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27. Fishing the bottom of the Earth: the political 
challenges of ecosystem- based management
Cassandra M. Brooks and David G. Ainley

INTRODUCTION

World fishery take peaked during the 1980s and has since declined as stocks have become 
fully or over exploited,1 forcing fishermen into ever deeper and more remote waters.2 
Antarctic fishing has reflected this global trend. In 1996 a single, exploratory long- line 
vessel from New Zealand penetrated the icy waters of the Ross Sea, and in doing so, initi-
ated the most remote fishery on Earth.3 Historically, the depletion of marine resources 
in other parts of the world had driven fishing vessels into the Southern Ocean, initially 
for seals, then whales, then fish and krill, in some areas a veritable ‘fishing down the 
food web’.4 Yet, some of the southernmost reaches of the Southern Ocean, including 
the Ross Sea, had remained protected by remoteness and daunting sea- ice conditions. 
These corners of the Southern Ocean contain some of the last healthy continental shelf  
ecosystems left on Earth,5 including the last remaining unexploited fish stocks.6 These 
competing realities have clashed in the Ross Sea, creating tension between ‘rational use’ 
and ecosystem conservation. While efforts to designate a Ross Sea marine protected area 
(MPA) have been underway for almost a decade, upwards of twenty vessels have contin-
ued to fish for toothfish which is marketed as ‘Chilean Sea Bass’, also known as ‘White 
Gold’ owing to the price it commands.7 The Convention for the Conservation of Antarctic 
Marine Living Resources (CCAMLR),8 the arm of the Antarctic Treaty System (ATS) 
that governs biological resource extraction from the Southern Ocean, contains founding 
articles upon which these economically valuable resources can be regulated while protect-
ing the integrity of the Antarctic marine ecosystem, all under conditions of rapid environ-
mental change. This chapter reflects on the difficulties this has presented in practice, and 
the severe challenges posed for the maintenance of both ecosystem- based management, 
and (the crux of the issue) the maintenance of the Antarctic marine ecosystem itself. 
Given the centrality of resource management and environmental protection in the wider 
regime of the ATS – and the core purpose and functions of CCAMLR – this situation is 
one of political, ecological and economic significance. Indeed, one might argue that what 
we are seeing in relation to our management of the Southern Ocean is a test of the bona 
fides of the ATS.

On the one hand, the Commission that oversees the Convention has been able to 
regulate the take of Antarctic krill (Euphausia superba) effectively and even implement 
ecosystem- based management (EBM). Success emanated from an early start initiated by 
SCAR (the Scientific Committee on Antarctic Research) through its BIOMASS program, 
which focused on Antarctic krill and its place in the ecosystem. The Commission’s success 
with krill may have been further facilitated by the dissolution of the Soviet Union in 1991. 
Until then, the Soviets had depleted many Antarctic fish stocks and were taking increasing 
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amounts of krill in a heavily subsidized effort. However with the breakup of the USSR, 
krill fishing dramatically decreased, giving the Commission time to investigate further the 
ways of EBM, then a largely untried concept in fisheries management. Further, krill was 
not a high- value or quality fish product. Fish farming and fish oil pills (both of which use 
krill) were not in demand as they are today, and thus catch rates remained low relative to 
stock biomass and relative to CCAMLR catch limits.9

On the other hand, CCAMLR was not prepared for the rapid development of the 
highly lucrative Antarctic toothfish fishery. While the CCAMLR Commission regulates 
the high seas10 krill catch in line with founding principles of EBM, regulation of most 
Patagonian toothfish (Dissostichus eleginoides) fisheries is facilitated by their location 
within Exclusive Economic Zones (EEZs) around sub- Antarctic islands (all outside of 
Antarctic Treaty jurisdiction).11 In contrast, the Commission’s regulation of the high seas 
Antarctic toothfish (D. mawsoni) fishery, in an Olympic or ‘race- to- fish’ style, is being 
exercised counter to EBM under the principles of a single- species maximum sustainable 
yield (MSY)12 strategy.13 While krill fishery management, in keeping with CCAMLR 
principles, includes extensive research on krill natural history and the effects of krill 
availability on the ecosystem, as well as independent assessment and monitoring of the 
stock and dependent species, the Antarctic toothfish fishery does not. Instead the single- 
species MSY strategy operates without basic information on Antarctic toothfish natural 
history. The Commission’s current efforts towards establishing MPAs could be a first 
step towards EBM for toothfish, including the encouragement for research using special 
research zones. But given the intense competition in the Ross Sea, which is the only large 
high seas Antarctic toothfish fishery in the CCAMLR area, invocation of EBM and the 
adoption of MPAs have stalled.

CONQUERING THE SEALS AND WHALES

Despite its remoteness and harsh conditions, humans have exploited the Southern Ocean 
beginning soon after James Cook reported an abundance of fur seals on South Georgia 
in 1775.14 As detailed by Hofman,15 British and American sealers exploited sub- Antarctic 
and Antarctic fur seals (Arctocephalus gazelle and A. tropicalis) for their furs, bringing 
them to the brink of extinction by the 1820s. Their demise was followed by southern 
elephant seals (Mirounga leonina) and king penguins (Aptenodytes patagonica), taken for 
their oil.16 These fur seal, elephant seal and penguin populations have since recovered.17

Perhaps due to their inaccessibility, true seals, all denizens of the Antarctic sea ice zone 
(crabeater, Lobodon carcinophaga; Weddell, Leptonychotes weddellii; Ross Ommataphoca 
rossii; and leopard, Hydrurga leptonyx), had not been the subject of exploitation, with the 
exception of brief  episodes by the Germans (1873), the Scots and Norwegians (1892–5), 
the British (early 1900s), and New Zealand (1960–80s). Then, in the aftermath of reduced 
harp and hooded seal populations in the North Atlantic in the 1960s, Norway led an 
experimental seal hunt in the Antarctic pack ice.18 Given the history of severe past over-
harvesting of pinnipeds, the Antarctic Treaty States responded by developing and signing 
the Convention on the Conservation of Antarctic Seals (CCAS) in 1972.19 CCAS was the 
first attempt among Antarctic Treaty States to address exploitation and was considered 
precautionary and pace setting in that it was drafted prior to large- scale seal harvest. In 
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another pace- setting move, to protect scientific research needed to understand seal natural 
history, it also set aside three reserves where no sealing would be allowed: McMurdo 
Sound, Edisto Inlet and Signy Island. Although CCAS allows the high seas commercial 
harvest of seals, providing guidelines under which sealing can be carried out, no State 
since 1987 has proposed a harvest. Thus the capacity in managing seals under CCAS has 
not been tested.

Southern Ocean whales befell the same fate as their fur and elephant seal counterparts: 
exploitation to the verge of extinction.20 The International Convention for the Regulation 
of Whaling (implemented by the International Whaling Commission, or IWC) came 
into force in 1948 as an effort to regulate the harvest of the world’s whales. As whale 
populations continued to plummet, environmentalists and scientists pushed for stronger 
protections, and in 1982 the IWC agreed on a moratorium, which came into force in 
1987; by 1994, the IWC designated the entire Southern Ocean as a whale sanctuary. The 
Antarctic minke whale (Balaenoptera bonaerensis), for which the harvest had yet to have 
serious population impacts before the moratorium went into force, appears to have fully 
recovered.21 Humpback whales (Megaptera novaeangliae) are recovering rapidly,22 while 
other Antarctic baleen whale species are showing little or very slow recovery (for example, 
blue whales Balaenoptera musculus).23 Despite the Southern Ocean’s sanctuary status, 
Japan has harvested minke whales under a scientific allowance granted by the IWC since 
1988.24 Due to IWC presence prior to the signing of the Antarctic Treaty and ancillary 
Conventions, the ATS has avoided the issue of whaling.

BRING IN THE MOTHERSHIP: THE RISE OF KRILL FISHING

Just as states were ratifying the Antarctic Treaty, which set aside the entire continent for 
the sake of peace and science, they were sending industrial fishing fleets to the Southern 
Ocean, depleting fish stocks in their wake.25 The Treaty, which came into force in 1961, 
applied to the lands and ice shelves south of 60°S, but gave no capacity to manage the 
region’s marine living resources. By the early 1970s, under the industrial harvest of 
the USSR and others, fisheries at northern insular shelves, such as Kerguelen, South 
Shetlands and South Georgia, reached their peak the same year or a few years after fishing 
initiation.26 Around these shelves, populations of marbled rockcod, mackerel icefish 
and grey rockcod were quickly depleted well below commercial viability.27 A quote from 
Kock28 describes the situation well

Their specific biological characteristics, such as slow growth rates and low fecundity, make 
Antarctic coastal fish particularly susceptible to overfishing. It is therefore not surprising . . . 
they were overexploited within a few years after the commencement of fishing, thus paralleling 
the history of whaling on a much shorter time scale as one of successive discovery, exploitation 
and depletion of each new stock.

Even after decades of no exploitation, marbled rockcod and other species remain at a 
fraction of their original biomass.29 But it’s worth noting that according to Heap30 the:

eruption of fishing activity in the Antarctic did not, as was the case with whaling, arise from 
the perception that the Southern Ocean was a preferred fishing ground. It arose because the 
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Soviet fishing fleet, one of the largest in the world, was being displaced from waters elsewhere 
as a result of developments in the [U.N.] law of the sea – 200- mile fishing zones and Exclusive 
Economic Zones [EEZs].

With the depletion of these Antarctic finfish, the USSR began industrial fishing for 
krill, joined soon by Japan. The British Discovery Expeditions 1920–1950s, conducted 
to determine the environmental variables affecting the natural history of whales in the 
Southern Ocean, revealed the extraordinary distribution and abundance of krill.31 The 
depletion of stocks of krill- eating whales following World War II led some scientists to 
hypothesize that there was a massive krill surplus (100 million tonnes (t) or more) that 
could provide an important source of protein for humans.32 While the USSR concen-
trated its efforts in the Scotia region (Area 48; Figure 27.1), Japan mainly fished off  East 
Antarctica (Area 58 and 88; Figure 27.1); other states participated to a lesser degree.33

While Soviet vessels were able to catch and process large amounts of krill (~500,000 t 
per season),34 finding a market proved difficult. As summarized by Ainley and Pauly,35 

Notes: Circles proportional to respective. Total Allowable Catch (TAC) in tonnes in 2015/16; transparency 
indicates under- utilization. Shaded circles around sub- Antarctic islands reflect delineated Exclusive Economic 
Zone (EEZ) boundaries generated prior to the signing of CCAMLR. Shaded squares indicate toothfish 
management area around South Georgia and South Sandwich Islands region, managed by the United 
Kingdom but contested by Argentina.

Figure 27.1  CCAMLR management areas and Total Allowable Catch (TAC) for 
toothfish and krill
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in most trawl operations, krill are smashed into pulp and the catch then has to be pro-
cessed immediately to avoid the rapid enzymatic breakdown releasing toxic fluorides. 
Thus krill has been more appropriate for fishmeal, rather than for human consump-
tion. Nevertheless, the Soviets continued to catch krill, especially in Area 48 until their 
country’s break- up in 1991, upon which remaining eastern- block governments ceased to 
subsidize fleets. The annual catch steeply declined to ~80,000 t, with Japan taking the bulk 
of the catch, although Russia, Ukraine and Poland continued fishing.36

In recent years, the main krill fishery has remained in Area 48, with the total annual 
catch being ~200,000 t. Japan continues to harvest krill, as well as South Korea and 
Norway, the latter now dominating the effort.37 Norway, a leader in fishing and process-
ing technology, has developed mechanisms for catching up to 800 t per vessel per day 
with their continuous pumping method. That technique also brings krill aboard alive and 
uncrushed, which enhances their market value.38 The value for krill products has also been 
increasing, particularly for their use in pharmaceuticals, especially omega- 3 fish oil sup-
plements. The interest by other states in the krill fishery has also been on the rise. China 
is the newest entrant, potentially wanting to harvest krill for direct human consumption, 
as well as for aquaculture.39

CATCHING UP TO CONSERVATION: THE RISE OF CCAMLR

Heeding the historical shadow of exploitation regulated only by market forces, the 
developing Antarctic krill fishery caused concern among Antarctic Treaty States about 
ecological impacts, particularly on depleted populations of krill- dependent whales and 
seals.40 Through the initial efforts of SCAR, the Treaty Parties negotiated CCAMLR, 
which entered into force in 1982. To fulfill its articles, the Treaty Parties established a 
regulatory Commission and a scientific advisory body (SC- CAMLR). Consistent with 
operational procedures of the Antarctic Treaty States, decisions by the Commission 
require a  consensus of all members.

CCAMLR applies to all marine organisms in the Southern Ocean, except for whales 
and seals, managed under IWC and CCAS, respectively. In line with its foundations in 
EBM, CCAMLR’s jurisdiction extends beyond the political 60°S boundary set by the 
Antarctic Treaty to include all waters south of the Antarctic Convergence (Figure 27.1). 
Many of the islands north of 60°S (but still within CCAMLR’s management zone) 
belonged to states having undisputed national sovereignty. Consequently, the Final Act 
of CCAMLR negotiations encouraged these states to comply with conservation meas-
ures adopted under CCAMLR, while recognizing their right to manage activities in their 
EEZs.

CCAMLR has been celebrated as a progressive leader in high seas management 
for its ideals in employing precautionary EBM.41 Unlike other high seas management 
organizations, in which the primary target is single- species fisheries, the explicit objec-
tive of CCAMLR was to conserve all Antarctic marine living resources, including the 
‘maintenance of the ecological relationships between harvested, dependent and related 
populations of Antarctic marine living resources and the restoration of depleted popu-
lations’.42 This, then, is EBM. Yet meeting the goal of EBM, particularly if  it stands to 
place  limitations on fishing in the Southern Ocean, has become politically challenging.
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While CCAMLR was founded with the goal of setting regulations for the growing krill 
fishery, a quota or limitation on krill was not agreed upon until 1991, almost ten years 
after CCAMLR came into force. Throughout that first decade, states actively discussed 
concerns about the krill fishery, including uncertainty about krill life history, abundance 
and distribution and its role in the ecosystem. However, whenever discussion of setting 
a limit arose, the main krill fishing states (Japan and USSR) ‘expressed the view that the 
introduction of precautionary limits on krill fishing in Subarea 48.3 was not yet justi-
fied because of the lack of estimates of the total biomass and potential yield.’43 Finally, 
during the 1991 CCAMLR meeting, States agreed by consensus to adopt a TAC for 
Antarctic krill in Area 48, and in the following year for Area 58 (Figure 27.1). By this time 
CCAMLR had also created its Ecosystem Monitoring Program (CEMP), which involved 
tracking the response of shore- based krill predators (for example, fur seals and penguins) 
to variation in krill availability. CEMP, one of CCAMLR Commission’s greatest accom-
plishments and management tools, provided a means for true EBM. Hypothetically, the 
fishery TAC could be adjusted based on any measured impact on krill predators.44

Amid the success of the Commission adopting its first conservation measures, the 
USSR was collapsing, potentially creating a political window of opportunity. With the 
elimination of subsidized krill fishing, catches swiftly declined, ceasing by 1995. As 
the USSR ceased fishing in Area 48, the preferred fishing grounds for krill, Japanese 
vessels shifted to that Area by the 1995 season.45 Of note is that the original krill TACs 
were set dramatically higher than catch levels, which may have also facilitated their adop-
tion. The TAC for Area 48, set at 1.5 million tonnes, was more than four times higher 
than the take in 1991.46 Also in Area 58, the TAC was similarly set dramatically higher 
than the catch.47 While a TAC persists in Area 58, no notifications to fish for krill have 
been submitted since the 1990s. Prior to adopting TACs for krill, the Commission’s earli-
est conservation measures involved closing many areas to fin- fishing (principally in Area 
48). However, closing these areas faced little resistance since fin- fishing was no longer 
economically feasible in those areas.

WHITE GOLD

Toothfish, including both Patagonian and Antarctic toothfish, are by far the largest fish 
species in the Southern Ocean, growing in excess of two meters and 140 kg.48 Typical 
of deep- dwelling fish, they are slow growing and late to mature,49 which increases their 
vulnerability to overfishing.50 However, toothfish went largely unnoticed from large- scale 
exploitation until the late 1980s when they were spotted in Chilean fish markets by an 
American merchant and branded as ‘Chilean sea bass’. Despite prices fetching upwards 
of $50/kg, demand rapidly accelerated in the USA, Europe and Asia.51 The fish had 
acquired a new name, ‘White Gold’. By the early 1990s Patagonian waters were opened 
to international fleets and toothfish swiftly became fully exploited.52 To pace the growing 
demand, fishing companies began searching for toothfish farther south. Populations of 
Patagonian toothfish were found around almost every sub- Antarctic and Antarctic island.

While the presence of Antarctic toothfish in the Ross Sea was well known within sci-
entific circles for decades,53 the first high seas toothfish fishery was developed in the Ross 
Sea (Area 88; Figure 27.1) by New Zealand, beginning in 1996. Catches swiftly increased, 
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and an increasing number of states participated. Currently the ~3,500 t TAC set by the 
CCAMLR Commission is now taken by approximately twenty vessels from a dozen coun-
tries. Because the Commission has not yet developed a management strategy for regulat-
ing fishing capacity, the Ross Sea fishery has grown more crowded, despite requests that 
member states exhibit restraint.54

In a search for more toothfish, member states continue to pursue actively explora-
tory fishing in other regions. In 2002, exploratory fishing began in the East Antarctic 
(Areas 58.4.1 and 58.4.2; Figure 27.1). Most recently, in 2012, despite strong advice from 
SC- CAMLR against fishing due to uncertain and potentially dangerous ice conditions, 
Russia initiated research fishing in the Weddell Sea (Area 48.5; Figure 27.1).55 Yet after 
two seasons, the reported toothfish catch data continue to be too anomalous to inform 
management decisions and the fishing in the Weddell Sea has been suspended.56

FISHING EFFECTS ON THE SOUTHERN OCEAN ECOSYSTEM: 
THE NEED FOR ECOSYSTEM- BASED MANAGEMENT

As noted by Ainley and Pauly,57 at least in regard to the coastal waters of the Scotia and 
Bellingshausen Seas, exploitation of the Southern Ocean began in the late eighteenth 
century matched very well the ‘fishing down the food web’ paradigm.58 Throughout the 
nineteenth and twentieth centuries, marine mammals were the first to be overexploited, 
followed by many species of fin- fish before fishing fleets shifted to krill. The fin- fish 
fishery experienced resurgence in the late 1980s when Patagonian toothfish from around 
South Georgia and other islands within the CCAMLR area were marketed and targeted 
by both legal and pirate fishing vessels.59 At Heard Island, repeating the pattern exhib-
ited elsewhere, toothfish catches quickly peaked and then declined, although they have 
stabilized.60 The Patagonian toothfish fishery at South Georgia, initiated at about the 
same time, has also seen diminishing return, with the size at maturity of fish decreasing in 
response to fishery pressure.61 Further south, just ten years after exploitation was initiated 
in the Ross Sea, the fishery has begun to take increasingly smaller fish, the median size of 
which fell below that of mature fish by 2012.62

The CCAMLR Commission has been fully engaged, quite successfully, in EBM with 
regard to the krill fishery. Management was facilitated by a large scientific database 
stemming from the early work by SCAR as well as subsequent research directed at krill63 
and CEMP. The Commission’s strategy abided by the EBM principles embedded in 
CCAMLR,64 justified by krill’s position as a critical forage species.65 The Commission’s 
target TAC allows fishing only to 75 per cent of krill spawning biomass,66 thus predating 
recent calls for such measures in other ‘forage fish’ fisheries.67 Even more precautionary, 
within Area 48, the 75 per cent trigger level is applied to small- scale management units 
to disperse krill take to minimize the risk of altering CEMP benchmarks among krill- 
dependent seals and birds. Despite recent increases in harvest, krill catches have yet to 
approach the exploitation levels of the 1970s and early 1980s.68 As stressed by Heap69 and 
others,70 the historical high exploitation of krill and fin- fish was a consequence of dis-
placed fishing fleets needing to fill their holds. The Antarctic was not a preferred fishing 
ground, at least not until the discovery of toothfish.

Despite its arguably successful record in managing the krill fishery, the CCAMLR 
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Commission was unprepared for the toothfish fishery, owing especially to its rapid 
development and complicated by the presence of illegal fishing vessels. Its manage-
ment of toothfish took on a single species MSY approach, with a goal of reducing the 
spawning biomass of various stocks to 50 per cent of pre- fished levels within thirty- five 
years.71 While an appreciable amount of information is known about the life history of 
Patagonian toothfish, thus to inform stock modeling,72 many knowledge gaps exist con-
cerning Antarctic toothfish biology and life history, including frequency of spawning and 
natural mortality at all life stages (especially eggs, larvae and juveniles). Despite decades 
of fishing Antarctic toothfish, little direct research is being undertaken, other than what 
can be learned from the commercial catch.73 Based on the decrease in the median size of 
fish in the catch,74 the Ross Sea fishery is already within the 95 per cent confidence limits 
of a 50 per cent reduction in spawning biomass.75 The Ross Sea ecosystem may be expe-
riencing adjustments to the loss of the large, neutrally buoyant fish, which are the prey 
of seals and whales and which compete with penguins, seals and whales for forage fish.76

Meanwhile overcapacity in an Olympic- style ‘race- to- fish’ scheme has already led to 
vessels exceeding the TAC in the Ross Sea fishery.77 It may also have contributed to the 
many fishing vessel accidents in recent years related to the weather and ice. South Korea 
lost two vessels and others have required rescue, as have UK and Russian vessels.78 In their 
first year of fishing for toothfish outside of their ice- free Heard Island EEZ, an Australian 
vessel in the 2015 season had to be rescued, as its propellers had been broken by the sea 
ice.79 The ‘Polar Code’, developed by the International Maritime Organisation (IMO), is 
set to enter into force in early 2017.80 This Code sets new standards for vessels operat-
ing in both Arctic and Antarctic waters. However, it does not apply to fishing vessels.81 
Further, consumer demand for toothfish continues to grow82 due to more toothfish 
stocks achieving the Marine Stewardship Council (MSC) eco- label, with other certifiers 
following suit, for example, Monterey Bay Aquarium’s Seafood Watch (SFW). These 
certifications were achieved despite substantial uncertainties concerning sustainability 
and ecosystem impacts of the fisheries.83 None of the certifiers have actually evaluated 
the fishery models, nor the data used in them, satisfied that CCAMLR’s Commission has 
done so adequately.84

MARINE PROTECTED AREAS AS A TOOL FOR ECOSYSTEM- 
BASED MANAGEMENT

Marine protected areas (MPAs) limit or prohibit human exploitation and have become an 
increasingly valuable instrument in employing EBM for the long- term health and sustain-
able use of oceans.85 To be effective, and especially in cases of high uncertainty or risk, 
MPAs must be large enough to protect key ecological processes and the life histories of 
resident animals.86 In addition to their large size, they should exclude or limit take, should 
be old (in place for longer than ten years), isolated and well enforced.87 Well- designed 
MPAs can help reveal the impacts of and identify potential adaptive responses to climate 
change, which is especially important in the Southern Ocean given that portions are 
 experiencing the most rapidly changing marine environments on Earth.88

MPAs have always been part of CCAMLR’s toolbox for employing EBM. Indeed, the 
Convention stipulates: ‘the designation of the opening and closing of areas, regions or 
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sub- regions for purposes of scientific study or conservation, including special areas for 
protection and scientific study.’89 However, recalling the precedents under CCAS (closing 
areas for science), general discussions of using MPAs did not commence until the 1990s.90 
Then in 2002, states at the World Summit on Sustainable Development (WSSD) called 
for the establishment of a network of representative MPAs throughout the world’s oceans 
by 2012.91 This international target has been extended to 2020 by states party to the 
Convention on Biological Diversity as part of the Aichi Biodiversity Targets.92 CCAMLR 
states committed to the WSSD goal in 2002, establishing an agenda item for discussing 
MPAs at future meetings.93

For the last decade, CCAMLR Member States have worked towards developing 
MPAs.94 In 2009, the Commission adopted its first MPA, a 94,000- km2 area south of the 
South Orkneys (Figure 27.2). That MPA prohibits all fishing activities and waste disposal 
and discharge from all vessels within its boundaries and allows for improved coordination 
of scientific research activities. Despite being a no- take reserve (the strictest classification 

Notes: Territorial claims are suspended from the signing of the Antarctic Treaty. The marine protected areas 
(MPAs) include areas adopted (South Orkneys) and those proposed at the 2015 CCAMLR annual meeting 
(Ross Sea Region, East Antarctic). MPA proponent states are listed in parentheses. MPA areas overlap 
or align with previously claimed areas, such as New Zealand’s Ross Dependency (Ross Sea MPA) and the 
territories claimed by Australia and France (East Antarctic MPA). Total area covered by approved MPAs is 
94,000km2 and by proposed MPAs is >2,000,000km2.

Figure 27.2  Boundaries of historic Antarctic claims and CCAMLR marine protected 
areas
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for an MPA), key areas of high species biomass and diversity were excluded so as not to 
interfere with current and prospective fishing.95 This set a problematic precedent for the 
establishment of meaningful MPAs elsewhere within the CCAMLR area.

Three MPA proposals were tabled in 2012, collectively amounting to more than four 
million km2, but thus far the Commission has failed to agree on any of them.96 One of 
the proposed MPAs, designed to protect the biota (for scientific study) around collapsing 
ice shelves, thus providing new habitat along the Antarctic Peninsula (put forward by the 
United Kingdom), was retracted in 2012.97 The two others, one in the Ross Sea (submit-
ted by the United States and New Zealand; Figure 27.2) and that proposing protection 
of several areas off  East Antarctica (originally submitted by Australia, later joined by 
France and the European Union; Figure 27.2), were proposed to protect biodiversity, as 
well as the structure and function of regional ecosystems. They included reference areas 
to gauge the impact of climate change and fishing on ecosystem change.98 None included 
the closure of current primary fishing areas.

Despite extensive negotiations during 2012–2015, CCAMLR has failed to adopt any 
further MPAs. While the South Orkneys MPA was laid out so that it provided no threat 
to fishing, the MPAs in the East Antarctic and the Ross Sea would still allow current and 
possible future fisheries. In an institution where fishing states now significantly outnumber 
non- fishing states, reaching consensus to limit fishing anywhere in the high seas portion 
of the Convention area has proved challenging.99 This may in part be due to the Antarctic 
being considered the most underexploited region of the worlds’ ocean. According to the 
FAO, almost 40 per cent of Antarctic fisheries are underdeveloped, while across the global 
oceans, almost 90 per cent of stocks are fully or over exploited.100 Even the CCAMLR 
Secretariat has promoted Southern Ocean fisheries as a sustainable global food source.101

Furthermore, many of the MPA proponents, including France, Australia and the 
United Kingdom, have EEZs (and associated MPAs) within the CCAMLR area. These 
states currently deliver the largest quantity of toothfish to the market and some, like 
France and Australia, fish almost exclusively in their sub- Antarctic EEZs (Figure 27.1).102 
The declaration of EEZs that harbor large stocks of toothfish within what would other-
wise be the high seas creates political tension that rises to the surface during discussion 
over MPAs. Two- thirds of the 15,000 t of toothfish caught in the CCAMLR area comes 
from EEZs. The majority of CCAMLR’s non- EEZ (or high seas) catches comes from the 
Ross Sea with a TAC of about 3,500 t per year. The remaining high seas toothfish fisher-
ies scattered throughout Areas 58 and 48 only allow for ~1000 t catches, total. CCAMLR 
states without access to the EEZs are forced to compete in the Ross Sea and to a lesser 
extent in these other small toothfish fisheries.103

Beyond its Heard Island EEZ, Australia also has legislation for an EEZ in the East 
Antarctic associated with its historic claim (Figure 27.2).104 While this EEZ and the land 
claims associated with it are not recognized by other states, proposing an MPA that has 
boundaries aligning with Australia’s territorial claim has raised concern among some 
members, voiced particularly by Russia, that MPAs are being used as a geopolitical 
tool rather than for conservation.105 The joint New Zealand and United States MPA is 
similar, having boundaries aligning with New Zealand’s claim of the Ross Dependency 
(Figure 27.2). New Zealand’s current plan, as noted, also includes the Balleny Islands, 
which New Zealand, in 1999, tried, unsuccessfully, to turn into an Antarctic Specially 
Managed Area with a sizeable associated marine area included. Some members viewed 
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this as an effort to strengthen its claim and control access to fisheries in the Ross Sea, in 
that it happened shortly after New Zealand initiated the fishery there.106 New Zealand also 
has legislation for the establishment of an EEZ in the Ross Sea, but it is written in such a 
way that it would only come into play if  the ATS disintegrated.107

CONCLUSION

To many scientists and conservationists,108 the Ross Sea is one of our last remaining 
ocean wildernesses. It has the largest known high seas populations of toothfish, and 
many other species. Given the continued uncertainty concerning Antarctic toothfish 
life history, population dynamics and ecosystem role, particularly in a rapidly changing 
ocean, the CCAMLR Commission faces a critical need and unprecedented opportunity 
to implement EBM for toothfish in the Ross Sea. Yet, the rise of toothfish fisheries, 
which likely contributed to the increase in CCAMLR fishing states, may be challenging 
the very definition of ‘rational use’ in the Convention.109 Seemingly, rational use is best 
defined operationally in the way that krill are being managed, that is, based on science and 
a large, detailed database involving not just the krill stock and climatic factors affecting 
its variability, but also dependent species consistent with the full obligations of Article 
II. During negotiations over MPAs, which threaten lucrative fisheries, some states have 
misinterpreted the meaning of “rational use” and its relationship to conservation.110

CCAMLR foundational documents define rational use as ‘wise use’, ‘keeping for future 
use’, or management that will ‘result in an equitable distribution of benefits between 
present and future users of the resource.’111 The idea, indeed duty, of ensuring that there 
are resources left for the future echoes the foundational values of the Antarctic Treaty in 
setting aside the continent for the sake of peace and science, forever.112

While the application of rational use seems unclear, CCAMLR explicitly states: ‘for the 
purposes of this Convention, the term “conservation” includes rational use.’113 However, 
in reviewing annual Commission meeting reports over the period 1982 to 2015, we have 
seen a significant transformation of the term ‘rational use’.

● From 1982 through 2000, conservation was primarily described as including rational 
use. Occasionally the relationship is described as conservation while allowing for 
rational use;

 ● By 2004, some states began to stress that conservation needed to be balanced with 
rational use;

 ● In 2008 and 2009, particularly over discussions of MPAs, it was stated that conser-
vation should not compromise rational use;

 ● In 2010 and 2011, the language shifted further, so that conservation must be  balanced 
with rational use and some states raised concerns that MPAs, as a  conservation tool, 
would prohibit, interfere with, or impact rational use;

 ● During MPA negotiations in 2012 and 2013, some states reiterated that conserva-
tion must be balanced with rational use, and further argued that MPAs must main-
tain and ensure rational use;

● In 2014 and 2015, some states took this a step further in stressing that MPAs must 
not impact, must accommodate and must not restrict rational use.
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Thus, rational use, once used and defined within the CCAMLR Commission as being a 
tool of EBM, is now used in juxtaposition to it. Thereby its original meaning may be lost – 
it has been redefined by stealth. This change in definition is at the core of CCAMLR’s 
mandate. The use of MPAs, which are included within CCAMLR’s original articles, 
independent of attempts to protect the planet’s biodiversity, have been shown repeatedly 
to be part of EBM and the Convention’s drafters recognized this.114

In the history of Southern Ocean exploitation, we see that sealers and whalers only 
reduced their take when populations collapsed and when demand diminished. Similarly, 
many Antarctic fin- fish species were fished to the point of collapse, with states ceasing 
fishing only when it became economically unfeasible to continue.

When it came to setting krill catch limits, the Commission was in a different position. 
The demand for krill was low relative to krill biomass. Regulation could get ahead of the 
demand. Thus, politically, there was a window of opportunity, somewhat similar to that 
provided by the seals convention coming into force before any resumption of sealing.

Yet, despite Southern Ocean MPAs providing an opportunity for EBM and contribut-
ing to rational use for toothfish, CCAMLR’s Commission may currently lack a political 
window of opportunity and the political will to reduce fishing for toothfish voluntarily 
while there are still fish to be found. There remains but a glimmer of hope that CCAMLR 
states have learned from the past and can manage toothfish rationally with the same 
standard and rigor that has been applied to krill. Unless they do, toothfish may share the 
fate of the seals, whales and other overfished fin- fish in the Antarctic.
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NOTES

 1. Fully exploited refers to a fishery operating at, or close to maximum sustainable yield, without room for 
further expansion. Over exploited refers to a fishery being harvested beyond a sustainable level and at a 
risk of stock collapse.

 2. Watson and Pauly 2001; Pauly et al. 2005.
 3. The Ross Sea is about 2,000 km from the nearest port in New Zealand.
 4. Ainley and Pauly 2013; Pauly et al. 1998.
 5. Halpern et al. 2008.
 6. FAO 2011.
 7. Grilly et al. 2015.
 8. 20 May 1980, 1329 UNTS 48.
 9. Kock 2007; Ainley and Pauly 2013.
 10. High seas refers to areas beyond national jurisdiction.
 11. These islands lie north of the Antarctic Treaty Area and are therefore not subject to the constraints 

around assertion of territorial sovereignty, generally the national sovereignty of these islands is 
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 undisputed– although Argentina contests the UK’s sovereignty over South Georgia and South Sandwich 
Islands.

 12. Maximum sustainable yield, or MSY, aims to harvest a population at the hypothetical point that main-
tains maximum population growth rate, thus theoretically providing the largest yield over an indefinite 
period of time. Further theory says that cropping the spawning stock to a theoretically determined level 
increases recruitment and growth of younger fish, and the fishery then fishes the, again, hypothetical 
‘surplus’ (that is, enhanced growth). Holt (2011), who developed and promoted MSY theory, now says it 
is the worst thing to have ever been foisted on fish stocks.

 13. Constable et al. 2000.
 14. Kock 2007; Hofman in press.
 15. In press.
 16. Kock 2007, Williams 1995.
 17. Laws 1994; Conroy and White 1973.
 18. Kock 2007; Hofman in press.
 19. 1 June 1972, 1080 UNTA 176.
 20. Tonnessen and Johnsen 1982; Kock 2007; Hofman in press.
 21. Branch 2006.
 22. Branch 2011.
 23. Branch et al. 2007.
 24. With the exception of the 2014/15 season, based on the ruling of the International Court of Justice that 

Japan should cease its scientific whaling. Japan resumed whaling in the 2015/16 season under a different 
scientific permit.

 25. Österblom and Folke 2015.
 26. Ainley and Blight 2009.
 27. In most cases to <20 per cent of initial stock, Ainley and Blight 2009.
 28. 1992, xiv.
 29. Kock 1992; Marschoff et al. 2012.
 30. Heap 1991, 49.
 31. Marr 1962.
 32. Mackintosh 1970.
 33. Ainley and Pauly 2013.
 34. Kock 2007.
 35. 2013.
 36. CCAMLR 1990a; CCAMLR 1990b; CCAMLR 2000.
 37. CCAMLR 2014.
 38. Nicol et al. 2012.
 39. Nicol et al. 2012; Chi et al. 2013.
 40. Hofman in press.
 41. Lodge et al. 2007; Diz Pereira Pinto 2013.
 42. CCAMLR, Article II.3(b).
 43. Report of the IX Meeting of the CAMLR Scientific Committee, 1990, paragraph 2.77.
 44. Agnew 1997.
 45. Kock 2007; Ainley and Pauly 2013; CCAMLR 2010.
 46. Krill harvest in area 48 in 1991 was 352,182 t (CCAMLR 2000); the agreed upon catch limit set by 

Conservation Measure 32/X Precautionary Catch Limitations on Euphausia superba in Statistical Area 
48 was 1.5M t.

 47. Krill harvest in area 58 in 1991 was 1329 t and in 1992 it was 0 (CCAMLR 2000); the agreed upon 
catch limit set by Conservation Measure 45/XI Precautionary Catch Limitation on Euphausia superba in 
Statistical Division 58.4.2 was 390,000 t.

 48. Eastman 1993.
 49. Parker and Grimes 2010.
 50. Norse et al. 2012.
 51. Knecht 2006; Grilly et al. 2015.
 52. Knecht 2006.
 53. Eastman 1993; Ainley et al. 2012a.
 54. Report of the XXXII Meeting of the Commission, 2013, paragraph 12.53; Report of the XXXIII Meeting 

of the Commission, 2014, paragraph 5.35.
 55. Report of the XXXI Meeting of the Commission, 2012, paragraph 5.37.
 56. CCAMLR XXXIII, paragraph 5.63–5.68.
 57. 2013.
 58. Pauly et al. 1998.
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 59. Kock 1992.
 60. Ainley and Blight 2009.
 61. Shust and Kozlov 2006.
 62. CCAMLR 2013.
 63. For example, UK studies in the Scotia Sea, US AMLR studies in the South Shetland Islands, US LTER 

studies along the Antarctic Peninsula and international studies such as GLOBEC.
 64. Holt and Talbot 1978.
 65. Hofman in press.
 66. Constable et al. 2000.
 67. Pikitch et al. 2012; Pikitch et al. 2014.
 68. Ainley and Pauly 2013.
 69. 1991.
 70. Kock 1992; Österblom and Folke 2015.
 71. Constable 2000.
 72. Collins et al. 2010.
 73. Hanchet et al. 2015; Ainley et al. 2016; Abrams et al. 2016.
 74. CCAMLR 2013.
 75. Ainley et al. 2012b; Abrams et al. 2016.
 76. Ainley and Ballard 2012; Ainley et al. 2012a; Lyver et al. 2014.
 77. CCAMLR 2012.
 78. Nature News 2012.
 79. Sydney Morning Herald 2015.
 80. See discussion of the Polar Code, Chapter 25 in this volume.
 81. IMO. 2014. International Code for Ships Operating in Polar Waters (Polar Code).
 82. Grilly et al. 2015.
 83. Christian et al. 2013.
 84. Abrams 2014.
 85. Lubchenco et al. 2003; Roberts et al. 2005; Lester et al. 2009.
 86. Gaines et al. 2010.
 87. Edgar et al. 2014.
 88. Jacobs 2006; Stammerjohn et al. 2012.
 89. CAMLR Convention, Art IX (2)g.
 90. Jacquet et al. 2015.
 91. United Nations. 2002. World Summit on Sustainable Development, Plan of Implementation, paragraph 

32(c).
 92. COP 10, Decision X/2 Strategic Plan for Biodiversity 2011–2020, Aichi Biodiversity Targets. Target 11 

calls for 10% of coastal and marine areas, especially areas of particular importance for biodiversity and 
ecosystem services, to be conserved through effectively and equitably managed, ecologically connected 
and well- connected systems of protected areas and other effective area- based conservation measures, and 
integrated into wider landscapes and seascapes.

 93. Report of the XXI Meeting of the Commission, 2002, paragraph 4.20.
 94. Brooks 2013.
 95. Ibid.
 96. Brooks 2013; Report of the XXXIV Meeting of the Commission, 2015.
 97. Brooks 2013; CCAMLR XXXI.
 98. Ibid.
 99. Brooks 2013.
100. FAO 2011.
101. CCAMLR. 2014. About CCAMLR. https://www.ccamlr.org/en/organisation/about- ccamlr.
102. Brooks 2013.
103. Lukin 2014.
104. Australia. 1994. Proclamation of the outer limit of the Exclusive Economic Zone.
105. Lukin 2014.
106. Hemmings 2013.
107. NZMFAT. 1977. Territorial Sea, Contiguous Zone, and Exclusive Economic Zone Act.
108. For example, resolutions made by IUCN in 2003 and the World Conservation Congress in 2005, 2009, 

2012.
109. Article II.2.
110. Jacquet et al. 2015.
111. Holt and Talbot 1978.
112. Preamble.
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113. Article II.2, emphasis added.
114. Article IX.2(g).
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