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1. Summary 

Antarctic krill (Euphausia superba Dana) are central to the Antarctic marine food web, as 

most organisms are either direct predators of krill or are just one trophic level removed 

from it.  Antarctic krill are among the world’s most abundant metazoan species, have 

been recorded as forming the largest aggregation of marine life and have been seen as 

offering great untapped fisheries potential.  

The distribution of Antarctic krill extends from the High Antarctic Continental Shelf 

north as far as the Antarctic Polar Front Zone, with centers of abundance in the Scotia 

Arc and some regions close to the continent in the Indian Ocean sector. The extended 

distribution of the species - approximately 36 million square kilometres- was behind the 

designation of the management area for CCAMLR.  

The central role of this species in the Southern Ocean marine ecosystem means that 

multi-species, rather than traditional, single-species fisheries management principles and 

approaches are necessary to take into account potential impacts on krill dependent 

predators and the wider Antarctic marine environment. The Convention for the 

Conservation of Antarctic Marine Living Resources (CCAMLR) is predicated upon an 

“ecosystem approach”, an important step in regards to fisheries management, 

scientifically and politically. 

Although krill catches in the Southern Ocean are still well below CCAMLR catch limits, 

there is a risk of competition between krill fishers and krill-dependent species. In 

addition, there are signs that a rapid phase of expansion of the fishery is about to occur. 

Yet CCAMLR lacks information from krill fishing states on key issues such as detailed 

catch data and comprehensive scientific observers’ reports. This information is urgently 

needed for CCAMLR to develop a management system for Antarctic krill that ensures 

that no irreversible changes on the ecosystem result, as required under the Convention’s 

Article II (c).  

Although scientific understanding of the distribution and abundance of krill is 

progressing, information about the critical relationship between krill and other species in 

the Antarctic marine environment is still limited. Further, there is insufficient information 

to enable assessment of the impact of environmental conditions such as climate change 

on krill populations and dependent species. 

ASOC is concerned that the popular perception of a massive abundance of Antarctic krill, 

the growing demand for krill products -mainly as aquaculture feed-, and restrictions on 

krill fishing elsewhere, could stimulate a rapid increase of the krill fishery with 

irreversible impacts on krill-dependent species in the Southern Ocean, before appropriate 
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management procedures are developed.  ASOC is particularly concerned that the fishery 

remains an exception to most basic regulations applied to other Southern Ocean fisheries.  

It is therefore imperative for CCAMLR to improve the current management of the krill 

fishery by taking the following measures: 

1. Subdivision of precautionary catch limits amongst SSMUs in the South 

Atlantic that ensures that fishing effort does not compromise krill 

availability for predators;  

2. Requirement of VMS for all vessels fishing for krill; 

3. Full scientific observer coverage on board krill vessels:  

4. Requirement of catch data reporting on a haul-by-haul basis; 

5. Requirement of submission of detailed fishing plans, and  

6. Enhanced coordination of scientific programmes related to krill. 

CCAMLR was a pioneer instrument establishing an ecosystem-based approach to the 

management of marine resources.  A great opportunity arises now for CCAMLR to 

become a 21st Century model for the full application of ecosystem management and 

provide a lead for other regional fisheries bodies. CCAMLR needs now to translate its 

basic conservation principles into flexible, effective management procedures that ensure 

the long-lasting health of the Antarctic marine environment, for the sake of future 

generations.  
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2. The Antarctic krill fishery 

Practically the entire Antarctic krill fishery occurs within the CCAMLR Area. The main 

geographical regions within the CCAMLR Area where krill has been historically 

harvested are off Kemp Land, off Wilkes Land (Subarea 58.4); and on the southwest 

Atlantic (Area 48). 

Interest in krill fisheries began in the 1960s, when a total catch of more than 150 million 

tonnes was projected, representing the so-called “krill surplus” caused by the great 

reduction in baleen whale stocks (Ichii, 2000). Another important factor in the 

development of the krill fishery was the declaration of 200-mile Exclusive Economic 

Zones (EEZs) in the late 1970s, which caused distant water fishing nations to turn to 

international waters for new fishing grounds (Nicol & Endo, 1999). 

In 2000, it was estimated that the amount of krill harvested until that date was around 

5.74 million tonnes, of which the former Soviet Union and two of its succeeding states 

(Russia and Ukraine) had taken almost 84%, and Japan 14.5%. More than 90% of the 

krill catch has come from the western Atlantic Ocean sector of the Southern Ocean 

(Kock, 2000).  

The highest krill catches occurred in the early 1980s, reaching over half a million tonnes. 

Problems in krill processing and rising interest in finfish caused a considerable decline in 

krill catches in the 1982/83 and 1983/84 seasons. From 1986 to 1991, annual catches 

stabilized at around 350,000 to 400,000 tonnes. In the following seasons, catches dropped 

again due to the break-up of the Soviet Union, which forced this heavily subsidised fleet 

to cease operations (Nicol & Endo, 1999). The Antarctic krill fishery has been relatively 

stable for the last decade with catches around 100,000 tonnes, but an increasing trend is 

clearly observed (table 1).  

In the first years of the fishery, krill catches were largely used for animal feed, 

particularly by countries of the former Soviet Union. Today, most krill is processed for 

aquaculture feed, bait and human consumption. The use of krill in aquaculture, as well as 

its potential utilisation in biochemical products, is generating an increasing interest in 

krill fisheries. 

In most recent years, almost all krill fishing vessels have been operating in the southwest 

Atlantic region, where the catch rate has historically been higher (50 -150 tonnes per 

vessel) (Nicol & Endo, 1999), and where the most predictable concentrations of krill are 

found (Miller & Agnew, 2000). In the southwest Atlantic, the fishery concentrates in less 

than 20% of the available area, in clear overlap with the main feeding grounds of krill 

predators (Croxall & Nicol, 2004). 

  



 4  

 

3. The future of the krill fishery and the use of new technologies  

Recent developments in the krill fishery and markets indicate that the anticipated 

expansion of the krill fishery might be about to occur (Nicol & Foster, 2003). 

Furthermore, increasing restrictions to access to krill fisheries in the Northern 

Hemisphere is very likely to intensify pressure on Antarctic krill stocks.  

At its XXIII meeting (November 2004), the CAMLR Commission was informed about 

the krill fishing plans of Member countries for 2004/05. In total, the projected krill catch 

for the season was 226,000 tonnes. Even though the Scientific Committee estimated that 

a total catch of 160,000 tonnes was a more reasonable expectation for 2004/05 (SC- 

CCAMLR 2004, paragraph 4.7), this would still constitute a 26% increase from the total 

catch in 2003/04 (118,166 tonnes) (CCAMLR, 2005).  

Particularly relevant is the entry of new countries in this fishery. For example, Russia has 

re-entered the fishery in this past season, harvesting Antarctic krill for the first time since 

1993/94. Also significant is the harvesting of large quantities of krill by a vessel flagged 

to Vanuatu, a non-Member to the CAMLR Commission. At the CCAMLR XXIII 

meeting (2004), it was manifest that Vanuatu had failed to comply with relevant 

CCAMLR conservation measures, such as the timely and complete submission of catch 

data (CCAMLR, 2004, paragraph 8.20). In spite of this, Vanuatu notified its plans of 

catching 60,000 tonnes of krill in the 2004/05 season. Vanuatu’s krill fishing raised 

serious concerns within the Commission related to the high level of intended catch, the 

capacity of this state to exercise proper flag jurisdiction, and reports that the Vanuatu-

flagged vessel may using new technologies about which CCAMLR bodies had no 

detailed knowledge. In view of all these facts, some Members classified Vanuatu’s 

fishing operations as IUU, and therefore not meeting the criteria for entering their 

national ports (CCAMLR, 2004, paragraphs 4.22- 4.26; 8.21) Research conducted by 

ASOC has confirmed that this vessel, the Atlantic Navigator -which has continued to 

operate during the 2004/05 season- belongs to the Norwegian-owned multinational 

corporation Aker Group (AKER ASA, 2004).1 This large, modern factory trawler -built in 

1996- is regarded as the most advanced vessel of its kind.2  

                                                        
1 According to company reports, the Atlantic Navigator is part of the fleet of Deepsea Division of the 

Norway Seafoods Group, with its roots in American Seafoods Company (ASC) in Seattle. The vessel is 

reported to have started a trial period of harvesting krill on charter to ASC South America.  
2 The Atlantic Navigator is one of the most disputed ships in the world. It triggered notable controversy in 

the mid 1990’s while fishing in Alaska under the name American Monarch, and promted opposition from 

environmental groups again when it was deployed to enter the already over-exploited fishing grounds of 

Southern Chile to fish for southern blue whiting and hoki (Patagonian grenadier). At that time, this vessel 

was reported to be capable of fishing and processing up to 1,200 tonnes of fish each day - more than any 
other fishing vessel in the world (Greenpeace, 1997).  
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Information gathered so far from different sources, indicates that the Norwegian feed and 

fishing industry is leading the technology developments in relation to the krill fishery. 

Norwegian industry representatives have expressed interest in exploiting Antarctic krill, a 

fishery that they believe to be economically profitable (NRK, 2005). Although there is 

practically no information publicly available on the techniques being used or being 

developed by krill fishing operators, ASOC has learnt that the company Gullvika AS -

specialized in fish meal and oil- is looking for business partners for catching and 

processing Antarctic krill into three main products: krill meal for salmon and shrimp 

feed; natural pigment for farmed salmon; and fat-free protein for the production of meat 

and milk. The business strategy for the proposed partnership is based on the use of new 

methods for catching and processing krill, including the catching and simultaneous on-

board processing of krill. As reported at CCAMLR XXIII, the new technology involves 

pumping the krill constantly from the trawl. Once on board, fresh krill is subject to 

hydrolysis, which avoids rapid deterioration of the krill, one of the main factors that has 

limited the catching capacity of fish trawlers until now. According to reports obtained 

from informal sources, catch projections might be in the order of 100,000 tonnes per year 

per vessel, and earnings might go up to US $ 2 million per vessel/year. 

In 2003, in view of the urgent need to receive accurate information from CCAMLR 

Members on their projections for krill harvesting, the Scientific Committee developed a 

pro forma for krill fishing nations that could be used to submit information about their 

fishing plans. As a result, the 2004 meeting of the Working Group on Ecosystem 

monitoring and management (WG-EMM, in charge of developing management advice on 

the krill fishery) was the first one to receive detailed plans from Members. The Working 

Group considered this information a very useful tool to make progress towards 

appropriate future management decisions (SC-CCAMLR WG-EMM, 2004, paragraphs 

3.4-3.6).  However, it is important to take into account that submission of this kind of 

information is only voluntary and any Member could stop providing this information to 

CCAMLR at any time. 

 

4. The growing market for krill products 

The main driving factor of the anticipated expansion of the krill fishery is the increasing 

demand for krill products, particularly for aquaculture feeds. CAMLR’s Commission has 

highlighted the importance of identifying the market factors critical to the krill fishery 

and evaluating how these factors might be monitored to assess the potential development 

of the fishery (CCAMLR, 2002, paragraph 4.27).  

Aquaculture, especially salmon farming, is experiencing an important scarcity of feed 

supply. The fish farming industry already uses up around 75% of the world’s fish oil and 

around 40% of the world’s fish meal. By 2010, these figures might go up to 90% and 
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56% respectively, according to predictions by the International Fish Meal and Fish Oil 

Manufacturers Association (IFOMA).   FAO has indicated that, by 2010, farmed salmon 

and trout alone could consume 620,000 tonnes of fish oil (Staniford, 2002). With demand 

exceeding supply and rising prices, this fish product has been labelled “the new blue 

gold” (Staniford, 2002). 

This lack of supply, along with increasing concerns over contaminants in aquaculture 

feeds, is leading the industry to urgently seek feeding alternatives. An adequate substitute 

for wild fish has not yet been found.3  Krill demand as aquaculture feed is likely to 

increase due to its excellent value as nutrient source for farmed fish and crustaceans 

(protein, energy, essential amino acids). Other outstanding properties of krill are its 

natural pigment content, its palatability, its low content of pollutants, and its likely 

improvement of larval fish survival.  These attributes make krill a more attractive feed 

than potential competitors such as squid meal, clam meal, artemia soluble, and fish 

soluble (Sclabos, 2003). 4  

Taking all this into account, the prospects for a growing demand and rising prices for 

krill-based products are very high.  In addition, an increasing interest in developing 

pharmaceutical products from krill has been observed. These might become high-value 

by-products that could contribute to the profitability of the fishery (Nicol & Foster, 

2003).  Antarctic krill stocks in the Southern Ocean are the most obvious source for krill.  

In light of these developments, an expansion of the Antarctic krill fishery seems 

inevitable.  

 

5. CCAMLR’s Management of Antarctic Krill 

5.1 Precautionary catch limits 

Krill fishing has been central to CCAMLR since its inception. The rapid expansion of the 

krill fishery in the 1970’s and concerns that a species which plays such a critical role in 

the Antarctic marine ecosystem might be rapidly over-exploited, contributed to the sense 

of urgency that shaped the establishment of the Convention (Miller & Agnew, 2000). 

The key role of krill in the Antarctic ecosystem also influenced the basic principles 

embraced by CCAMLR in its Article II. The Convention was the first international 

fisheries arrangement to incorporate the ecosystem and precautionary approaches as basic 

                                                        
3 Vegetables feeds, such as soya or seaweeds, are being used in salmon and cod farming but a problem 

exists regarding the final taste of the farmed fish when these products are utilised.   
4 An attribute that is particularly likely to increase krill’s potential is its high concentration of Omega 3 

fatty acid, which improves the natural Omega 3 content of farmed fish fed with diets containing krill 

(Sclabos & Toro, 2003).  In the salmon farming industry, PCB contamination in the fish meal that has been 

traditionally used is also leading the industry’s attention to krill. For example, the Norwegian Institute for 

Marine Research has found that krill is a viable alternative to fish oil, with less PCBs because of its lower 

position in the food chain. A Chilean research organization, called “Fundación Chile”, has also highlighted 
the advantages of Antarctic krill as aquaculture feed for the salmon industry (Ecoceanos News, 2004).  
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principles.5 The ecosystem approach has imperative implications for CCAMLR’s 

management of the krill fishery. There is a need to consider not only krill as target 

species but also a subset of dependent species, including seabirds and seals, which are 

monitored by the CCAMLR Ecosystem Monitoring Program (CEMP).6 The CEMP 

assessment of the impact of krill fishing on dependent species is to be integrated into 

long-term management procedures so as to allow the continuous adjustment of relevant 

measures in response to new information. This long-term strategy has been described as 

“feedback management” (Constable et al., 2000).  

In the interim, CCAMLR has recognised that precautionary decisions need to be adopted 

to take into account existing uncertainties. This “predictive approach” is opposed to 

reactive management where decisions are made only in reaction to overwhelming 

evidence for the need to take action (Constable, 2002). 

Having adopted the ecosystem approach, CCAMLR recognised that when looking at 

large-scale interactions (at statistical division or subarea), it was necessary to develop 

models to estimate appropriate levels of krill harvesting or yield, that would account for 

predator needs.  It was concluded that the Maximum Sustainable Yield model (MSY) was 

inappropriate to set adequate catch levels of krill since it assumes stability in natural 

systems, considers the exploited stock as coming from a single species, and relies on a 

predictable relationship between stock size/growth and fishing effort.  MSY does not 

account for interactions between exploited stocks and other species, which is crucial to 

address the objectives of Article II of CCAMLR. 

To take into account the needs of krill dependent species, more conservative reference 

points than the ones commonly applied in a single-species fisheries management were 

adopted (Miller & Agnew, 2000). In 1990, CCAMLR’s Scientific Committee identified 

general operational management principles for setting catch limits for krill that were 

subsequently endorsed by the Commission: (i) aim at keeping krill biomass at a level 

higher than would be the case for single-species harvesting considerations and, in so 

doing, to ensure sufficient escapement of krill to meet the reasonable requirements of 

predators; (ii) focus on the lowest biomass that might occur over a future period, rather 

on the average biomass at the end of that period, as might be the case in a single-species 

context; and (iii) ensure that any reduction of food to predators which may result from 

                                                        
5 The precautionary principle is embodied in Article II (c) of the Convention, as the “prevention of changes 

or minimisation of the risk of changes in the marine ecosystem which are not potentially reversible over 

two or three decades, taking into account the state of available knowledge of the direct and indirect impact 

of harvesting, the effect of the introduction of alien species, the effects of associated activities on the 

marine ecosystem and of the effects of environmental changes, with the aim of making possible the 

sustained conservation of Antarctic marine living resources”. The ecosystem approach is formulated by 

Article II (b) of the Convention as the need to maintain the ecological relationships between harvested, 

dependent and related populations of Antarctic marine living resources, and to restore depleted populations. 
6 Established in 1985, the main goal of the CEMP is to monitor the effects of fishing on both harvested 

species (target species) and dependent species (predators), so as to assist CCAMLR in its task of regulating 

the commercial harvesting of Antarctic marine living resources in accordance with the “ecosystem 
approach” embodied in Article II (www.ccamlr.org). 
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krill harvesting does not disproportionately affect land-breeding predators with restricted 

foraging ranges as compared to predators in pelagic habitats (Constable, 2002). 

In order to provide precautionary limits for krill catches, CCAMLR designed a “Krill 

Yield Model” (KYM). The KYM was developed after the second meeting of the 

CCAMLR Working Group on Krill (WG-Krill) in 1990, as a response to concerns raised 

about the level of krill exploitation in Subarea 48.3. 

CCAMLR first established catch limits for Antarctic krill in its X meeting in 1991. Due 

to difficulties in defining krill stock boundaries,7 a practical approach was adopted, which 

lead to the establishment of catch limits for areas where the fishery was known to be 

primarily located. These were Subareas 48.1, 48.2, 48.3 and to a lesser degree, 58.4. 

Coincidently, these Subareas, especially 48.1 and 48.3, include large colonies and 

breeding sites of land-based krill predators (Miller & Agnew, 2000). 

In summary, krill catch limits have been adopted in Areas 48 (Atlantic sector of the 

Southern Ocean) and 58.4 (Indian Ocean sector), covering just over 51% of the 

CCAMLR Area.8 The current precautionary catch limit for krill in the Atlantic sector of 

the Southern Ocean is established by CCAMLR’s Conservation Measure 51-01 (2002), 9 

which subdivides the overall limit of 4 million tonnes into lower limits for the following 

Subareas:  

- Subarea 48.1: 1,008 million tonnes 

- Subarea 48.2: 1,104 million tones 

- Subarea 48.3: 1,056 million tones 

- Subarea 48.4: 0.832 million tones 

These precautionary catch limits are complemented by the provision that, if the total 

catch in Area 48 in any fishing season exceeds 620,000 tonnes, the limits would be 

subdivided into smaller management units following the advice of the Scientific 

Committee. This so-called “trigger level” which directs the Commission to subdivide the 

overall limit into smaller areas, is expected to allow proper management of krill stocks in 

anticipation of a rapid expansion of the fishery (www.ccamlr.org). 

                                                        
7 The difficulty to delineate boundaries for krill stocks in the Southern Ocean has been related to the lack of 

sufficient knowledge of the extent in which krill are resident in various areas, or are transported between 

these areas by the eastward flowing Antarctic Circumpolar Current (Miller & Hampton, 1989). 
8 These were first established at 1.5 million tonnes for area 48, and 390,000 tonnes for Subarea 58.4 (Nicol 

& Endo, 1999).  
9 With regard to the Indian Ocean, precautionary catch limits for krill fishing in this area are established by 

Conservation Measures 51- 02 and 51- 03 (2002). According to Conservation Measure 51- 02, the total 

catch limit for krill in Statistical Division 58.4.1 shall be 440,000 tonnes, which is subdivided as follows: 

277,000 tonnes west of 115ºE, and 277,000 tonnes east of 115ºE. Conservation Measure 51- 03 sets the 

precautionary catch limit in Statistical Division 58.4.2 at 450,000 tonnes. Both measures are to be kept 
under review by the Commission, taking into account the advice of the Scientific Committee. 
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Krill catch data over the last years have shown that the major proportion of krill is taken 

in shelf or shelf break areas. These areas coincide with the foraging grounds used by 

land-based predators, like penguins, to obtain food to rear their offspring.  Therefore, in 

spite of the subdivision of the overall catch limit for krill in the Atlantic sector of the 

Southern Ocean into subareas, concern remains about the localised impact that large 

fishing effort concentrated in small parts of a subarea may have on krill populations and, 

particularly, on land-breeding predators.   

In 2002, endorsing advice from the Scientific Committee, the Commission subdivided the 

subareas in Area 48 into 15 smaller units for the management of the krill fishery (Small-

Scale Management Units or SSMUs). The Commission also directed the Scientific 

Committee to consider how the krill catch limit could be allocated among these SSMUs 

(CCAMLR, 2002, paragraph 4.6).  

As acknowledged by the Commission, these newly-defined SSMUs are key for the 

development of management procedures for krill fisheries that can adequately account for 

localised effects on krill predators. The Scientific Committee, and particularly the WG-

EMM, is now given the task of providing advice to the Commission on how to subdivide 

existing precautionary catch limits amongst SSMUs. See section 8 of this paper for an 

analysis of this issue.  

 

5.2 Other CCAMLR measures applicable to krill fishing  

The Antarctic krill fishery is subject to some of the general requirements that are 

applicable to all CCAMLR fisheries. For example, Conservation Measure 10-01 (1998) 

establishes that Contracting Party vessels licensed to fish in the CCAMLR Area must be 

marked in such a way that they can be readily identified according to international 

standards. Conservation Measure 10-02 (2001) sets up general licensing and inspections 

requirements for vessels fishing in the Convention Area.  According to this measure, only 

vessels holding a license that specifies fishing areas, species and time periods, are 

allowed to fish in the CCAMLR Area.  Contracting Parties are required to provide details 

of the licences issued to the Secretariat. Conservation Measure 10-02 includes also 

minimum inspection requirements of vessels by the flag state at departure and arrival 

ports, in order to ensure compliance with CCAMLR conservation measures.  

 

Reporting requirements  

Prior to 2002, the krill fishery was the only CCAMLR fishery that did not require 

mandatory submission of detailed catch and effort data. Until then, submission of CPUE 

and associated data was only voluntary (CCAMLR, 2002, paragraph 4.27). 

In 2002, the Commission responded to calls from the Scientific Committee that more 

detailed data for krill fisheries was needed and, therefore, the reporting requirements for 
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the krill fishery were revised.  Consequently, Conservation Measure 23-06 (2002) was 

adopted, establishing a data reporting system for krill fisheries. According to this system, 

krill catches are to be reported to the Commission on a monthly basis. In addition, 

Contracting Parties shall obtain from their vessels fine-scale catch and effort data for each 

season, to fulfil the requirements of a CCAMLR official “trawl fisheries form”.  Parties 

are further required to aggregate these data by 10 x 10 n mile rectangle and 10-day 

period, and transmit those data to CCAMLR’s Executive Secretary by April 1st of the 

following year. 

Conservation Measure 23-06 was revised again by CCAMLR-XXIII. The measure now 

contains a reference that monthly catch and effort reports be submitted to the CCAMLR 

Secretariat in accordance with the deadlines established by Conservation Measure 23-03 

for monthly catch and effort reports. This means that flag states are now required to 

obtain catch data from its vessels at the end of each reporting period (one month), and 

submit these reports to the Executive Secretary no later than the end of the next reporting 

period. 

Despite these new reporting requirements, more detailed information on the krill fishery 

is needed. The Commission, the Scientific Committee, and the WG-EMM have 

repeatedly stated the need to obtain haul-by-haul data on krill fishing operations in order 

to be able to take adequate management decisions, or give informed advice. For example, 

according to the WG-EMM, haul-by-haul data for a number of years are needed for 

examining trends in krill distribution abundance. 10  

 

Monitoring, Control and Surveillance (MCS) 

CCAMLR’s MCS regime is very weak when it relates to the krill fishery. For example, 

CCAMLR does not currently require the presence of scientific observers on vessels 

fishing for krill in the Convention Area. Although CCAMLR has designed a “Scheme of 

International Scientific Observation”, there is no conservation measure making it 

compulsory for krill fishing. CCAMLR conservation measures require the presence of 

scientific observers on board vessels participating in other fisheries - such as toothfish, 

icefish or crab- but the krill fishery constitutes an exception to this rule. 11 

The same can be said about the requirement that fishing vessels operate an automated 

satellite-linked Vessel Monitoring System (VMS). Conservation Measure 10-04 (2002), 

requiring Contracting Parties to monitor the position of all of its fishing vessels licensed 

                                                        
10 In relation to this point, the Scientific Committee has explicitly recommended requiring reporting of 

haul-by-haul data by 10-day periods once the precautionary catch limit for krill in Area 48 is subdivided 

among SSMUs. The Commission has echoed this requirement (CCAMLR, 2002, paragraph 4.9).  
11 The WG-EMM has suggested several changes to CCAMLR’s “Scientific Observers Manual” in order to 

incorporate relevant data for the krill fishery, as well as the use of electronic logbooks as a key tool for the 
collection and submission of data. (SC-CCAMLR WG-EMM, 2003, paragraphs 3.38-3.45). 
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to fish in the Convention Area via a VMS, is applicable to all CCAMLR fisheries except 

for krill.  

 

6. Ecological concerns: impact on dependent species 

CCAMLR conservation measures for Antarctic krill cannot currently ensure that no 

irreversible impact on the ecosystem occurs as a result of fishing.  Although current krill 

harvesting levels are still well below established catch limits, these limits are set for large 

areas of the ocean and do not take into account the ecological relationships between krill, 

dependent species and fishing operations, which occur at much smaller scales (Croxall & 

Nicol, 2004; Constable & Nicol, 2002).  

Available data indicate that the current fishery for krill coincides almost entirely within 

the foraging ranges of land-based predators (Constable & Nicol, 2002). For example, it 

has been documented that in the South Orkney and South Shetland Island areas, the 

fishery operates consistently in the same places where the main feeding grounds of krill-

dependent breeding penguins and fur seals are located.  

Available data indicate that 66% of the krill harvest in Subareas 48.1, 48.2 and 48.3 

between 1993 and 2002 have been removed from only three of the existent 15 SSMUs 

(Antarctic Peninsula Drake Passage West; South Orkney West; South Georgia East), and 

another three adjacent SSMUs bring the proportion up to 90% (see table 2). This is 

significant because these areas contain large land-based predator populations. On the 

contrary, available data show that pelagic SSMUs have concentrated considerably smaller 

levels of catches for the last decade and also known to be operationally less desirable for 

fishing (Hewitt et al., 2004). 

Good evidence exists for potential competition for krill between fishing vessels and krill 

predators. This evidence is especially based on consumption rates in local areas and at 

particularly critical times of the year for predators (SC-CCAMLR WG-EMM, 2003, 

paragraph 5.23). Consequently, a significant risk of excessive quantities of krill being 

removed from local areas exists, with potential associated impacts on dependent species.  

CCAMLR scientists have acknowledged that the potential for localised effects of the krill 

fishery on predators is great unless harvest controls are established for smaller areas and 

not just for large harvesting units, as is currently the case (Constable & Nicol, 2002).  

In relation to this issue, the Scientific Committee has acknowledged difficulties in 

determining whether changes in the ecosystem are caused by fishing operations or by 

environmental factors. A key issue for CCAMLR is the need to develop a management 
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procedure for the krill fishery that adequately takes into account these uncertainties on the 

basis of precaution. 12  

Seasonal and geographical factors are key in relation to the potential competition between 

krill vessels and predators.  For example, the impact of high krill catches taken in a small 

area, close to land-based predator colonies, has been related to krill availability, which 

may vary from year to year. It is also important to consider that concentrated fishing may 

have its maximum impact on predator breeding success, when fishing takes place on the 

immediate foraging area and at the critical breeding time. In the Antarctic Peninsula, 

there is a summer fishery at the same time and in the same places as penguins and seals 

are foraging to rear their young. 13 

In the South Atlantic (Area 48), Conservation Measure 51-01 establishes that current krill 

catch limits shall be subdivided amongst SSMUs whenever the total catch in Area 48 

exceeds 620,000 tonnes (the so-called “trigger level”). The question arises whether this 

trigger level is appropriate to avoid competition between krill vessels and predators in 

local areas, considering the concentration of catches in small sections of the existing 

Subareas that is already taking place. Another key issue is related to the important 

scientific uncertainties and fishery-related information gaps that CCAMLR needs to 

address as a matter of urgency, in order to ensure that any management decision taken in 

relation to small-scale units are based on solid science. In order to be fully consistent with 

the precautionary principle embraced by the Convention, and in the absence of sufficient 

information, CCAMLR should consider avoiding a significant expansion of fishing effort 

until it can be ensured that no irreversible impacts on krill-dependent species occurs as a 

result of fishing.  

A central factor in relation to the question above is how fast the krill fishery will expand 

in the near future.  In spite of the little information publicly available on industry 

developments, there is a clear growing trend in krill harvesting. This trend is a matter of 

concern for CCAMLR scientists.  For example, at the 2003 meeting of CCAMLR’s 

Scientific Committee, the view was expressed that if the projected rate of increase were 

to continue, the trigger level of 620,000 tonnes in Area 48 could be reached in five to six 

                                                        
12 The Scientific Committee has acknowledged that the current design of the CEMP may never allow these 

different factors to be satisfactorily distinguished. It has been suggested that a method that may assist in 

overcoming this problem is to establish an experimental fishing regime whereby fishing could be 

concentrated in local areas in conjunction with appropriate predator monitoring programs (SC-CCAMLR, 

2003, paragraph 3.12). 
13 Another factor that has been related to potential impacts of the krill fishery is the seasonal constraints 

affecting the fishery linked to the expansion of iced areas around the Antarctic.  In summer, krill fishing 

can spread out around many of the subantartic islands and the Antarctic continent and therefore, fishing 

pressure can be distributed to minimise local excessive impacts. On the contrary, in winter, the fishery is 

limited to small areas around South Georgia, where waters are generally ice-free.  If the fishery operates 

all-year round, a conflict arises between maintaining the fishery and ensuring that winter catches in South 
Georgia remain at sustainable levels (Nicol & Endo, 1999). 



 13  

years, and that “the fishery may start to expand faster than the capacity of the Scientific 

Committee to provide management advice” (SC-CCAMLR, 2003, paragraph 4.5).   

Another emerging concern in relation to the impacts of the krill fishery on the ecosystem 

is the high marine mammal by-catch rate incurred by krill vessels. According to 

CCAMLR’s Scientific Committee, reports from voluntary observers on board six krill 

vessels during the 2003/04 fishing season recorded entrapment of 292 Antarctic fur seals 

by these vessels in that fishing season only. One single vessel had caught as many as 154 

seals, of which 142 were killed (SC-CCAMLR, 2004, paragraph 5.35). Full observer 

coverage on board krill vessels is urgently needed in order to evaluate the magnitude of 

this problem, and to develop exclusion devices that minimise marine mammal 

entrapments. 14 

 

7. Effects of environmental conditions on Antarctic krill stocks 

The low recruitment rates for krill observed in recent years are troubling. Possible long-

term changes like global warming or ozone depletion could have significant effects at the 

individual or population level of euphausiid species. Ultraviolet-B radiation is another 

variable that might affect near-surface krill concentrations and increase mortality rates, 

leading to a reduction in recruitment success and overall krill biomass (Siegel, 2000).  

Krill population dynamics seem to be affected by sea ice conditions at different levels.  

For example, a relationship has been found between krill recruitment and sea ice 

coverage. Generally, favourable sea ice conditions allow for early reproduction that leads 

to a successful spawning event in the summer.15  Long sea ice cover and a large spatial 

extent of it during winter are favourable conditions for an early onset of the spawning 

season.  An observed increase in air temperature over the Southern Ocean, affecting sea 

surface temperature and sea ice conditions, could affect krill recruitment and krill stock 

size.  

A recent study conducted in relation to the southwest Atlantic - which contains more than 

50% of the Southern Ocean krill stocks - has found a significant decline in krill density in 

this area since the 1970s. The results of the study show that summer krill densities 

correlate to both the duration and the extent of sea ice the previous winter. It was found 

that sufficient winter ice in the Antarctic Peninsula and Southern Scotia Arc, which are 

major spawning and nursery areas, affects krill density across a whole ocean basin, 

including areas north of the Seasonal Ice Zone (Atkinson et al., 2004).  

                                                        
14 Juvenile and larval fish by-catch by the krill fishery is also a potential problem, but available information 

is currently insufficient to allow CCAMLR’s Scientific Committee to assess the magnitude of the issue 

(Nicol & Endo, 1999).  
15 Individual regions of the Southern Ocean show significant inter-annual variability in ice coverage. For 

example, marked differences in ice coverage between the Antarctic Peninsula region and the Indian Ocean 

sector are frequently seen.  Consequently, krill recruitment indices for different sub-regions of the Southern 
Ocean need to be estimated and interpreted separately (Siegel, 2000). 
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The Western Antarctic Peninsula is one of the world’s fastest warming areas, and winter 

sea-ice duration is shortening in this area. Consequently, a significant finding is that key 

spawning and nursery areas of krill are located in a region that is particularly sensitive to 

environmental change. Changes in krill density, affecting a wide extent of the Southern 

Ocean, are thought to have profound implications for the Southern Ocean food web and 

predator balance (Atkinson et al., 2004). 

In summary, changes in sea ice coverage, temperature increases and the ozone hole all 

may impact heavily upon Antarctic primary production and krill populations – with 

subsequent risks and impacts for the entire Antarctic ecosystem.   The cumulative 

impacts of climate change and resource extraction need to be carefully considered when 

CCAMLR develops management models for krill, and speak in favour of keeping a 

strong focus on precautionary decisions, in view of the degree of uncertainty involved. 

 

8. Allocation of catches among small-scale areas: the need for precautionary 

decisions 

Since the establishment of SSMUs in 2002, CCAMLR’s WG-EMM has been considering 

how the current catch limit for Area 48 (4 million tonnes) should be subdivided among 

these SSMUs. At its 2004 meeting, five possible options for subdivision were presented. 

These options, as described by a paper tabled at the meeting (Hewitt et al., 2004), are the 

following:  

(i) subdividing the catch limit in terms proportional to the historical catch in each 

SSMU; 

(ii) subdividing the catch limit in terms proportional to the estimated predator 

demand in each SSMU; 

(iii) subdividing the catch limit in terms proportional to the estimated standing 

stock in each SSMU; 

(iv) subdividing the catch limit in terms proportional to the standing stock less 

predator demand in each SSMU; 

(v) subdividing the catch limit using a dynamic allocation based on land-based 

predator monitoring conducted just prior to, or early in, the fishing season.  

Similarly to what happened at its meeting in 2003, members of the WG-EMM were 

unable to reach a decision at its 2004 meeting on the best option for allocating krill 

catches to the different SSMUs (SC-CCAMLR WG-EMM, 2004, paragraph 5.56).  

There are some important considerations to be made in relation to these options for the 

subdivision of catches among SSMUs in Area 48: 
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- These options have been developed on the basis of the following assumptions: 

(i) harvesting methods will remain the same as those currently employed; (ii) 

mitigation measures to reduce fisheries by-catch are adequate; (iii) current 

seasonal and geographic pattern of catches remains the same; (iv) transport of 

krill between SSMUs remain constant; (v) climate-induced changes to the 

ecosystem are negligible. As described in section 3 of this paper, there is little 

information available on harvesting methods currently being used in krill 

harvesting and yet, important industry developments are taking place that 

question the reliability of assumption (i).  Assumption (ii) is affected by the 

lack of consistent, complete information in relation to by-catch in the krill 

fishery, since observer coverage is still insufficient. Important uncertainties 

affect also assumptions (iii)- (v) – note, for example, the recent assessments of 

the effects of climate change on krill populations, reflected in section 7 of this 

paper.  

To conclude, there are important uncertainties around all these assumptions 

that need to be seriously addressed when considering management options for 

krill. For CCAMLR, the consequence of these uncertainties should be that the 

most precautionary management options are selected. It is also imperative for 

CCAMLR to address these uncertainties, by requiring key information from 

the fishery that is currently lacking (scientific observation; harvesting 

methods) and by giving priority to coordinated scientific research on relevant 

issues such as krill transport between SSMUs, or the potential impacts of 

climate change on krill populations. 

- When describing the five allocation options above, the Hewitt et al. paper 

offers a noteworthy assessment of the potential consequences of choosing 

between these options, from the point of view of their consistency with 

CCAMLR principles. It is clear from this assessment that some options are 

more precautionary than others, and therefore, less likely to contravene the 

terms of the Convention. For example, if option (i) were chosen, an expansion 

of the fishery would result in a higher concentration of catches in the areas 

that so far have concentrated a higher proportion of krill catches. Taking into 

account that these areas overlap with the foraging range of krill predators, this 

option would entail a high risk of impacting krill-dependent species. 16 In 

contrast, options (iv) and (v) take into account the requirements of krill 

dependent species for establishing allocations. In view of the ecosystem 

approach embraced by the Convention, CCAMLR should give priority to 

                                                        
16 In their paper, Hewitt et al. also underline the fact that, in the event that this option is chosen and that an 

expansion of the fishery occurs, the possibility of detecting impacts on krill-dependent species would be 

limited as CEMP monitoring sites only exist at two of these three SSMUs that concentrate a higher 
proportion of krill catches.   
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these options, while addressing the uncertainties currently affecting predator-

prey relationships on a precautionary basis. 

- In their description of the five allocation options outlined above, Hewitt et al. 

make some important considerations in relation to the possibility that certain 

areas should be closed to krill fishing for different reasons. For example, 

under the allocation options that explicitly take into account predator needs - 

options (iv) and (v) above- the SGW (South Georgia West) SSMU would need 

to be closed to krill fishing because, in that area, estimated predator demand 

already exceeds the estimated standing stock for krill. This is a very worrying 

finding that should be seriously considered by CCAMLR in its ecosystem 

management of krill. Similarly, there are many areas where monitoring simply 

does not exist, and therefore, data are not available. In fact, the five options 

under current consideration are based on data from just four SSMUs because 

they were the only areas of the 15 from which data were available. 17 The 

paper further suggests that it may be argued that certain SSMUs for which no 

data are available, should remain closed until monitoring is established.  

To conclude, in view of current uncertainties, it is clear that it would not be precautionary 

for CCAMLR to allow a significant expansion of the fishery under the current 

management regime, which does not provide for any geographical distribution of the 

fishing effort among small areas. While considering the different options for allocating 

catch limits between SSMUs, it is important for CCAMLR to consider the adoption of 

precautionary, interim decisions in respect to particular areas, in order to prevent 

irreversible changes to the Antarctic marine ecosystem.  

 

9. Recommendations 

1. Subdivision of precautionary catch limits amongst SSMUs in the South 

Atlantic 

It is imperative for CCAMLR to subdivide the precautionary catch limits for Area 

48, amongst the 15 SSMUs established in 2002, well before the 620,000 tonnes 

trigger level is reached. This subdivision of catches should be decided on the basis 

of precaution, ensuring that the catch limit allocated for each SSMU does not 

compromise krill availability for predators. In the absence of scientific certainty 

on the impact of krill fishing on krill dependent predators in certain SSMUs, 

further expansion of the fishery should be avoided, particularly in coastal areas, 

adjacent to predator colonies.  Precautionary, interim decisions need to be 

                                                        
17 Antarctic Peninsula Bransfield Strait East (APBSE); Antarctic Peninsula Bransfield Strait West 
(APBSW); South Georgia West (SGW); South Georgia East (SGE). 
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considered as a matter of priority, in order to prevent fishery-related impacts on 

krill predators, in certain areas where predator demand has been found to exceed 

estimated krill stocks, or where monitoring simply does not exist.  

2. Requirement of VMS for all vessels fishing for krill 

The krill fishery should be subject to the same controls as the other fisheries 

operating in the CCAMLR Area. This should include the requirement that all the 

vessels that fish for krill in the Convention Area, should maintain an automated 

Vessel Monitoring System that allows the flag state to monitor the position of the 

fishing vessels constantly. This is important to make sure that fishing areas are 

respected. Consequently, Conservation Measure 10-04 (2004) should be amended 

to remove the exemption of VMS requirement for vessels fishing for krill.  

3. Requirement of scientific observers 

The presence of scientific observers on board fishing vessels is necessary for the 

gathering of relevant data on different aspects of the fishery that are key for the 

Scientific Committee to provide adequate management advice to the Commission. 

There is no reason why the krill fishery should be an exception to the general 

requirement for scientific observers on board of vessels fishing in the CCAMLR 

Area. Therefore, CCAMLR should require that each vessel fishing for krill in the 

Convention Area have at least one scientific observer on board, in accordance 

with the CCAMLR Scheme of International Scientific Observation.   

4. Reporting requirement on a haul-by-haul basis 

CCAMLR should establish the requirement of submission of standardised, fine-

scale data on a haul-by-haul basis for the krill fishery. This is presently required 

for most CCAMLR fisheries but not for krill. The Commission and the Scientific 

Committee have repeatedly stated the need to obtain haul-by-haul data on krill 

fishing operations in order to be able to make adequate management decisions.  

5. Submission of detailed fishing plans 

For the Scientific Committee to adequately assess the krill fishery and provide 

adequate management advice, CCAMLR should adopt a mandatory requirement 

for all krill-fishing Members to submit annual reports of their detailed fishing 

plans, including number of vessels, locations of planned fisheries and expected 

catch levels. 

6. Enhance coordination of scientific programmes related to krill 

The fieldwork and data acquisition that constitute the basis for the development of 

scientific advice to CCAMLR management of the krill fishery are carried out 

voluntarily by CCAMLR Members.  In view of the complexity of the scientific 
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programmes undertaken, and the important uncertainties faced in relation to the 

krill fishery, it is essential that CCAMLR Members take decisions that allow them 

to maximise these expensive research programmes’ contribution to CCAMLR 

conservation management goals. Specifically, CCAMLR Members should 

improve the ecosystem- monitoring program in order to ensure that changes in 

key elements of the ecosystem are adequately detected. Priority should be given to 

establishing some form of monitoring in those SSMUs where currently no data 

are available. 
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