In: Antarctic Treaty Consultative Meeting XXXII. 6–17 April
2009. Baltimore, United States.
SCAR, 2010. Biological prospecting in the Antarctic region: a conservative overview of
current research. Working Paper 2. In: Antarctic Treaty Consultative Meeting XXXIII.
2–14 May 2010, Punta del Este, Uruguay.
SCAR, 2012. Outcomes of the International Polar Year Programme: Aliens in Antarctica.
Working Paper 5. In: Antarctic Treaty Consultative Meeting XXXV. 11–20 June 2012,
Hobart, Australia.
SCAR, 2017. State of Knowledge of Wildlife Responses to Remotely Piloted Aircraft
Systems (RPAS). Working Paper 20. In: Antarctic Treaty Consultative Meeting XXXX.
22 May–1 June 2017, Beijing, China.
SC-CAMLR, 2016. RReport of the Thirty-Fifth Meeting of the Scientiﬁc Committee,
Hobart, Australia 17-21 October 2016. Para. 8.2–8.9. . Available at: https://www.
ccamlr.org/en/system/ﬁles/e-sc-xxxv.pdf.
Scully, T., et al., 2011. The development of the Antarctic Treaty System. In: Berkman, P.
(Ed.), Science Diplomacy: Antarctica, Science and the Governance of International
Spaces. Smithsonian Institution Scholarly Press, Washington, DC, pp. 29–38.
Sutherland, W.J., Fleishman, E., Mascia, M.B., Pretty, J., Rudd, M.A., 2011. Methods for
collaboratively identifying research priorities and emerging issues in science and
policy. Methods Ecol. Evol. 2, 238–247.
Terauds, A., Chown, S.L., Morgan, F., Peat, H., Watts, D.J., Keys, H., Convey, P.,
Bergstrom, D., 2012. Conservation biogeography of the Antarctic. Divers. Distrib. 18,
726–741.
Terauds, A., Lee, J.R., 2016. Antarctic biogeography revisited: updating the Antarctic
Conservation Biogeographic Regions. Divers. Distrib. 22, 836–840.
Tin, T., Fleming, Z.L., Hughes, K.A., Ainley, D.G., Convey, P., Moreno, C.A., Pfeiﬀer, S.,
Scott, J., Snape, I., 2009. Impacts of local human activities on the Antarctic environment. Antarct. Sci. 21, 3–33.
Tin, T., Liggett, D., Maher, P., Lamers, M., 2014. The Future of Antarctica: Human
Impacts, Strategic Planning and Values for Conservation. Springer, Dordrecht. http://
dx.doi.org/10.1007/978-94-007-6582-5_5.
Turner, J., Barrand, N.E., Bracegirdle, T.J., Convey, P., Hodgson, D.A., Jarvis, M., Jenkins,
A., Marshall, G., Meredith, M.P., Roscoe, H., Shanklin, J., French, J., Goosse, H.,
Guglielmin, M., Gutt, J., Jacobs, S., Kennicutt, M.C., Masson-Delmotte, V., Mayewski,
P., Navarro, F., Robinson, S., Scambos, T., Sparrow, M., Summerhayes, C., Speer, K.,
Klepikov, A., 2014. Antarctic climate change and the environment: an update. Polar
Rec. 50, 237–259.
Turnhout, E., Neves, K., de Lijster, E., 2014. ‘Measurementality’ in biodiversity governance: knowledge, transparency, and the intergovernmental science-policy platform
on biodiversity and ecosystem services (IPBES). Environ. Plann. A 46, 581–597.
Turnhout, E., Dewulf, A., Hulme, M., 2016. What does policy-relevant global environmental knowledge do? The cases of climate and biodiversity. Curr. Opin. Environ.
Sustain. 18, 65–72.
Van Noorden, R., 2015. Seven thousand stories capture impact of science. Nature 518,
150–151.
Walton, D.W.H., et al., 2011. The Scientiﬁc Committee on Antarctic Research and the
Antarctic Treaty. In: Berkman, P. (Ed.), Science Diplomacy: Antarctica, Science and
the Governance of International Spaces. Smithsonian Institution Scholarly Press,
Washington, DC, pp. 73–88.
Walton, D.W.H. (Ed.), 2013. Antarctica: Global Science from a Frozen Continent.
Cambridge University Press, Cambridge 342 pp.
Walton, W.H., Clarkson, P.D., 2011. Science in the Snow. Scientiﬁc Committee on
Antarctic Research, Cambridge XII + 498 pp.
Xavier, J.C., Brandt, A., Ropert-Coudert, Y., Badhe, R., Gutt, J., Havermans, C., Jones, C.,
Costa, E.S., Lochte, K., Schloss, I.R., Kennicutt II, M.C., Sutherland, W.J., 2016.
Future challenges in Southern Ocean ecology research. Front. Mar. Sci. 3, 94. http://
dx.doi.org/10.3389/fmars.2016.00094.

directly aﬀect marine biota. Global Change Biol. 20, 3004–3025.
Constable, A.J., Costa, D.P., Schoﬁeld, O., Newman, L., Urban Jr, E.R., Fulton, E.A.,
Melbourne-Thomas, J., Ballerini, T., Boyd, P.W., Brandt, A., de la Mare, W.K.,
Edwards, M., Eléaume, M., Emmerson, L., Fennel, K., Fielding, S., Griﬃths, H., Gutt,
J., Hindell, M.A., Hofmann, E.E., Jennings, S., La, H.S., McCurdy, A., Mitchell, B.G.,
Moltmann, T., Muelbert, M., Murphy, E., Press, A.J., Raymond, B., Reid, K., Reiss, C.,
Rice, J., Salter, I., Smith, D.C., Song, S., Southwell, C., Swadling, K.M., Van de Putte,
A., Willis, Z., 2016. Developing priority variables (‘ecosystem essential ocean variables - EOVs) for observing dynamics and change in Southern Ocean ecosystems. J.
Mar. Syst. 161, 26–41.
Cook, J., Nuccitelli, D., Green, S.A., Richardson, M., Winkler, B., Painting, R., Way, R.,
Jacobs, P., Skuce, A., 2013. Quantifying the consensus on anthropogenic global
warming in the scientiﬁc literature. Environ. Res. Lett. 8, 024024.
De Broyer, C., Koubbi, P., Griﬃths, H.J., Raymond, B., Udekem d’Acoz, C. d’, Van de
Putte, A.P., Danis, B., David, B., Grant, S., Gutt, J., Held, C., Hosie, G., Huettmann, F.,
Post, A., Ropert-Coudert, Y. (Eds.), 2014. Biogeographic Atlas of the Southern Ocean.
Scientiﬁc Committee on Antarctic Research, Cambridge XII + 498 pp.
Dudeney, J.R., Walton, D.W.H., 2012. Leadership in politics and science within the
Antarctic treaty. Polar Res. 31, 11075. http://dx.doi.org/10.3402/polar.v31i0.
11075.
Elzinga, A., 2017. The continent for science. In: Dodds, K., Hemmings, A., Roberts, P.
(Eds.), Handbook on the Politics of Antarctica, ﬁrst edition. Edward Elgar Publishing
Ltd., Cheltenham, UK, pp. 103–124.
Frenot, Y., Chown, S.L., Whinam, J., Selkirk, P., Convey, P., Skotnicki, M., Bergstrom, D.,
2005. Biological invasions in the Antarctic: extent, impacts and implications. Biol.
Rev. 80, 45–72.
Fuoco, R., Capodaglio, G., Muscatello, B., Radaelli, M., 2009. SCAR Action Group on
Environmental Contamination in Antarctica. Persistent Organic Pollutants (POPs) in
the Antarctic environment: a review of ﬁndings. SCAR, Cambridge. 98 pp, ISBN 978 0
948277 23 8. Available at: http://www.scar.org/publications/occasionals.
Grant, S.M., Penhale, P.A., 2016. Conveners’ report of the joint CEP/SC-CAMLR workshop
on climate change and monitoring. In: Paper SC-CAMLR-XXXV/07. SC-CAMLR XXXV.
17–21 Oct 2016, Hobart, Australia.
Grant, S.M., Convey, P., Hughes, K.A., Phillips, R.A., Trathan, P.N., 2012. Conservation
and management of Antarctic ecosystems. In: Rogers, A.D., Johnston, N.M., Murphy,
E.J., Clarke, A. (Eds.), Antarctic Ecosystems: An Extreme Environment in a Changing
World, ﬁrst edition. Blackwell Publishing Ltd, Oxford, pp. 492–525.
Hughes, K.A., Lee, J.E., Ware, C., Kiefer, K., Bergstrom, D.M., 2010. Impact of anthropogenic transportation to Antarctica on alien seed viability. Polar Biol. 33,
1123–1130.
Hughes, K.A., Fretwell, P., Rae, J., Holmes, K., Fleming, A., 2011a. Untouched Antarctica:
mapping a ﬁnite and diminishing environmental resource. Antarct. Sci. 23, 537–548.
Hughes, K.A., Lee, J.E., Tsujimoto, M., Imura, S., Bergstrom, D.M., Ware, C., Lebouvier,
M., Huiskes, A.H.L., Gremmen, N.J.M., Frenot, Y., Bridge, P.D., Chown, S.L., 2011b.
Food for thought: risks of non-native species transfer to the Antarctic region with
fresh produce. Biol. Conserv. 144, 1682–1689.
Hughes, K.A., Pertierra, L.R., Molina-Montenegro, M.A., Convey, P., 2015a. Biological
invasions in terrestrial Antarctica: what is the current status and can we respond?
Biodivers. Conserv. 24, 1031–1055.
Hughes, K.A., Cowan, D.A., Wilmotte, A., 2015b. Protection of Antarctic microbial
communities – ‘out of sight, out of mind. Front. Microbiol. 6, 151.
Hughes, K.A., Liggett, D., Roldan, G., Wilmotte, A., Xavier, J.C., 2016a. Narrowing the
science/policy gap for environmental management (Guest editorial). Antarct. Sci. 28,
325.
Hughes, K.A., López-Martínez, J., Francis, J.E., Crame, J.A., Carcavilla, L., Shiraishi, K.,
Hokada, T., Yamaguchi, A., 2016b. Antarctic geoconservation: a review of current
systems and practices. Environ. Conserv. 43 (2), 97–108.
Huiskes, A.H.L., Gremmen, N.J.M., Bergstrom, D.M., Frenot, Y., Hughes, K.A., Imura, S.,
Kiefer, K., Lebouvier, M., Lee, J.E., Tsujimossto, M., Ware, C., Van de Vijver, B.,
Chown, S.L., 2014. Aliens in Antarctica: assessing transfer of plant propagules by
human visitors to reduce invasion risk. Biol. Conserv. 171, 278–284.
IAATO, 2017. Tourism Statistics. Available at:. https://iaato.org/en_GB/tourismstatistics.
Kennicutt, M.C., Liggett, D., Havermans, C., Badhe, R., 2014. What Antarctic Science is
Funded by National Antarctic Programs? International Planning for Antarctic and
Southern Ocean Science at the Dawn of the 21st Century. Available at:. http://
www.scar.org/horizonscanning.
Kennicutt, M.C., Chown, S.L., Cassano, J.J., Liggett, D., Peck, L.S., Massom, R., Rintoul,
S.R., Storey, J., Vaughan, D., Wilson, T.J., Allison, I., Ayton, J., Badhe, R., Baeseman,
J., Barrett, P.J., Bell, R.E., Bertler, N., Bo, S., Brandt, A., Bromwich, D., Cary, C.,
Clark, M.S., Convey, P., Costa, E.S., Cowan, D., DeConto, R., Dunbar, R., Elfring, C.,
Escutia, C., Francis, J., Fricller, H.A., Fukuschi, M., Gilbert, N., Gutt, J., Havermans,
C., Hik, D., Hosie, G., Jones, C., Kim, Y.D., Le Maho, Y., Lee, S.H., Leppe, M.,
Leitchenkov, G., Li, X., Lipenkov, V., Lochte, K., López-Martínez, J., Lüdecke, C.,
Lyons, W., Marenssi, S., Miller, H., Morozova, P., Naish, T., Nayak, S., Ravindra, R.,
Retamales, J., Ricci, C.A., Rogan-Finnemore, M., Ropert-Coudert, Y., Samah, A.A.,
Sanson, L., Scambos, T., Schloss, I., Shiraishi, K., Siegert, M.J., Simões, J., Sparrow,
M.D., Storey, B., Wall, D.H., Walsh, J.C., Wilson, G., Winther, J.G., Xavier, J.C., Yang,
H., Sutherland, W.J., 2015. A roadmap for Antarctic and Southern Ocean science for
the next two decades and beyond. Antarct. Sci. 27, 3–18.
Liggett, D., Stewart, E., 2017. Sailing in icy waters: Antarctic cruise tourism development,
regulation and management. In: Weeden, C., Dowling, R. (Eds.), Cruise Ship Tourism,
2nd edition. CABI, Wallingford, pp. 484–504. http://dx.doi.org/10.1079/

95

