Chapter 11
The Fishery for Antarctic Krill: Its Current
Status and Management Regime

Stephen Nicol and Jacqueline Foster

Abstract Antarctic krill has been fished commercially in the Southern Ocean since
the 1970s and has been consistently the largest fishery, by tonnage, in the region
since then. The fishery has seen changes in the nations involved, with early catches
dominated by vessels from the USSR, Japanese vessels in the middle years and,
more recently, most of the catch has been taken by vessels from Norway. A variety
of products have emerged from the fishery with early efforts aimed at human
consumption but latterly, the bulk of the catch has been used as high-end aquacul-
ture feed with a small but valuable fraction being used to produce krill oil. The
fishery has been managed by the international Commission for the Conservation of
Antarctic Marine Living Resources which recognised the potential threat to the
marine ecosystem through krill harvesting and which has implemented a precau-
tionary approach to management of the fishery. Currently the fishery catches
approximately 300,000 tonnes annually, all from the South Atlantic, where the
precautionary catch limit has been set at 5.6 million tonnes. The fishery and its
management regime will face challenges in the future with the emergence of new
technologies, increased catches by new entrants and environmental changes.
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11.1 Introduction

The fishery for Antarctic krill (Euphausia superba) has been operating in the
Southern Ocean since the 1970s, and the development of the fishery has been
regularly documented (Budzinksi et al. 1985; Nicol and Foster 2003). Following
the initiation of the fishery the scientific community recognised the poor level of
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information concerning krill and the Southern Ocean ecosystem and an ambitious
international scientific program (BIOMASS — Biological Investigations on Marine
Antarctic Systems and Stocks) was established to provide information that might be
used to regulate the fishery. The remit of the BIOMASS Program was to “gain a
deeper understanding of the structure and dynamic functioning of the Antarctic
marine ecosystem as a basis for the future management of potential living
resources” (El-Sayed 1977, 1994). This initiative was an important predecessor to
the negotiation in the late 1970s of an international regime tasked with managing
the harvest of krill and other Southern Ocean marine resources (CCAMLR - the
Convention on the Conservation of Antarctic Marine Living Resources) (Frank
1983; Edwards and Heap 1981). The main concern in the development of
CCAMLR was the effect that a dramatic reduction in the size of krill stocks
would have on populations of krill predators, most notably, penguins, seals, whales,
fish and seabirds (Howard 1989). The Convention on the Conservation of Antarctic
Marine Living Resources (CCAMLR) was adopted in 1980 and it entered into force
2 years later.

CCAMLR was initially known as the “krill convention” (Fernholm and Rudback
1989; Nicol 1991) because of its predominant focus on ensuring the ecosystem-
based management of Southern Ocean krill stocks. However, it was not until the
early 1990s that CCAMLR began the process of regulating the krill fishery (Nicol
1992). Since then there has been a slow accumulation of management measures that
have collectively given effect to many aspects of the ecosystem approach to
management of the krill fishery that was originally envisaged in the Convention.
Because the krill fishery did not grow in size as quickly as was originally predicted
there was little pressure to develop a comprehensive management regime, resulting
in the Commission allowing the fishery to develop slowly as CCAMLR focussed on
other emerging issues.

In this chapter, we will concentrate mainly on recent developments in the fishery
and its management but we provide an outline of the early years and references to
published works that deal comprehensively with the early history of the fishery. We
describe the current state of the fishery: where it operates, who is involved, how
much is caught and the seasonal nature of the operation. We then deal with the
nature of the fishery itself: how it operates, the products derived from the catch and
the trends in technology and product types. Finally we address the management of
the fishery and the scientific and environmental issues that will make future
management of this large stock a challenge.

11.2 The Development of the Antarctic Krill Fishery

The commercial krill fishery has operated in the Southern Ocean since the
mid-1970s and several publications have recorded the history and development of
the fishery (Table 11.1). There have been a number of phases in the development of
the fishery (Fig. 11.1). The early years of the fishery were characterised by low
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Table 11.1 Published reviews of the krill fishery

Reference Topic

Eddie (1977) Harvesting of krill

Everson (1977) Living resources of the Southern Ocean
Grantham (1977) Utilisation of krill

McElroy 1984 Economics of krill harvesting

Budzinski et al. (1985) Processing and marketing of krill products
Miller (1991) History and management of the krill fishery

Nicol and Endo (1997, 1999) | Kirill fisheries of the world their development and management
Miller and Agnew (2000) Management of Antarctic krill fishery

Ichii (2000) Kirill harvesting
Nicol and Foster (2003) Update on developments in the krill fishery
Nicol et al. (2012) Update on developments in the krill fishery
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Fig. 11.1 Catches of krill in the Southern Ocean from 1973 to 2014 (CCAMLR 2014)

catches, primarily aimed towards research and product development (Grantham
1977) with vessels from the Soviet Union (from the 1961/1962 season) and Japan
(from the 1972/1973 season) conducting exploratory fisheries. In the late 1970s and
early 1980s there was a rapid increase in fishing effort, with total catches reaching
levels not seen since. This period of high catch rates was primarily a result of fishing
by vessels from the USSR, but also included catches by vessels from Japan, Poland,
former East Germany and Chile (Table 11.2). This era marked the move of the
fishery from an exploratory/experimental phase to a developmental/commercial
phase (Budzinski et al. 1985; Nicol and Endo 1997).

There was a sharp decline in catches in the fishery in the mid-1980s, which has
been attributed to technical difficulties (Nicol and Endo 1997; Budzinski
et al. 1985). Further development of processing techniques was undertaken and
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Table 11.2 Reported annual krill catches, in tonnes, by fishing nations at the start of each decade
and for the most recent fishing season (Data from CCAMLR (2015) and SC-CCAMLR (2014))

Period ending

1980 1990 2000 2010 2014
Japan 36,275 62,187 67,377 29,910
Poland 226 1275 13,696 7007
USSR 440,516 302,376
Chile 4501 9460
East Germany 396
Republic of Korea 4040 7525 43,805 52,639
Ukraine 14,023 8928
USA 1561
Norway 120,429 165,899
Russia 8065
China 1956 48,102
Total 477,017 374,775 90,159 211,984 285,028

catches quickly recovered before once again declining rapidly in 1991 coinciding
with the break-up of the Soviet Union (Nicol and Endo 1997). From the mid-1990s,
the krill fishery remained low reaching a catch level of 125,823 tonnes in 2009. The
catches during this period were dominated by Japanese and Korean vessels. Since
2009 the catch has increased more rapidly reaching a level of nearly 300,000 tonnes
in 2013/2014. This phase has been associated with the entry into the fishery of
Norwegian companies and in recent years, from increased catches by vessels from
Korea and by the emergence of China as a fishing nation (SC-CCAMLR 2014).

The catch of the early exploratory fishery was aimed at developing harvesting
and processing techniques (Eddie 1977; Nicol and Endo 1997). Once the fishery
began to develop commercially, catches were used in products for human con-
sumption and meal for animal feed (Eddie 1977). Into the 1980s the scope for use of
krill broadened with interest in krill as a source of: enzymes, other proteins, lipids,
chitin (Budzinski et al. 1985). Since the 1990s the catch has been used mainly for
the production of aquaculture feed, either as meal or as whole frozen krill, and more
recently, krill oil as a human health supplement (Nicol et al. 2000, 2012; Nicol and
Foster 2003).

11.2.1 Spatial and Temporal Trends

Although the krill fishery was initially circumpolar, it has been concentrated in the
South Atlantic (CCAMLR Area 48) since the mid-1990s (Fig. 11.2). The fishery
first targeted the South Indian Ocean but over the decades this area became less
important and the South Atlantic became the dominant fishing ground. Today the
catch is mainly taken from the waters surrounding the Antarctic Peninsula and
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Fig. 11.2 Distribution of
krill catches in each decade
(1970s, 1980, 1990, 2000,
2010s) using public domain
data in the CCAMLR
Statistical Bulletin

(Figure produced by Lucy
Robinson, CCAMLR
Secretariat)
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South Shetland Islands (subarea 48.1), the South Orkneys (subarea 48.2) and from
the South Georgia area (subarea 48.3). This concentration of operations in the South
Atlantic is primarily operational as the South Atlantic fishing grounds are closer to
port services and are increasingly free of ice for longer periods than the rest of the
Southern Ocean (Kawaguchi et al. 2009). Additionally, the Southwest Atlantic is
estimated to contain 40 % of the global krill stock (Atkinson et al. 2009). The
fishing grounds in the South Atlantic have also changed over the history of the
fishery, with the importance of subarea 48.3 declining and that of subarea 48.1
increasing. The krill fishery has also changed its peak season of operation. In the
early years of the fishery, most krill were taken in summer and autumn, with lowest
catches being taken in spring (Fig. 11.3). In recent years krill catches have shown a
reversal in this historic trend with lowest catches occurring over summer, peaking
in late autumn, with very little fishing activity in spring (Fig. 11.3).

Some of these temporal and spatial shifts in the fishery over time have been
attributed to reductions in winter sea-ice extent in the south of the Scotia Sea which
allow winter fishing in subareas 48.1 and 48.2 (Kawaguchi et al. 2009). There has
also been a recent tendency of the fishing vessels to avoid catching krill that are
actively feeding on algae because this adversely affects the type of product that can
be manufactured (Kawaguchi et al. 1999; Ichii 2000; Nicol et al. 2000). The
production of krill oil has also led to vessels concentrating on fishing in autumn
and winter when krill are richest in lipids (Kim et al. 2014). Additionally, since
1993, vessels fishing in the waters around South Georgia — historically the only ice
free krill fishing grounds — have been subject to a license fee imposed by the
Government of South Georgia (Agnew 2004) which may act as an incentive for
operators to fish in other areas.

11.2.2 Changes in Fishing Technologies

The krill fishery has traditionally used large midwater trawls with a mesh liner
towed by large (80+ m) freezer trawlers (Budzinski et al. 1985). These trawls can
have a horizontal opening of 60 m and a vertical opening of 50 m. Trawls are
generally towed for up to an hour and landed catches are of the order of 10 tonnes.
Some of these trawls have been emptied by a pumping system but more usually the
catch is landed on deck or into a storage tank. The catch per hour of vessels using
conventional trawls has increased recently and this may be a result of changes in
fishing behaviour or processing technology.

One of the Norwegian companies that entered the fishery in 2009, Aker
Biomarine, has developed a patented “eco-harvesting technology” (patent
WO02005004593) that allows much higher catch rates than conventional trawls
(800 tonnes/day compared to 400 tonnes per day) (Fig. 11.4). This technology
lands krill on the vessel alive and in good condition rendering them suitable for the
manufacture of a wider range of products. The eco-harvesting technology uses a
hose attached to the cod-end of a small (20 x 20 m mouth opening) net that is
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Fig. 11.3 Change in the seasonal distribution of the krill catch in the South Atlantic (Data
supplied by the CCAMLR Secretariat)

lowered into a krill swarm. Air is pumped into the cod-end and this lifts water and
krill to the surface and onto the ship’s conveyor that leads to the factory (Fig. 11.5).
The net can be left in the water for weeks at a time and the fishing operation
proceeds continuously with the catch rate being determined by the ability of the
ship’s factory to process the catch. It is also claimed that the continuous fishing
system results in less waste of landed catch, allows for accurate estimates of
tonnage caught, reduces bycatch and may reduce escape mortality of krill. Escape
mortality refers to the krill that are killed by fishing equipment that do not end up in
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Fig. 11.4 Daily catch (tonnes) of individual fishing vessel in the krill fishery. Black is conven-
tional trawls and Grey is the continuous fishing system. In the boxplot the notch indicates the
median with the filled bars over the 25-75 percentile, the max and min (bars) and any values that
lie outside 1.5 times the IQR (Plot and data supplied by CCAMLR Secretariat)
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the catch. There has been concern within CCAMLR that large trawls may inflict
considerable mortality on the krill population that passes through the wider mesh
panels on the wings of the net or through being struck by the towing lines
(SC-CCAMLR 2011 para 3.12). Modelling studies and some experimental research
has failed to clarify the magnitude of this problem (CCAMLR-WG-EMM 2014,
paragraphs 2.23-2.24).
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11.2.3 Estimating the Total Removal of Krill

A second factor that affects the estimate of mortality of krill attributable to the
fishery is the uncertainty surrounding the quantity of krill landed on fishing vessels.
The krill catch is generally estimated from the quantity of product from each vessel.
It has become apparent that the conversion factors used to relate the weight of
product to the tonnage of the catch can vary widely between vessels. Additionally,
with the entry into the krill fishery of a different harvesting technology, CCAMLR
has focussed on the issue of more accurate assessment of the total catch
(SC-CCAMLR 2014, paragraphs 3.4 and 3.5).

11.3 Products from the Krill Fishery

11.3.1 Early Developments

Krill are a difficult raw material; they are easily crushed in nets and need to be
rapidly processed once caught because they spoil rapidly once on deck. Krill need
to be processed within 1 h of landing if they are to be used for human consumption
and within 3 h if they are destined for animal feed (Budzinski et al. 1985; Nicol and
Endo 1999). With the initial interest in the commercial fishery in the 1970s the FAO
commissioned a series of Fisheries Technical Papers (Budzinski et al. 1985; Eddie
1977; Grantham 1977) addressing the harvesting, utilisation and possibilities of
processing and marketing products made from Antarctic krill. In the mid-1970s
small catches were being used for product and processing development, with the
nutritional value of the products being a high priority (Sidhu et al. 1970). These
products included krill meal for animal feed, krill protein paste, frozen cooked
whole krill, dried krill, minced muscle and tail meats, all for human consumption
(Lyubimova et al. 1973; Siebert et al. 1980; Oehlenschldger and Schreiber 1981;
Eddie 1977).

Product development continued throughout the 1980s and early 1990s. How-
ever, in the mid-1980s product development research stalled for several years when
the industry came to terms with the discovery of high fluoride content of krill (Nicol
and Endo 1997; Budzinski et al. 1985). High levels of fluoride that exist in the
exoskeleton, particularly in the carapace (Soevik and Braekkan 1979) impeded the
use of krill in animal feeds (Yoshitomi et al. 2007) and human products due to
health concerns associated with the accumulation of fluoride in the bones and
tissues which can be toxic at high levels (Adelung et al. 1987). This problem was
eventually overcome with research undertaken into ways to decrease and/or miti-
gate the quantity of fluorine that would be included in the end product as a result of
the inclusion of krill as an ingredient (Tenuto-Filho and Alvarenga 1999;
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Tenuto-Filho 1993; Budzinski et al. 1985; Wang et al. 2011). Research continues
into methods to reduce fluoride in krill products so that they can be utilised for
humans and domestic animals (Xie et al. 2012; Wang and Yin 2012; Zhang
et al. 2014). Because many marine vertebrates are tolerant of high fluoride levels
in their prey a greater focus on the use of krill as an aquaculture feed developed
(Grave 1981; Julshamn et al. 2004) and low fluoride aquaculture feeds have been
developed and successfully trialled (Yoshitomi et al. 2007).

The mid-1990s shift into the development of higher value, lower yield products,
was predicted to occur in the FAO Technical Papers of the late 1970s and
mid-1980s. Grantham (1977) suggested that the initial phase of the krill fishery
would see competition for a place in the market, not for the resource, a situation
which is highly unusual in commercial fisheries. This prediction was based on the
high estimated abundance of krill (biomass estimates at the time ranged from 60 to
5000 million tonnes) (Voronia 1983; Lyubimova et al. 1973) and the low demand
for the product in the marketplace at that time (Grantham 1977). The demise of the
Soviet Union also meant that the fishery had to move towards a more economic
mode of operation. To increase revenues from the fishery, the industry has exam-
ined producing a variety of both high value products as well as bulk commodities
that are destined for animal feed.

As part of the notification system that CCAMLR has in place, companies
provide an indication of the mix of products that they expect to produce. For the
2014/2015 season the frequency of product inclusion in notifications, from the
20 notifications for the 2014/2015 krill fishery was: whole frozen 18, boiled
3, meal 15, oil 3, other product 5 (frozen krill meat, hydrolysate, lipid complex,
paste, peeled) (information supplied by the CCAMLR Secretariat). The krill fishery
is still dominated by the bulk production of frozen krill and meal; however, the
production of smaller quantities of more specialised products probably increases
the economic yield from the fishery considerably. The krill fishery operates in
waters distant from most ports and in extremely difficult environmental conditions.
It is not a fishery that is entered on a whim and because of its relatively low returns
and high costs is one that will reward companies with a long term investment in the
industry.

Despite the difficulties involved in fishing for krill and of krill as a raw product
there is continuing commercial interest in the krill fishery. An index of this interest
is the level of patent activity and 1040 krill-related patents have been lodged
between 1976 and 2014 (Foster et al. 2011, updated 2014). The most active period
has been between 2006 and 2014 when 34 % (a total of 355) of all krill-related
patents were lodged (Fig. 11.6). Most recent patents relating to processing (45 % of
all patents 2010-2014) were lodged for methods and processes for extracting high-
quality krill products including low-fluoride, high quality oils and krill meals that
are suited to use in medical applications. Medical uses comprise 29 % of recent
patents indicating the industry’s focus on products for the high value pharma and
nutraceutical sectors.
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Fig. 11.6 Number of krill-related patents lodged from 1976 to 2014 (Data from the krill patent
database presented in Foster et al. (2011) updated in March 2014)

There has also been a shift in the Nations represented in the lodgement of krill-
related patents over the past several years. Norwegian interest in the krill fishery has
been accompanied by an increase in patent activity. From 1976 to 2008 Norway
only represented 2 % of all krill-related-patents lodged but between 2010 and 2014,
this increased to 8 %. From 2012 to 2014 China lodged a total of 129 krill-related
patents, representing 70 % of all patents lodged. Patents from China have related
primarily to new processing technologies for the extraction of high quality prod-
ucts. This level of activity indicates the serious Chinese interest in krill fishing.

11.3.2 Krill for Human Consumption

Since the commencement of the krill fishery there has been an emphasis on
producing high quality protein for human consumption, although there have been
difficulties in producing a product that is marketable, safe and economically viable
(Budzinski et al. 1985; Nicol and Endo 1997; Nicol et al. 2000). Currently very
little of the krill caught is destined for use as human food with the bulk going to
aquaculture and to produce krill oils which are used as a health supplement. There is
still considerable research being carried out into krill for human consumption (Tou
et al. 2007; Chi et al. 2013) but the future of krill as a human food will depend
largely on finding an economically effective method of removing fluoride (Jung
et al. 2013).
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11.3.3 Krill as Fishing Bait and Aquarium Feed

A large proportion (~34 %) of the Japanese krill catch in the 1990s and early 2000s
was used to attract fish in recreational fishery and freeze dried krill is still used as a
commercially available feed for aquarium fish (Nicol et al. 2000). With the Japa-
nese fishing fleet now absent from the krill fishery it is difficult to estimate the
current proportion of the catch that is used for these purposes.

11.3.4 Krill Meal for Aquaculture

Production of carnivorous fish through aquaculture has increased dramatically over
the last three decades and this has led to an increase in demand for fish meals and
marine byproducts. Because of declining fish stocks, the aquaculture industry is
investigating the supplementation of currently used proteins and additives with
lower cost alternatives that are readily available (Yoshitomi et al. 2007; Davis and
Arnold 2000). Some research has focused on determining the properties of krill
meal compared to commonly used fish meals (Giogios et al. 2009). Because fishing
for krill is an expensive activity krill meal is also expensive and is most commonly
used as a high value source of protein, feeding enhancing agents, colouration,
growth promoters and sources of Omega-3 oils to aquaculture feeds (Floreto
et al. 2001) rather than the primary ingredient. Krill meal has a nutritional value
equal to, or surpassing, that of regular fish meals (Yoshitomi et al. 2007; Karlsen
et al. 2006; Opstad et al. 2006; Gaber 2005) when used as a substitute in the diets of
various farmed species including Atlantic cod, Atlantic salmon and Pacific white
shrimp. Due to the increasing price of fish meals, producers are constantly striving
to improve the uptake of feeds to minimise feed wastage and provide better
economic returns (Smith et al. 2005). Kirill oil and chitosan have also been shown
to increase the nutritional value and shelf life of various fish fillet products (Duan
et al. 2010).

11.3.5 Chitin

Krill contain a number of valuable chemicals that could be extracted as part of the
post-capture manufacturing process. The shell of krill contains chitin (up to 40 %
dry weight) and this is a chemical for which there is a developing market (Yanase
1981) which could be a potentially plentiful by-product from the fishery. In the
traditional processing of rolling krill for a meat product, the exoskeleton has usually
been a waste product but is increasingly seen as valuable commodity in its own
right, with research into the quality of the waste product being undertaken by Polish
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researchers in the early 1980s (Naczk et al. 1981) and more recently (Tou
et al. 2007).

Chitin is the main source of production of chitosan, which is used in a number of
applications, such as a flocculating agent, a wound healing agent and a delivery
vehicle for various pharmaceuticals. A number of publications have focussed on the
utilisation of krill for these purposes (Bustos et al. 2003). Due to their high biomass
and current underutilisation, krill are major producers of chitin in the world’s
oceans and the fishery for Antarctic krill is potentially a large source of chitin for
industry (Nicol and Hosie 1993).

11.3.6 Pigments

The characteristic red colouration of Antarctic krill comes from the pigment
astaxanthin, and other carotenoid pigments in the exoskeleton (Nicol et al. 2000).
There has been considerable research into the addition of krill-derived pigments to
aquaculture feed to improve colouration in farmed species (Savage and Foulds
1987; Kalinowski et al. 2007; Suontama et al. 2007; Moretti et al. 2006; Floreto
et al. 2001). Synthetic colourants have generally been used for pigmentation of
aquaculture species but consumer demand for more natural products is increasing
(Moreira et al. 20006).

11.3.7 Krill Oils

As early as 1970 it was recognised that, as well as being an excellent source of
protein, krill could also be a source of oil for consumption by humans and animals
(Sidhu et al. 1970). There is an increasing demand for diet supplements from
marine oils rich in Omega-3 fatty acids (Arthi 2009; Shahidi and Wanasundara
1998; Hill 2013). Fish oils have been subject to large amounts of R&D in fish
processing, feed, functional food and nutra- and pharmaceutical markets over the
past 15 years. The Omega-3 and Omega-6 properties of seafood have long been
recognised as having health benefits (Fereidoon and Wanasundara 1998) including
prevention and treatment of arthritic conditions, cardiovascular disease, PMS and
facial appearance.

The high fatty acid properties of krill oil make it effective in the treatment of
autoimmune murine lupus (Chandrasekar, et al. 1996), cardiovascular disease
(Batetta et al. 2009; Bunea et al. 2004) and arthritis (Deutsch 2007). Other research
indicates that properties of krill, including its enzymes, antioxidant astaxanthin and
chitin, make it effective in the treatment of liver disease (Tandy et al. 2009) and
maintenance of general health and wellbeing (Bridges et al. 2010). It has been
suggested that the increased bioavailability of the Omega-3 and Omega-6 fatty
acids may make krill oil a superior treatment for cardiovascular disease and other
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health conditions, compared to regular fish oils (Kidd 2009), however, research
continues into whether krill oil is clinically superior to fish oils (Backes and
Howard 2014).

In 2004 the European market for Omega-3 fatty acid products was valued at
approximately US$194 million with more than three-quarters of these oils being
from marine based sources (Nichols and Nelson 2007). However, whilst the market
for the use of fish oils in nutraceutical products is high in value, it remains relatively
small in volume, estimated to represent only 5—6 % of total world fish oil production
(Nichols 2007). Krill oil production, currently at less than 1000 tonnes per year,
uses only ~10% of the tonnage of krill landed. Even if the market of krill oil
increases greatly in the near future the extra demand could readily be met from
existing catches.

11.3.8 Enzymes

The suite of proteolytic enzymes contained within krill’s digestive gland was
initially a significant problem for the fishery because they led to rapid spoilage of
catch (Nicol et al. 2000). However, these hydrolytic enzymes, in particular the
proteases, carbohydrases, nucleases and phospholipases, have wide ranging uses in
different medical applications (Nicol et al. 2000). Applications include treatment of
spinal injuries (Melrose et al. 1995) and necrotic wounds (Karlstam et al. 1991) and
in clinical drug applications (Nicol et al. 2000).

11.4 Management of the Krill Fishery

11.4.1 Background

Antarctic krill is classified by the FAO as an underexploited fish stock (stocks that
are currently harvested but could withstand an increased level of harvest) (Maguire
et al. 2006). Only 2 % of stocks monitored by the FAO are classed as underex-
ploited (FAO 2008). The current krill catch in Antarctic waters is ~300,000 tonnes a
year which is only 3.5 % of estimated precautionary catch level of some 8.6 million
tonnes (CCAMLR figures) so the potential for increase is considerable. The careful
management of the krill fishery into the future is essential given its key role
ecological as the cornerstone of the Antarctic food chain.

Management of the krill fishery is the responsibility of the Commission for the
Conservation of Antarctic Marine Living Resources (CCAMLR). CCAMLR first
met in 1982 and currently has 25 Members and 9 acceding States. CCAMLR is
responsible for the conservation of living resources (with the exception of seals and
whales which are managed by other instruments), both targeted and dependent and
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Fig. 11.7 The CCAMLR Convention Area (Figure supplied by CCAMLR)

associated species, in the Southern Ocean (CCAMLR 2009b), (the Southern Ocean
is defined for this purpose as the 32.9 million square kilometres of ocean between
the Antarctic Polar Front and the continent) (CCAMLR 2009a; Nicol and Endo
1997). The CCAMLR Area is further divided for management purposes into areas
based on the FAO Statistical Areas. (Fig. 11.7).

CCAMLR has adopted both a ‘precautionary’ and ‘ecosystem approach’ to
fisheries management that attempts to combine conservation and “rational use”
(CCAMLR 2009b; Miller 2002). CCAMLR’s precautionary approach requires that
management decisions should have a low risk of long-term adverse effects, an
important factor when working with scientific information that has a degree of
uncertainty (Hewitt and Linen Low 2000). The ecosystem approach differs from
conventional single species fisheries management approaches by managing target
species whilst taking into account the needs of dependent and related species.
Article II (3) of the Convention set outs the remit for taking an ecosystem approach
to the management of Southern Ocean resources:

3. Any harvesting and associated activities in the area to which this Convention applies
shall be conducted in accordance with the provisions of this Convention and with the
following principles of conservation:

(a) prevention of decrease in the size of any harvested population to levels below those
which ensure its stable recruitment. For this purpose its size should not be allowed to fall
below a level close to that which ensures the greatest net annual increment;
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(b) maintenance of the ecological relationships between harvested, dependent and
related populations of Antarctic marine living resources and the restoration of depleted
populations to the levels defined in subparagraph (a) above; and

(c) prevention of changes or minimisation of the risk of changes in the marine ecosys-
tem 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.

CCAMLR has two primary objectives in managing the krill fishery. Firstly,
ensuring that overall krill biomass is not compromised and secondly, ensuring that
krill biomass is adequate to meet the needs of land-based krill predators (Hewitt and
Low 2000). The phrase “dependent and related species” has not been further
elaborated by CCAMLR but it refers to those animals such as whales, seals and
seabirds that depend on krill for food and those species that coexist in the ecosystem
such as other species of krill.

The Commission implements management directives through Conservation
Measures (CMs), which are adopted by consensus. Currently, the krill fishery is
managed through a series of such Conservation Measures relating to aspects of
operation of the fishery including: precautionary catch limits, gear restrictions, data
reporting, notification of intent to fish, minimisation of incidental mortality,
observer deployment as well as measures regulating exploratory fisheries. Although
there has not been a systematic approach to incorporating ecosystem considerations
and precaution when managing the krill fishery, the Commission has addressed a
range of issues and the overall result of this is to give some practical effect to the
principles in Article II of the Convention (Table 11.3). These measures include
rules that are specifically aimed at ensuring both ecosystem-based and precaution-
ary management of the krill fishery as well as several measures which are com-
monly implemented by fisheries management regimes to collect basic fishery data
including catch and effort statistics. Some of these measures are specific to the krill
fishery whilst others apply across all fisheries operating in the Area.

11.4.2 Precautionary Catch Limits

The first Conservation Measure to specifically regulate the krill fishery (Conserva-
tion Measure 51-01 originally numbered 32/X setting precautionary catch limits on
krill in Area 48) was adopted in 1991 some 10 years after the Convention was
signed (Nicol 1991, 1992). This measure has been updated several times, most
notably following the collection of new data from a synoptic survey in 2000 (Hewitt
et al. 2004a) (see Chap. 2, Siegel and Watkins 2016). Precautionary catch limits
have subsequently been established for Division 58.4.2 in 1992 (revised using new
data collected in 2006), and for Division 58.4.1 in 1996 (Table 11.4). These
precautionary catch limits are periodically updated using data from new biomass
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Table 11.3 Conservation measures applicable to the krill fishery. Specific measures for krill are
presented above those that apply to all fisheries (Information from CCAMLR website http://www.
ccamlr.org/, accessed March 2014)

CM
Number | Adopted | Title Effect
51-01 2010 Precautionary catch limitations on | Highly precautionary catch level;
(first Euphausia superba in Subareas Trigger level;
adopted 48.1, 48.2, 48.3 and 48.4 Subdivision of catch;
in 1991) Adopted prior to expansion of the
fishery
51-03 2008 Precautionary catch limitation on | Highly precautionary catch level;
(first Euphausia superba in Division Division of catch;
?dopted 58.4.2 Trigger level;
in 1992) :
Observer requirement;
Adopted prior to expansion of the
fishery
51-02 2008 Precautionary catch limitation on Highly precautionary;
(first Euphausia superba in Division Division of catch;
adopted 58.4.1 Gear restrictions to reduce inci-
1996) dental mortality;
Adopted prior to expansion of the
fishery
21-03 2014 Notifications for krill fisheries Detailed information on intentions
(first to fish for krill;
adopted Details of fishing gear types, area
2006) to be fished, expected catch, type
of vessel, numbers of vessels
51-04 2014 General measures for exploratory | Controls expansion of new
(first fisheries for Euphausia superba fisheries;
adopted Limits catch;
2008) Notification requirement;
Observer requirement
51-06 2014 General measure for scientific Partial Observer coverage manda-
observation in fisheries for tory for two seasons;
Euphausia superba Enhances monitoring of fishery;
Increased biological data collec-
tion including by catch
51-07 2014 Distribution of the trigger limit in | Distributes catch limit across
(first the fishery for Euphausia superba | Subareas;
adopted in Subareas 48.1, 48.2, 48.3 and Prevents taking of large catches
2009) 48.4 from localised areas;
Protects land breeding predators
23-06 2014 Data Reporting System for Stipulates data requirements from
Euphausia superba Fisheries the fishery and reporting intervals
25-03 1991 Minimisation of the incidental Restricts use of fishing gear;

mortality of seabirds and marine
mammals in the course of trawling

Controls deployment of fishing
gear;

Reduces level of incidental
mortality.

(continued)
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CM
Number | Adopted | Title Effect
33-01 1992 Limitation of the by-catch of Conserves finfish stocks;
Gobionotothen gibberifrons, Fishing vessels must act to limit
Chaenocephalus aceratus, by-catch
Pseudochaenichthys georgianus,
Notothenia rossii and
Lepidonotothen squamifrons in
Subarea 48.3
21-02 1993 Notification for exploratory Controls expansion of new
fisheries fisheries;
Notification of fishing intentions
10-04 1998 Automated satellite-linked vessel Applied to krill fisheries in 2007;
monitoring systems (VMS) Tracks fishing activities;
Will allow management of fishing
activities within SSMUs
26-01 2006 General environmental protection | Prohibits use and disposal of
during fishing environmentally damaging plas-
tics normally used in fishing
activities;
Reduces entanglements and inci-
dental mortality
31-02 2007 General measure for the closure of | A fishery can be closed if stock is
all fisheries overexploited
91-03 2009 Protection of the South Orkney In line with Article II;

Islands southern shelf

Designates an MPA;

Prohibits fishing to conserve
biodiversity

Table 11.4 Precautionary catch limits on the krill fishery (Data from CCAMLR www.CCAMLR.

org)
Trigger
Year of survey Total catch | level
Year from which limit (millions
Conservation | first current limit (millions of
measure adopted | calculated from Area/division of tonnes) | tonnes)
51-01 1991 2000 48.1,48.2,48.3,484 |5.61* 0.62
51-02 1996 1996 58.4.1 0.44 n/a
52-03 1992 2006 58.4.2 2.645% 0.452

“These catch limits are those calculated from more recent surveys conducted in 2000 (Area 48) and
2006 (58.4.1). See text for an explanation of terms


http://www.ccamlr.org/
http://www.ccamlr.org/

11 The Fishery for Antarctic Krill: Its Current Status and Management Regime 405

surveys and as a result of changes in the method by which the biomass is calculated
from acoustic survey results. The adoption of the first precautionary catch limits for
the krill fishery in Area 48, in 1991 (as Conservation Measure 32X) is heralded as a
significant achievement in line with the precautionary approach (Fabra and Gascon
2008).

Precautionary catch limits for the krill fishery use data on the krill biomass which
have been derived from dedicated acoustic surveys within the relevant CCAMLR
statistical area. The original precautionary catch limits in Area 48 and Division
58.4.2 used the results of the BIOMASS surveys of the early 1980s which were the
only acoustic surveys at an appropriate scale (Hewitt et al. 2004a). Because the
BIOMASS data was not collected using CCAMLR-specific protocols there was a
need to obtain more systematic acoustic data to ensure that precautionary catch
limits were based on the most reliable information (Hewitt et al. 2004a). There have
been three large-scale surveys (see Chap. 2, Siegel and Watkins 2016) that have
been conducted for the purposes of setting precautionary catch limits: the BROKE
survey of Division 58.4.1 in 1996 (Nicol et al. 2000), the CCAMLR 2000 survey in
2000 (Hewitt et al. 2004a) and the BROKE West survey of Division 58.4.2 in 2006
(Nicol et al. 2010).

Precautionary catch limits are calculated using an estimate of the potential yield
of the krill population derived from the regional krill biomass estimates, data on
natural mortality, individual growth rates and estimates of inter-annual recruitment
variability. These estimates were calculated using the Krill Yield Model and later
the Generalised Yield Model (Kock et al. 2007). These models take into account
predator requirements through the mortality term and through a three part decision
rule. This decision rule was developed for determining the proportion of the krill
population (y) which could be harvested each year with minimal risk, thus
addressing Article II, 3 of the Convention (Constable et al. 2000; Miller 2002;
Croxall and Nicol 2004).

(iii) Choose y1 such that the probability of the median krill spawning stock biomass
declining below 20 % of its pre-exploitation median level over a 20-year harvesting period
is 10 %.

(i1) Choose y2 so that the median krill spawning stock biomass after over 20 years of fishing
is 75 % of the pre-exploitation median level.

(iii) Select the lower value of y1 and y2 as the level for y for the calculation of krill yield.

The decision rules take explicit account of the needs of predators by allowing a
krill escapement of 75 %. The revised yield model and the three-part decision rule
were adopted by the Commission in 1994. These rules provided the first example of
specifying the objectives of CCAMLR in scientifically interpretable and measur-
able terms (Constable et al. 2000).

A further level of precaution was added when CCAMLR introduced trigger
levels in 1993. A trigger level is a level of catch (below the precautionary catch
limit) which must not be exceeded until a mechanism to subdivide the overall catch
limit amongst smaller management units has been agreed. Trigger levels have been
employed to ensure that large krill catches are not taken from restricted areas. The
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trigger level of 620,000 tonnes set in CM 51-01, was derived from the aggregate of
the highest annual commercial catches taken from each of the Subareas in Area
48 (SC-CCAMLR 2008, paragraph 3.33). Those in Division 58.4.2 were calculated
on a pro rata basis using the proportions from Area 48 (CCAMLR 2008). These
trigger levels are in place to ensure that the fishery develops in an orderly manner,
with no irreversible impacts on predator species. In 2009 Conservation Measure
51-07 was adopted, providing for the interim distribution of the trigger level catch
across Subareas 48.1, 48.2, 48.3 and 48.4. This measure was adopted to avoid the
trigger level catch being taken from small areas, alleviating potential pressure on
predator populations. The trigger level in Area 48 is set at a level that is only 1 % of
the estimated biomass for this area of 60.3 million tonnes, (SC-CCAMLR 2010).
The fishery, even if it is operating at the trigger level, would be unlikely to be a
significant competitor for krill with the major consumers in the ecosystem (see
Chap. 9, Trathan and Hill 2016).

In 2009, the adoption of two Conservation Measures — 51-04 and 51-05
(Table 11.3) served to further control the development of new krill fisheries in
the CCAMLR Area. Essentially, the krill fishery now cannot expand into an
unsurveyed area without an approved data collection plan and the catch in any
unsurveyed subarea or Division is limited to 15,000 tonnes. Further, in these areas
no more than 75 % of the catch limit can be taken within 60 n miles of known
breeding colonies of land-based krill-dependent predators including seals, birds and
penguins. The adoption of Conservation Measures 51-04 and 51-05 mean that there
are limits on the krill fishery throughout the Convention Area either as a result of
scientifically estimated precautionary catch limits or through regulations in
un-surveyed areas. Prior to 1991, the krill fishery could operate in all regions of
the CCAMLR area without limitation, by 1996 all the major fishing grounds were
covered by precautionary catch limits and by 2009 krill fishing in the entire
Convention Area was subject to catch limits or restrictions. CCAMLR has made
considerable progress in managing the rational use of its largest fishery whilst
allowing for the conservation of the world’s largest unexploited marine biomass.

11.4.3 Limiting By-Catch

CCAMLR’s ecosystem approach to management of the krill fishery requires that
the effects of fishing on dependent and related species are taken into account. This
means that the direct effects of fishing on other species — bycatch and incidental
mortality — are taken into account. A number of Conservation Measures have been
adopted which aim to reduce the level of by-catch taken in krill fisheries, as well as
to reduce the incidental mortality of seabirds and marine mammals in krill fishing
operations (Table 11.3). There is still uncertainty whether the mortality of young
and larval fish is a significant issue in the krill fishery and whether such mortality
varies with space or time (Okuda and Kiyota 2012). Incidental mortality of seals,
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penguins and seabirds has never constituted a serious problem in the krill fishery but
a number of Conservation Measures have been adopted to minimise fisheries
impacts on birds and seals. Assessing larval fish mortality and recording incidental
mortality of seals and seabirds are major tasks for scientific observers on krill
fishing vessels (Sabourenkov and Appleyard 2005).

11.4.4 CCAMLR’s International Observer Scheme

The CCAMLR Scheme of International Scientific Observation was adopted in 1992
under Article XXIV of the Convention (Sabourenkov and Appleyard 2005). It is an
important source of scientific information that is essential for assessing the impact
of fishing on the ecosystem, including the status of target populations, as well as
those of related and dependent species. The scheme also plays a crucial role in
developing approaches to reducing the impact of fishing on the ecosystem by
collecting data on the effectiveness of mitigation measures.

All vessels fishing in CCAMLR fisheries are required to carry an observer for
some of their fishing operations. At CCAMLR meetings there has been consider-
able debate over the level of observer coverage in the krill fishery (Agnew
et al. 2010) and despite the requirement for 100 % coverage by an international
observer in all other CCAMLR fisheries the krill fishery has a target coverage of
only 50 % using either international or national observers (CCAMLR 2014).

Scientific observers record information on the gear configuration (including
measures to reduce incidental mortality of seabirds and marine mammals), fishing
operations (including catch composition), the measurement of green weight and
conversion factors and biological measurements of target and by-catch species. The
absence of systematically-collected data collected from the krill fishery by
recognised scientific observers has meant that it has been difficult to assess the
significance of issues such as the bycatch of larval fish in the krill fishery (Agnew
et al. 2010).

11.4.5 Krill Fishery Trends

CCAMLR has had persistent difficulties in obtaining information on potential
future developments in the krill fishery. The Scientific Committee has repeatedly
requested such information (Table 11.5). The absence of publicly available infor-
mation on krill fishery developments led CCAMLR to formalise the process
whereby Members notify their intention to fish for krill in the upcoming season.
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Table 11.5 Information requested by the Scientific Committee on the economics of the Antarctic
krill fishery

Information requested Report reference

Past and current krill market information SC-CCAMLR (2008,
paragraph 2.6)

Past and current market prices for krill products SC-CCAMLR (2009,
paragraph 2.7)

Past and current market prices for krill products SC-CCAMLR (2000,
paragraph 2.4)

Updated information on krill processing, market developments, SC-CCAMLR (2001,

economic analyses paragraph 2.4)

Information on economics of the fishery and market developments | SC-CCAMLR (2001,
paragraph 3.8)
Information on commercial market prices, economic marketing and | SC-CCAMLR (2002,

technological information and demand for aquaculture feeds paragraph 4.11)
Ability to predict trends in the fishery still hampered by a lack of | SC-CCAMLR (2004,
information on technological and economic developments paragraph 4.17)
Noted change in pattern of fishery operation in regards to partici- | SC-CCAMLR (2005,
pants, products composition and harvesting technologies paragraph 4.11)
Information on how publicly available information in trade press | SC-CCAMLR (2008,
etc. may be used to inform WG deliberations paragraph 4.9)

11.4.6 Notifications

In 2006 CCAMLR adopted Conservation Measure 21-03 making it mandatory for
Members to notify of their intention to fish for krill in the coming season. Member
nations have to provide information on: the expected catch level, the area to be
fished, details of the vessel and gear types being used to fish and the expected
products to be derived from catch. This Measure was to aid the Commission in
tracking development of the krill fishery in light of increasing interest in the fishery
and in the absence of other tools for tracking the fishery’s development (CCAMLR
2006, paragraph 12.24). From 2003, the Commission had relied on an informal,
voluntary system whereby Members would verbally inform the Scientific Commit-
tee on their plans for krill fishing in the upcoming season (CCAMLR 2003,
paragraphs 4.37—4.39). This voluntary system resulted in little substantial informa-
tion being submitted to allow the Commission to monitor market interest or fishery
trends (Croxall and Nicol 2004).

Since Conservation Measure 21-03 was adopted there has been a marked change
in the number and type of notifications being made to the Commission. There has
been an increase in the tonnage of krill notified since the scheme was adopted
(Fig. 11.8). However, there is a large discrepancy between the level of catch
notified by Members and the actual catch that has occurred, with notified catches
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Fig. 11.8 Kirill catch and notification data from 1992 to 2014 (CCAMLR 2014). Note that
mandatory notifications data was not required until the 2006 season

consistently being considerably higher than actual catches for the duration of this
scheme. Although notifications have exceeded the trigger level of 620,000 tonnes
for Area 48, actual catches have never reached even half this level in since 1991. In
the 14 years prior to mandatory notifications, actual catches were higher than
notified catches in 65 % of cases, resulting in an underestimation of the future
krill catch. Since 2006, notifications have always been higher than actual catches.
Additionally, the notification process has also led to predictions of a larger krill
fishing fleet and projections of a larger number of nations being involved in the
fishery. It appears that the notification process is being used by Member nations to
keep their options open — they cannot fish unless they notify and the number of
vessels and the projected catch are over-stated to retain operational flexibility
(CCAMLR 2007, paragraph 3.25 and CCAMLR-2008, paragraphs 8.13-8.21).
The discrepancy between notified and actual catches could result in an incorrect
assumption of if, or when, the trigger level may be reached, as well as an increased
workload for the Secretariat in processing inaccurate notifications. To prevent
excessive notifications some Members have proposed that a fee be associated
with lodging notifications and that a penalty apply for those vessels that notified
but don’t fish (CCAMLR 2008, paragraph 8.19).

The notification process has not allowed CCAMLR to confidently predict the
next season’s krill catch, the participants in the fishery nor the size of the fishing
fleet. It has however, forced Member and non-Member nations to indicate their
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interest in the fishery. Further refinement of the process may allow the system to be
both predictive as well as indicative.

11.4.7 Economic Data

Investment in products and technology that are specific to the krill fishery is evident
in the number and type of krill-related patents being lodged (see Fig. 11.6) (Nicol
and Foster 2003; Nicol et al. 2012; Foster et al. 2011). CCAMLR recognised that
such information provided an insight into developments in the industry that could
lead to future expansion of the krill fishery (SC-CCAMLR 1999, paragraphs
4.9-4.11). Patents and patent databases are increasingly being used for detecting
investor interest in emerging technologies (Schiermeier 2010) and for identifying
products and technologies relating to particular ingredients (Pilkington 2004).
Patented technologies and products represent significant investment by the assignee
in the krill industry (to lodge and maintain a patent is a costly process) and therefore
can be used as an indicator of likely future activity in the krill marketplace. The
CCAMLR Scientific Committee agreed that it would be useful if the Secretariat
could maintain a patent database to provide annual updates on these trends
(SC-CCAMLR 2009, paragraphs 4.10-4.12).

11.4.8 CCAMLR’s Management Structures

The CCAMLR Commission is the decision-making body that ultimately agrees on
management measures relating to conservation and fisheries in the Convention
Area. The Commission is advised by a Scientific Committee and these two bodies
meet annually. The Scientific Committee, in turn, relies on the advice of specialised
Working Groups one of which, the Working Group on Ecosystem Monitoring and
Management (WG-EMM), is concerned with the krill-based ecosystem and the krill
fishery. It is at the annual meeting of WG-EMM that the development of manage-
ment approaches to the krill fishery are proposed and discussed. CCAMLR and its
subsidiary bodies are supported by a Secretariat, based in Hobart, Tasmania, which
provides a wide range of services including data management and strategic
research. The Secretariat produces an annual Krill Fishery Report which is
presented at WG-EMM and provides information that includes: krill catches,
notifications, scientific observations and bycatch. Information from these reports
becomes available through the Reports of the Scientific Committee and on
CCAMLR’s website (www.ccamlr.org) and provides a valuable annual update on
the status of the fishery.
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11.5 Future Management of the Krill Fishery

11.5.1 Small Scale Management Units

There has also been recognition that management of the fishery needs to move from
catch limits established for large scale areas to much smaller scale areas (Constable
and Nicol 2002). In 1991, when the first Conservation Measure (32X) allocating a
precautionary catch limit for Area 48 was adopted by the Commission, the need to
consider distribution of precautionary catch limits across smaller spatial areas was
first raised (CCAMLR 2008, paragraph 12.63 and Miller 2002). The trigger level in
Area 48 has been subdivided (see above) but there is not yet agreement on a
subdivision of the overall catch limit. There have been moves to subdivide the
precautionary catch limit down to much smaller scales — small scale management
units (SSMUs) — to avoid potential effects that concentrated fishing effort might
have on the ecosystem (Hewitt et al. 2004b). Spatial boundaries of 15 SSMUs for
Area 48 were established in 2002 (CCAMLR 2002, paragraph 4.5), but a mecha-
nism for the subdivision of the precautionary catch limit across the SSMUs is yet to
be agreed upon. A number of candidate schemes have been proposed and discussed
by within CCAMLR (Hewitt et al. 2004b):

. the spatial distribution of historical catches by the krill fishery;

. the spatial distribution of predator demand;

. the spatial distribution of krill biomass;

. the spatial distribution of krill biomass minus predator demand;

. spatially explicit indices of krill availability that may be monitored or estimated
on a regular basis; and

6. structured fishing strategies in which catches are rotated within and between

SSMUs.

S S R S R

Because there has been no agreement on a method for subdividing the precau-
tionary catch across the SSMUs, in 2009 the Commission adopted an interim
measure which divides the precautionary catch amongst four of the most commonly
fished Subareas in Area 48 (Conservation Measure 51-07). The trigger level for
each subarea was based on the proportion of the krill biomass found in each subarea
in the CCAMLR 2000 survey: subarea 48.1: 155,000 tonnes, subarea 48.2:
279,000 tonnes, Subarea 48.3: 297,000 tonnes and Subarea 48.4: 93,000 tonnes
(SC-CCAMLR 2009). This subdivision has resulted in the closure of the krill
fishery four times when the subdivided trigger level (155,000 tonnes per year) for
subarea 48.1 has been reached. CM 51-07 was renewed in 2011 and for a further
two years in 2014.
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11.5.2 Feedback Management

The current management regime for the krill fishery has always been viewed as an
interim scheme that would remain in place until a more elaborate and comprehen-
sive management approach was developed (Nicol and de la Mare 1993). The long-
term aim of CCAMLR has been to the development of a feedback management
procedure for the krill fishery (adaptive management whereby management mea-
sures are regularly adjusted based on ecosystem monitoring indices) (Nicol and de
la Mare 1993; Fabra and Gascon 2008). This system would see management
measures regularly changed in response to continually updated information from
the ecosystem, aimed at detecting impacts from fishing and responding accordingly,
before irreversible change occurs (Constable et al. 2000; Constable 201 1; Hill and
Canon 2013). The development of a feedback management procedure for a remote
fishery such as that for Antarctic krill is a complex process and CCAMLR has
recognised that its implementation will be difficult, agreeing to a staged approach
(CCAMLR 2014). In the interim, a number of other measures are being explored to
ensure that the management process uses the maximum amount of information
available.

11.5.3 Integrated Assessments

Catch limits on the krill fishery have been established using the results of very large
scale acoustic surveys of krill biomass. Such surveys are extremely labour inten-
sive, expensive and take considerable planning and analysis. CCAMLR is consid-
ering a move from such basin-wide biomass surveys to an integrated stock
assessment (SC-CCAMLR 2014, paragraph 3.52). An integrated krill stock assess-
ment model could be used to provide regular stock assessments based on data from
various sources, including: scientific surveys, fishing vessel surveys, observers and
the CCAMLR Ecosystem Monitoring Program (CEMP). Robust estimates of the
consumption of krill by predators would help to scale biomass estimates. The model
would account for differences in the timing of different data sources, and gear-
specific selectivity.

11.5.4 Research from Krill Fishing Vessels

Until very recently, most of the research required for the management of the krill
fishery was obtained using fisheries-independent surveys (Nicol et al. 2000, 2010,
and Hewitt et al. 2004a). There are few research vessels operating in Antarctic
waters at any one time and krill research is only one of a number of priority areas for
study. Additionally, research vessels are usually limited to studies of 1-2 months in
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length. Fishing vessels, on the other hand, operate throughout most of the year and
sample krill throughout the day (Kawaguchi and Nicol 2007). An International
Scientific Observer scheme has been operated by CCAMLR since its inception but
scientific observer coverage on krill fishing vessels has been patchy and no infor-
mation from this scheme has yet been used for management purposes. Recently,
CCAMLR has recognised that obtaining information from krill fishing vessels will
be essential for future management of the fishery (Godg et al. 2014). Regular,
dedicated acoustic surveys using krill fishing vessels have already commenced
(Krafft et al. 2011) but there is far more research that can be conducted from the
commercial fleet. Suggestions for future research include studies into basic biology
of krill, biochemistry of krill and oceanography of the krill fishing grounds. There
are even suggestions for the dedicated use of krill trawlers for research purposes and
for the construction of hybrid krill fishing-research vessels (Godg et al. 2014).
Information from fishing vessels is seen as crucial in the development of feedback
management for the krill fishery (SC-CCAMLR 2014 paragraph 3.34).

11.5.5 Industry-Based Approaches to Management

There has been a recent trend in global fisheries for industry to adopt measures over
and above those imposed by management bodies such as CCAMLR (Washington
and Ababouch 2011). These approaches include third party certification and initia-
tives that demonstrate the credentials of the companies or industry in pursuing
sustainable harvesting. Fisheries throughout the world are confronted with
increased market demands to document conformity in relation to the principles of
sustainable harvesting. Scientific knowledge and documentation of the ecosystem
effects of fisheries is essential for many management bodies, and also within the
market place. The achievements of the Marine Stewardship Council (MSC) certi-
fication process for marine products indicates how scientifically-based information
and documentation directly affects the product price and market access.

The Norwegian company that currently harvests the greatest tonnage of krill,
Aker Biomarine, was awarded MSC certification for their “Eco-Harvesting” krill
fishing activities (Aker 2010). This certification is awarded to fisheries that under-
take their harvesting operations in an environmentally sustainable manner
(MSC 2010). Aker uses this certification as a marketing tool that sets its QrillTM
and Superba " products apart from competitor’s products as Aker at the time was
the only company with the certification for their krill fishing activities. Jacquet and
Pauly (2010) have raised concerns that the certification process overlooked reports
from the scientific community that krill stocks are declining and ignored the
unsustainable use of krill in fishmeal although these concerns were subsequently
addressed by the certifying body (MSC 2010). In 2014 the Aker krill fishery was
re-assessed and was re-certified (MSC) with no conditions placed on the company
and no adverse comments received on the certification (Schulz 2014). A second
Norwegian company, Olympic fisheries, is currently undergoing MSC assessment
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(MSC 2015). Although the MSC process addresses krill fishing by company and by
vessel their assessments do reflect the overall state of the fishery and its
management.

In 2010 several krill fishing companies formed the Association of Responsible
Krill Fishing Companies (ARK) with the active involvement of the Worldwide
Fund for Nature (WWF). ARK coordinates and cooperates with CCAMLR on the
provision of research and information on krill, and the krill fishery and its impact on
the ecosystem, with the aim of contributing to CCAMLR’s work on managing the
krill fishery sustainably (ARK 2015). This initiative arose out of a recognition that
the safety of long-term investment in the krill industry would lie in it being well
managed and been seen to be well managed. In 2015 ARK had member companies
from Norway (2), Chile and Korea and has been an official observer at CCAMLR
meetings since 2011. It has begun the process of involving the krill fishing industry
in the development of feedback management approach (SC-CCAMLR 2013, par-
agraphs 10.12-10.15). ARK members currently catch ~80 % of the krill harvested
in the Southern Ocean and ARK is in a position to be influential in the future
development of the krill fishery.

11.5.6 Environmental Footprint of Krill Fishery

Distant-water fishing operations are frequently criticised for the resources they
consume and the emissions they produce. The Aker Biomarine krill fishery was
subjected to a Life Cycle Analysis to quantify and characterize life cycle environ-
mental burdens associated with their fishing and processing operations (Parker and
Tyedmers 2012). The Fuel Use Intensity (litres per tonne of landed catch) of
Antarctic krill is relatively low when compared to high-value species such as cod,
tuna or lobster, but much higher than for other fisheries targeting species for
reduction into meal and oil e.g. ten times that of the Peruvian anchovy fishery.
The fuel consumption by a resupply vessel used to transport meal and oil from the
fishing vessel to port accounts for roughly the same scale of energy use and
emissions as fuel consumption on the fishing vessel. This suggests that the distance
between the fishing vessel and port plays a particularly important role in the life
cycle environmental impacts of krill products.

11.5.7 Climate Change and the Krill Fishery

The life history and population dynamics of Antarctic krill are likely to be impacted
by a changing climate that results from increasing levels of CO, in the atmosphere
(Flores et al. 2012), and may result in a reduced habitat range for Antarctic krill
(Hill et al. 2013). The reproductive output and recruitment success of krill has been
related to the extent, timing and duration of winter sea ice cover (Kawaguchi and
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Satake 1994, Quetin and Ross 2003). Krill growth has also been observed to
decrease above a temperature optimum of 0.5° C (Atkinson et al. 2006). The
early developmental stage of krill will be vulnerable to the increased levels of
CO, projected to occur within their habitat range to the year 2100 and beyond
(Kawaguchi et al. 2013). Overall, the cumulative impact of climate change is most
likely to be negative. Changes in the distribution and abundance of krill as a result
of climate change are, obviously, likely to affect the fishery. Already the effect of
changes in sea ice extent and seasonality have changed the behaviour of the fishing
fleets (Kawaguchi et al. 2009). It is uncertain whether a warming surface layer may
affect the vertical distribution of krill (Schmidt et al. 2011) but the fishing fleet is
already fishing much deeper in some areas (Kawaguchi et al. 2006).

11.6 Conclusions

The krill fishery has been operating for over 40 years in Antarctic waters with
nearly 8 million tonnes being harvested during this period. Despite concerns over
the effects of the krill fishery on the Southern Ocean ecosystem, there have been no
observations of an effect of the harvesting of krill on dependent or related species.
This lack of an effect can be traced to the level of fishing remaining low compared
to the large biomass and because of the precautionary management regime
implemented by CCAMLR. There is currently unprecedented interest in krill as a
source of marine proteins and oils and more nations are involved in the fishery than
in the past. The future of the fishery, and of the ecosystem, will be played out within
CCAMLR and this organisation will either succeed or fail based on its ability to
effectively manage its largest fishery.
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