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Abstract

The Commission for the Conservation of Antarctic Marine Living Resources

(CCAMLR) is widely recognized as a leading international organization in developing

best practice in the ecosystem approach to managing fisheries. CCAMLR provides a

useful case study for examining the impediments to implementing ecosystem-based

fisheries management (EBFM) because it has EBFM principles embedded within its

convention rather than having to make a transition from single-species management

to an ecosystem approach. CCAMLR is demonstrating that (i) EBFM does not need to

equate to complexity in management and (ii) methods can be developed to decide on

spatial management strategies for fisheries so that predators of target species are not

disproportionately affected as a result of spatial and/or temporal dependencies of

predators on their prey. Science has an important role in implementing EBFM, not

only in measuring and assessing the status of target species and their predators but

also in designing cost-effective management strategies and in resolving disputes.

Importantly, attention needs to be given to developing the capability and tools to

overcome differences amongst scientists in providing advice to managers. The

CCAMLR experience suggests that, without adequate safeguards, voluntary partic-

ipation by fishing States in CCAMLR and its consensus environment do not provide

strong foundations for achieving, in the long term, the ecosystem-based principles for

managing fisheries when there is any degree of scientific uncertainty. Some solutions

to these issues are discussed. Overall, broader-than-CCAMLR solutions amongst the

international community as well as the continued commitment of CCAMLR Members

will be required to resolve these issues.
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Introduction

The Commission for the Conservation of Antarctic

Marine Living Resources (CCAMLR) is widely rec-

ognized as a progressive international Commission

with the responsibility for conserving the Southern

Ocean marine ecosystem while having within its

remit the attributes of a regional fisheries manage-

ment organization (RFMO)(Constable et al. 2000).

In its convention and established practice, it is

regarded as a leading organization in developing

best practice in the ecosystem approach to manag-

ing activities in waters beyond national jurisdiction

(Mooney-Seus and Rosenberg 2007; Ruckelshaus

et al. 2008). CCAMLR has notably achieved these

advances without precedent, only guided by the

principles within Article II of its Convention.1 It is

an important case study for examining the imped-

iments to implementing ecosystem-based fisheries

management (EBFM) because it had EBFM princi-

ples built into its convention rather than having to

make a transition from single-species management

to an ecosystem approach.

Article II (Table 1) prescribes the ecosystem

approach to managing fisheries (Article II para-

graph 3) within a conservation framework (Article

II paragraph 1) and aims to ensure that target

stocks are maintained at productive levels, that their

dependent and related species are maintained and

that any impacts are short-lived with recovery in

two to three decades after the cessation of fishing.

This was the impetus for developing operational

decision rules for Antarctic krill (Euphausia superba,

Euphausiidae) and later toothfish (Dissostichus spp.,

Nototheniidae), and the implementation of the

precautionary approach of CCAMLR, which uses

Monte Carlo simulations to assess catch limits

across a range of uncertainties in data and popu-

lation dynamics (Constable et al. 2000).

Decisions pertaining to controls on fisheries are

embodied in ‘conservation measures’. States agree

to be legally bound by these measures when they

become Parties to the Convention. Non-binding, but

agreed, principles are often embodied in resolutions.

Decisions are made by consensus.

CCAMLR now comprises 25 Members and 9

other Contracting Parties; a Member is a Party that

is active in harvesting or research, contributes

financially to CCAMLR and has voting rights.

CCAMLR receives advice from a Scientific Commit-

tee (SC-CAMLR) and Standing Committees on

Implementation and Compliance, and Administra-

tion and Finance. Attendance at meetings by

observers (not affiliated to a Member or Party) is

by consensus invitation of the Commission. A

Working Group on Developing Approaches to Con-

servation (1987–90) began the task of interpreting

the Convention’s objectives and providing mecha-

nisms for making ecosystem-oriented decisions

rather than concentrating on individual species.

The primary working groups of the Scientific

Committee include Fish Stock Assessment, Ecosys-

tem Monitoring and Management, Incidental Mor-

tality Arising from Fishing, and Statistics,

Assessments and Modelling.

Article IX provides the means by which CCAMLR

can manage fisheries. It includes that CCAMLR

must base decisions on the best scientific evidence

available, which means that CCAMLR does not need

to wait until all science is concluded before making

a decision. Despite this, experience has shown that

consensus in the Scientific Committee is usually

needed before the Commission will agree to conser-

vation measures that have a scientific basis (Con-

stable et al. 2000).

CCAMLR inherited a number of depleted ground-

fish stocks, the most notable being in the southwest

Atlantic where bottom fisheries remain closed

because of the absence of recovery of those stocks

even after 25 years. Current fisheries include tooth-

fish, mackerel icefish (Champsocephalus gunnari,

Channichthyidae) and Antarctic krill, with the

former two groups likely to be fully exploited and

toothfish depleted in some areas of the Indian Ocean

from illegal, unregulated or unreported (IUU) fish-

ing. The krill fishery has been at a low level for many

years but is now expanding and could become one of

the largest fisheries in the world (Nicol and Endo

1997). Investigations into squid have been under-

taken, but fishing for squid remains unlikely. Myc-

tophid fisheries remain undeveloped. The only other

group that appears to have future fishery potential

are the macrourids, but stock productivity and

management approaches remain to be substanti-

ated. At present, these fish are managed as bycatch.

Since its first meeting in 1982, CCAMLR has

evolved through four main phases: (i) reacting to

over-exploitation of finfish stocks, a situation inher-

ited from previously unregulated fisheries prior to

1English text of the Convention on the Conservation of

Antarctic Marine Living Resources is available at http://

www.ccamlr.org/pu/e/e_pubs/bd/toc.htm (the website is also

accessible in French, Russian and Spanish).
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the Convention, (ii) establishing a proactive, pre-

cautionary approach for existing fisheries and for

new and exploratory fisheries, (iii) focussing on

countering the threat of IUU fishing and (iv)

developing an ecosystem approach for the krill

fishery. The latter phase is not yet complete and

there are other successes, such as the elimination of

seabird mortality from CCAMLR fisheries, that have

occurred in parallel. CCAMLR is now giving atten-

tion to the conservation aspects of its remit,

particularly with respect to conservation of marine

biodiversity in marine protected areas and vulner-

able marine ecosystems.

The evolution and success of CCAMLR are well

documented (Constable et al. 2000; Croxall and

Nicol 2004; Miller et al. 2005; Constable 2006;

Kock et al. 2007). CCAMLR has many scientific and

management tools, several of which are considered

ideal for successful management (Table 2)(Brow-

man and Stergiou 2004; Lodge et al. 2007). Yet,

there are issues emerging in CCAMLR over the last

decade that, unless resolved, will prevent CCAMLR

from being successful in achieving its objectives in

the long term (see the recent review of CCAMLR’s

performance at http://www.ccamlr.org/pu/E/rev-

panrep.htm, and hereafter will be referred to as

CCAMLR’s Performance Review). These issues are

causing CCAMLR to slip back into reactive man-

agement despite confronting most of the issues often

cited as preventing agencies from achieving an

ecosystem approach (e.g. Browman and Stergiou

2004).

In this essay, I examine the progress in develop-

ing operational objectives to support EBFM in

CCAMLR and then discuss the difficulties that

remain in successfully implementing EBFM that

would satisfy the principles in Table 2. I address two

main questions concerning implementation – how

to decide on robust ecosystem-based management

strategies and how to achieve responsible participa-

tion in, and compliance with, those strategies. I

focus on the challenges and impediments that could

result in CCAMLR failing to meet its objectives

despite it implementing all the necessary technical

components within its remit.

Operational objectives for the ecosystem

approach to fisheries

A significant step in elaborating an ecosystem

approach is to articulate the broad objectives of

Article II in real quantities. This does not mean the

quantities have to be estimable from field observa-

tions, although that would be preferable. Such

‘operational’ objectives make precise statements

against which performance of the management

system can be measured. They allow different

management approaches to be properly evaluated

and compared in advance of their implementation

by removing ambiguity that may be present in the

generic concepts of a convention (or legislation).

Specific to fisheries, the ecosystem approach

equates to managing the indirect effects of fishing

on the ecosystem (Garcia 2010), often equated to

the effects of removal of target species. In CCAMLR,

fisheries need to comply with the conservation

objectives, which also includes the need for fisheries

to be consistent with ‘rational use’ of Antarctic

marine living resources. Rational use presumably

equates to activities that comply with modern

norms of sustainability and maintenance of the

amenity of the oceans. The latter was considered a

priority by the United Nations World Summit on

Sustainable Development (WSSD)2 in Johannesburg

Table 1 Article II of the Convention on the Conservation of Antarctic Marine Living Resources Convention.

1. The objective of this Convention is the conservation of Antarctic marine living resources.

2. For the purposes of this Convention, the term ‘conservation’ includes rational use.

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 shall not be allowed to fall below a level close to that which ensures the greatest net annual increment;

(b) maintenance of the ecological relationships between harvested, dependent and related populations of Antarctic marine

resources and the restoration of depleted populations to the levels defined in sub-paragraph (a) above; and

(c) prevention of changes or minimization of the risk of change 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.

2Web site: http://www.un.org/jsummit/
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in 2002, which was concerned with intergenera-

tional equity and the opportunities for the develop-

ing world to participate in future industries when

they currently may not have the capacity to do so.

At present, fisheries and conservation principles

(FAO, 2003) are being considered in isolation of the

potential for other ecosystem services to be needed

from the oceans. A key question at present concerns

solely the maximum production that can be

removed from the oceans through fisheries. An

important question in the face of climate change

impacts will be whether such extraction will leave

sufficient biological resources to enable the oceans

to be resilient or able to adapt to climate change

impacts. Similarly, how can climate change impacts

be understood if the ocean is continually perturbed

by fisheries? Thus, how should future amenity of the

oceans be factored into existing considerations?

WSSD and recent United Nations General Assembly

resolutions on oceans and fisheries would suggest

that this is an important issue. At present, CCAMLR

has not considered what constitutes rational use,

either in an economic context or in the context of

maintaining the amenity of the oceans.

CCAMLR has operationalized its general objec-

tives in Article II for target species [see Constable

et al. (2000) for a review], but have not yet fully

operationalized Article II for species dependent on

those target species, i.e. the predators.

An operational objective was initially specified for

krill stocks. There are two parts to the objective that

need to be met simultaneously. The first part relates

to the abundance of krill remaining after the

introduction of the harvest strategy (catch limit in

this case). The reference point prior to fishing was

considered to be the median abundance of the

spawning stock of krill in the absence of fishing,

which takes into account the natural variability of

the stock. In a single-stock context, it was accepted

that a conventional ‘target level’ after fishing is fully

Table 2 Essential institutional objectives to be achieved for effective implementation of ecosystem-based fisheries

management. These objectives are derived from the author’s experience in the Commission for the Conservation of

Antarctic Marine Living Resources (CCAMLR) and its subsidiary bodies, as well as the primary elements from Lodge et al.

(2007) and Pitcher et al. (2009). See the latter references for detailed options for achieving the primary objectives below.

Conservation and management

to maintain orderly development of fisheries (new and exploratory as well as established) so that exploitation does not outpace

the ability for CCAMLR to achieve its objectives in Article II of sustainability and conservation of Southern Ocean biodiversity,

i.e. to appropriately restrain fisheries until the tools for management have been evaluated and set in place,

to develop management strategies (including operational ecosystem and fishery objectives, decision rules, data collection,

assessments, regulations and compliance and enforcement requirements), based on the best available scientific data, that have

been evaluated, prior to implementation, for effectiveness to achieve the objectives in Article II,

Decision making

to ensure that actions and activities are implemented in a timely fashion, such that the ability to achieve the objectives of the

Convention are not undermined by inertia in the management system,

to provide a process to resolve disputes related to achieving the objectives of CCAMLR on governance, implementation of the

convention and also when consensus is unable to be achieved on establishing and/or implementing binding conservation

measures,

Compliance and enforcement

to effectively limit activities that might impact on the ecological, conservation and sustainability values of the CCAMLR Convention

Area, including powers to terminate fishing operations,

to have a recognized and effective suite of disincentives and sanctions for non-compliance,

Participation

to ensure that States with a genuine interest* in the Antarctic marine ecosystem embrace CCAMLR as the governing regional

body and are able to participate in the current activities of the Commission,

to facilitate cooperation and support of CCAMLR by non-Parties that do not have a direct interest�, including the opportunity to

observe the current activities of the Commission, and

to maintain transparency and accountability that will ensure CCAMLR remains internationally recognized as the competent body

governing activities in the Antarctic marine ecosystem.

*States that actively undertake a research programme in the Convention Area or participate directly in exploitation of Antarctic marine

living resources (AMLR) (Flag States).

�Such States would include Port and Trade States, who would not be regarded as having a direct or genuine interest in the conservation

and rational use of AMLR, but may wish to be observers to facilitate cooperation with and support of CCAMLR.
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developed is for the median abundance of the

spawning stock to be half of that of the unexploited

median abundance. CCAMLR agreed that this did

not provide for predators of krill and the mainte-

nance of the ecosystem. In the absence of further

information, CCAMLR agreed that an appropriate

target would be 75% of the pre-exploitation median,

i.e. halfway between not taking account of preda-

tors (50%) to taking full account of predators (100%

– no fishing).

The second part of the objective relates to a limit

reference point for the krill-spawning biomass, for

which there should only be a low probability of

dropping below. This was set by CCAMLR at 20%

of the pre-exploitation median. The aim of this

limit is to help ensure that the productivity of the

stock is not reduced to a point that the stock

cannot sustain itself or recover to pre-exploitation

levels.

Since then, CCAMLR has specified objectives for

toothfish and mackerel icefish consistent with these

criteria. CCAMLR has recognized that the objectives

for mackerel icefish may need to be refined in the

future to take account of the naturally large

variations in stock abundance (Agnew et al. 1998;

de la Mare et al. 1998).

There have been a number of investigations into

explicit objectives for predators of krill over the last

two decades, largely determined by the amount of

krill required to sustain the productivity of predators

in the long term (Thomson et al. 2000; Constable

2001, 2004). However, the maintenance of preda-

tor populations is not just a result of managing the

productivity of krill at the scale of the krill popula-

tion, but also requires that the amount of krill

available to krill predators has not been dispropor-

tionately reduced through fishing, i.e. that the

reduction of krill available to a predator is not

greater than the reduction of krill in the population.

This can occur when predators are not able to

adjust their foraging locations without cost to avoid

areas affected by fisheries, such as may occur

through local depletion of krill or disruption of

aggregations that would normally be the target of

predators.

This issue has been the basis for the work of the

Working Group on Ecosystem Monitoring and

Management since its inception in 1995. Objectives

for predator populations either as local colonies or

as larger metapopulations have not been agreed,

including the manner in which temporal and spatial

variabilities may be incorporated into such objec-

tives (Constable 2002, 2004). These types of objec-

tives are problematic, not least because of the

dynamic nature of ecosystems and the unlikely

event that ‘targets’ can be met for all populations

simultaneously (Constable 2006). This has implica-

tions for the development of EBFM strategies.

However, it should not be an impediment to

implementing EBFM principles.

A clear requirement from Article II that may

circumvent the need for defining specific objectives

for predator populations is for affected species to be

able to recover in two to three decades if fishing

were to cease. It could be possible therefore to

develop objectives for predators that relate to the

potential for recovery within 20–30 years to a

population level commensurate with the median

pre-exploitation level if fishing were to cease. Of

course, uncertainty in ecosystem structure and

function will need to be incorporated into decisions

on spatially structured harvest strategies so that

these recovery requirements can be met.

A special case is for the harvest strategy to not

impede the recovery of depleted populations, which

need to be restored to levels which ensure stable

recruitment [Article II, paragraph 3(b)]. This objec-

tive is clear, but its implementation will need to take

account of the different spatial and temporal

dependencies of depleted species compared with

other species dependent on krill. For example, the

recovering whale populations are not bound to

forage near to breeding colonies but also need to

feed on aggregations of krill. In this case, excluding

the fisheries from aggregations near to land-based

colonies could potentially result in whales being

disproportionately more affected by fishing than

land-based predators. Consequently, consideration

of how to achieve the CCAMLR objectives for

predators of krill needs to take account of the

requirements of all predators.

Deciding on robust ecosystem-based

management strategies

A general expectation is for fisheries management

strategies to take a precautionary approach (FAO,

1995b) such that the fishery does not expand faster

than the ability to achieve its objectives, i.e. under

what circumstances can the catches be increased

while maintaining the same degree of precaution?

The resulting strategy will depend on the data

available and the decisions that can be made based

on those data.
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The application of the precautionary approach to

account for uncertainty is now well established in

CCAMLR. The expectation is that lower catches are

allowed when there is less certainty about popula-

tion and food web dynamics and that catches

should only increase when there is improved

information on status relative to the objectives

(Fig. 1). Such feedback procedures provide the

checks and balances against the uncertainties in

predicting ecosystem structure and function. The

expectation is that the catches will increase as the

uncertainties are reduced and the feedbacks to

management are more sensitive for managing the

effects of fishing.

The ecosystem approach, when compared to the

conventional single-species approach, requires that

harvest strategies achieve the objectives in Article

II, accounting not only on retaining prey for

predators (system productivity) but also that critical

spatial and/or temporal dependencies of the preda-

tors on their prey are not disproportionately

impacted by the fishery. The dependencies will be

determined by the foraging strategies and the costs

of changing foraging locations, the life history

attributes of the predators and the consequent

resource requirements (including the critical timing

of such requirements) for them. Additionally, any

impacts on predators and prey should be short-lived,

allowing for recovery in 20–30 years.

The SC-CAMLR has started evaluating feedback

management procedures for krill at a scale relevant

to predators of krill, which is a smaller spatial scale

than the krill population as a whole (SC-CAMLR,

2001, 2004a, Constable 2002). CCAMLR is using

ecosystem models (SC-CAMLR, 2004b, Constable

2005; Hill et al. 2006, 2007a,b; Plaganyi 2007)

and compiling data to assist in this (SC-CAMLR,

SC-IWC 2008). This process will explore how krill

stocks and their predators will be conserved

under different fishing scenarios, given different

approaches to field monitoring and decision-

making. In the first instance, these models are

being used to provide advice on subdividing the krill

catch limit for the southwest Atlantic (Constable

and Nicol 2002; Hewitt et al. 2004; SC-CAMLR,

2005).

In originally establishing the precautionary catch

limit for krill, CCAMLR agreed to the smaller-scale

subdivision of Area 48 (the southwest Atlantic) to

accommodate the specific needs of krill predators.

Proportion of 
sustainable 
prey catch 

limit 

Catch Prey
(Target species) (dependent species) 

elbigilgeN

ledomlacigoloiB

yerpfoytilibarenluV

ecnadnubA

levelreggirT

Biological models, incl. functional relationships 

Status of prey Spatial distribution of predator demand for prey

Population status of impacted predators 

High Real time response of impacted predators

Predators

Figure 1 Implementation of the precautionary approach in ecosystem-based fisheries management according to the

experience of CCAMLR. Each column represents the sources of data for estimating the required quantities in the boxes.

Dotted boxes represent quantities used in predicting future status. Dashed boxes represent quantities contributing to

feedback management but for which there is some lag between change in the status of the prey species and change in status

of that quantity. Solid boxes represent quantities that are estimates of current status and/or response to prey status. The

trigger level is the level of catch that should not be exceeded before understanding, at least in part, the spatial and temporal

dependencies of the predator-prey system.
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This recognized that krill predators might be

impacted if the entire catch for Area 48 was taken

out of a single-small area. In 2002, CCAMLR agreed

to a system of small-scale management units

(SSMUs) that would provide an ecological founda-

tion for spatially distributing the catch limit, thereby

accounting for the small-scale dependencies in the

Antarctic marine ecosystem, even though the krill

stock in the southwest Atlantic extends from the

Antarctic Peninsula throughout Area 48. The

ultimate aim is to have a procedure for subdividing

the krill catch for Area 48 to ensure that the

ecosystem objectives of CCAMLR can be met on

scales consistent with all elements of the marine

ecosystem and not just the scale of the target

species.

As a precaution pending the outcome of this

process, the krill fishery in Area 48 has been capped

at 620 000 t, which was set as the point at which a

smaller-scale subdivision would be triggered

(known as the ‘trigger level’). CCAMLR adopted in

2009 a strategy to keep the catches distributed

across the region during this developmental period

given additional concerns over the possible localized

impacts of an expanded fishery even smaller than

the trigger level.

Some disagreement remains as to whether the

strategy for distributing the trigger level is sufficient

to conserve krill predators. The argument for

greater precaution arises from the results of some

simulations (SC-CAMLR, 2009). An alternative

view is that the fishery is only very small relative

to the overall catch limit (<5%) and therefore

unlikely to have localized effects at this scale. Yet,

another view is that a smaller-scale subdivision may

not be needed at all, i.e. specific spatio-temporal

requirements of predators are not needed. Under-

pinning each of these views are differences of

opinion on ecosystem structure and function. In

the first case, the localized demands for predators at

breeding times are such that small concentrations of

fishing at these times could have major localized

effects compared to the second view where localized

effects can be ameliorated by regional-scale pro-

cesses. The third view implies that predators will

obtain prey without additional cost from wherever it

is available.

Unfortunately, the data currently available from

monitoring krill and predators and on the abun-

dance of predators are insufficient to reduce the

large uncertainties in abundance of predators as

well as the spatial dynamics of, and hence potential

fishery impacts on, the ecosystem. Given the limited

coverage of the research activities (and these

already represent substantial investments by indi-

vidual Members) relative to the size of the manage-

ment area, these uncertainties are unlikely to be

resolved quickly.

This disagreement underlines one of the key

issues in a decision-making framework that requires

scientific consensus before consensus will be

achieved in the Commission. Can scientific consen-

sus be reached on ecosystem structure and function

and the possible effects of fishing on the ecosystem

in advance of fishing?

An alternative approach is to find a management

procedure that will be highly likely to achieve the

objectives despite differences of view on the status,

trends, structure and function of the ecosystem and

current and possible future impacts of fishing.

Importantly, this approach should include how the

management procedure might be improved as more

becomes known about the system, rather than it

being considered unchangeable once adopted. This

approach would be to use simulations to prospec-

tively evaluate the performance of different man-

agement procedures under different ‘plausible’

ecosystem scenarios [now often referred to as

Management Strategy Evaluation (MSE); de la Mare

(1998, 2006), Butterworth and Punt (1999), Cooke

(1999), Smith et al. (2007)]. It can then be used to

provide consensus advice on the relative merits of

different management options, including future

changes, relative to plausible models of the ecosys-

tem.

The steps involved in MSE often equate to using

complex dynamic simulation models as the basis of

simulations. However, qualitative risk assessment

approaches may be useful in defining some aspects,

such as trigger levels, of harvest strategies to

implement an ecosystem approach before the com-

plex systems are available (Smith et al. 2007).

Management Strategy Evaluation provides a

platform for calculating the performance (benefits

and costs) of different management strategies,

where such a strategy includes the required data

collection and monitoring programmes, the assess-

ment methods and the rules by which the

assessments are used to determine the harvest

regime. The benefits include achieving the con-

servation objectives along with the aggregate

long-term catch, while the costs include those

related to acquiring the field data, and undertak-

ing compliance and enforcement activities. The
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operating costs to the fishing vessels of particular

spatial and temporal harvest strategies should also

be estimated, including the costs of variable catch

rates that might arise with some management

options.

Management Strategy Evaluation can also be

used to evaluate how fishery or fishery-independent

research programmes could be used to help differ-

entiate amongst hypotheses of ecosystem structure

and function, thereby resolving some key uncer-

tainties limiting catches. For example, could a set of

open and closed areas with different fishing inten-

sities in the open areas help elucidate, first, the

consequences of fishing under different harvest

pressures and, second, some of the key ecological

processes involving krill (Constable 2002, 2004)?

This use of reference areas is also likely to be very

important in trying to understand the impacts of

climate change on Southern Ocean marine ecosys-

tems and the consequent future productivity of krill

without potential interference from the krill fishery

(Constable and Doust 2009; Trathan and Agnew

2010).

An important challenge for implementing the

ecosystem approach using a management proce-

dure is to know whether the fishery may be

impacting on the predators in unforseen ways and

how to adjust the fishery to account for this. To

date, ecosystem information has not been able to be

used in tactical decisions (Plaganyi 2007; FAO,

2008). This suggests that the key questions on

spatio-temporal dependencies will always remain

highly uncertain. However, CCAMLR is developing

methods which could address these questions using

a management procedure and, in the process,

achieve efficiencies in an ecosystem-based manage-

ment system.

Methods are well established for monitoring and

assessing the status of target species, but are

generally not well developed for predators of the

target species or for other indirect impacts on food

webs. The three steps for incorporating food web

information into a management procedure are

(i) deciding on the spatial and temporal design for

monitoring the indirect effects of fishing on preda-

tors of the target species, (ii) having procedures for

generating ‘ecosystem’ indices that can be used in

assessments and then (iii) having an overall assess-

ment model, including decision rules, that deter-

mines the adjustment needed in the overall catch

limit of the target species combined with the spatial

distribution of that catch limit.

An important early development was the estab-

lishment of the CCAMLR Ecosystem Monitoring

Program (CEMP), which aims to monitor, using

agreed methods, important land-based predators of

krill to detect the effects of the krill fishery on the

ecosystem (Agnew 1997; Reid et al. 2005; Croxall

2006). Currently, there is no formal mechanism for

choosing which data are needed and how to include

them in a management procedure for krill, although

methods have been developed for combining the

parameters into summary indices (de la Mare and

Constable 2000; Boyd and Murray 2001). The

CEMP is currently under review with the aim of

refining and including its outputs in a management

procedure (SC-CAMLR, 2004b, 2005, 2008). One of

the challenges facing the CEMP is to have sufficient

spatial coverage to monitor the impacts of fishing

both at relevant spatial scales and on predators

feeding in areas where fishing may be concentrated

(Constable 2001, 2004).

Progress has been made recently on developing a

management procedure for krill, based on the time

series of krill and predator data for two regions of

the southwest Atlantic, and including an ecosystem

assessment (SC-CAMLR, 2008). Briefly, this

approach fits a time-series model to a simple set of

parameters governing the dynamics of krill and the

consequent dynamics of the predators and then uses

the resultant parameter estimates and their uncer-

tainty to undertake Monte Carlo simulation projec-

tions. It is a spatially structured empirical model

that applies a nominated spatial harvest strategy in

the projections. The spatial harvest strategy could

be dictated by a number of factors, including

spatially distributed predator demand, krill distribu-

tion, or historical catch distributions (Hewitt et al.

2004) or according to the requirements of the

fishing industry. The overall catch limit is that

which satisfies a decision rule similar to the current

krill decision rule, but extended to allow recovery

over 20–30 years of the ecosystem index described

above, despite the uncertainties in food web dynam-

ics and the spatial impacts of fishing. This method is

currently being evaluated.

A critical debate in CCAMLR at present is the

degree to which Members need to invest in observer

programmes of the krill fishery and in the CEMP. At

present, both are voluntary. The advent of possible

ecosystem-based management procedures provides

concrete examples of how to utilize monitoring

activities. Simulations can be used to evaluate the

performances of different levels of monitoring. For
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example, the voluntary data acquisition systems,

such as the current krill observer programme and

the CEMP, can be compared to more structured

sampling systems. Intuitively, one expects that a

structured sampling programme will perform better.

However, the costs of structured sampling may be

far greater than the cost of a voluntary system. It

may be that, compared to the financial return of the

catch, a voluntary data acquisition system with a

much lower precautionary catch limit may be

preferable to a larger highly structured field mon-

itoring programme with a riskier higher catch limit.

Alternatively, the more structured sampling pro-

gramme may be more desirable because of its

longer-term capability to test hypotheses about the

ecosystem and the impacts of fishing. Once the

options for monitoring have been articulated,

the manner in which the programmes are under-

taken will be much easier to explore, including the

potential for sharing the burden amongst fishers as

well as amongst CCAMLR Members (see CCAMLR’s

Performance Review).

Another debate important to the implementation

of EBFM is whether fisheries should be excluded

from the feeding grounds of land-based predators

during the breeding season. Such exclusion may

inadvertently result in the impacts on predators not

being able to be measured as readily. Could fishing

near to land-based predators provide the best

opportunity for detecting inadvertent impacts of

fishing on predators as the fishery expands?

Achieving effective participation and

compliance

Successful implementation of the ecosystem

approach will have a number of costs that need to

be borne by Members of CCAMLR, not least of which

is participation in ecosystem monitoring or the

possibility of reduced catches to account for uncer-

tainties. Such costs, along with the implementation

of measures to achieve conservation and rational

use, have been considered a reason for fishing States

to not join CCAMLR and instead operate as illegal,

unregulated and unreported (IUU) fishers in the

CCAMLR area. They may also potentially be con-

tributing factors to not achieving consensus on some

measures in the Commission. Of greatest concern

would be when the absence of effective participation

and compliance prejudices the sustainability of the

stocks, the ecology of the food web, and the long-

term economic viability of the fishery.

CCAMLR has been at the forefront of interna-

tional efforts to combat IUU fishing. These efforts

will not be discussed here (but see Miller et al.

2005). More subtle, but similarly important, chal-

lenges threaten CCAMLR’s ability to successfully

implement an ecosystem approach to fisheries.

These include the need for better incentives to

achieve compliance by legal operators with conser-

vation measures, the need for better international

governance arrangements in support of regional

management organizations and consideration of the

mechanisms for maintaining long-term responsible

and effective participation by members of a regional

management organization.

Compliance of legal operators is an issue that can

be resolved within CCAMLR. Spatial distribution of

catches and the potential requirements for fishing

vessels to participate in monitoring activities arising

in an ecosystem-approach will potentially increase

costs of individual operations. At present, CCAMLR

does not limit effort in the krill fishery, creating the

potential for a race to achieve a satisfactory catch.

Such an atmosphere may encourage non-compli-

ance by legal fishers through under-reporting of

catches during the open fishery, continuing to fish

after the fishery is closed, fishing in closed areas or

not adequately participating in the necessary

research programmes to avoid missing out on

potential catch. This is exacerbated in the Southern

Ocean because of the fuel costs for transit to distant

fishing areas and maintenance of vessel operations

in the region.

A great challenge is how to balance the ‘carrot’

and ‘stick’ approaches to achieve compliance as

discussed by Hilborn (2004), particularly for fisher-

ies in areas beyond national jurisdiction. Those

fisheries have, at their basis, a ‘right to fish’

provided by the United Nations Convention on the

Law of the Sea (UNCLOS). Although this right is

qualified by conservation objectives, it nevertheless

provides two positions that a State may wish to

take, one of supporting regulated access with rights

conferred by that regulation, such as in RFMOs and

RMOs, and the other of not supporting any regu-

lation other than self-regulation to uphold the

principles in UNCLOS. States are unlikely to give

up their right to fish in perpetuity, but may be willing

to temporarily defer that right to ensure sustain-

ability of the fishery into the future. This will enable

the ‘carrots’ of Hilborn to be applied to reduce the

incentives for overharvesting amongst inherently

responsible fishers when a fishery is competitive.
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One such ‘carrot’ could be within-season allocation

of catch to vessels based on performance in previous

years, such as the degrees of compliance with

conservation measures and participation in

research programmes. This would need to be

tempered by access provisions for new entrants.

The avoidance of openly competitive fishing

therefore will require enforcement (‘sticks’) to elim-

inate the elements that will undermine them, i.e.

eliminate opposition to regulation. This is likely to

require some other forms of incentive, which may

not necessarily be resource-based and may need to

involve incentives from outside of CCAMLR to

encourage all States wishing to fish in the Southern

Ocean to become Parties to CCAMLR. Such incen-

tives may also need to be directed not just at those

involved in fishing, but more at the broader

communities/countries from which the fishers

come. This important conundrum faced by

CCAMLR, and other regional management organi-

zations, will need to be addressed at a higher level

than individual management organizations.

Successful long-term governance of fisheries in

areas beyond national jurisdiction in CCAMLR will

require universal application of CCAMLR measures

across all States participating in these fisheries. This

will ensure that all rights and responsibilities are

observed and acted upon by fishing States. In

addition, it is generally accepted that all such States

will need to share in the costs of management

rather than it being left to a responsible few who

join the management organization.

At present, there is no universal obligation or

incentive for States to join CCAMLR if they have an

interest in participating in Antarctic fisheries despite

CCAMLR being recognized as the responsible body

for managing Southern Ocean fisheries and a

number of international efforts to improve respon-

sible participation in fisheries, such as the FAO Code

of Conduct for Responsible Fisheries (FAO, 1995a).

Similarly, significant international sanctions for

non-participation in the appropriate management

organizations are absent. The absence of both

‘carrots’ and ‘sticks’, coupled with the costs of

management, creates a disincentive for the uni-

versal application of the ecosystem approach.

Universal participation in RMOs will need to

involve global agreements at higher levels than

individual organizations, probably emanating from

the United Nations. In the absence of mandatory

participation in relevant RMOs, one such ‘higher-

order’ governance mechanism that relates to the

ecosystem approach could be to have an interna-

tional body where fishing States not participating in

RMOs can be challenged as to whether their

activities could be contributing to a failure to meet

international conservation and rational use norms

as well as the objectives established by the relevant

RMOs.

The successful implementation of the ecosystem

approach in CCAMLR will require the continued

responsible participation of its Members [see general

considerations in Cochrane (2000)]. The technical

standards being requested of regional management

bodies to achieve an ecosystem approach, such as

through the Marine Stewardship Council,3

CCAMLR’s Performance Review and theoretical

studies on ideal RFMOs (Lodge et al. 2007), are

commendable. The requirements for each standard

will depend on the ability of the management

system to achieve the conservation objectives;

responsible participation will be most likely when

the costs of management remain commensurate

with the value of the fishery while ensuring the

conservation objectives are met. This will require

appropriate consideration of the trade-offs between

catch and data requirements to achieve the objec-

tives (Fig. 1).

It is also important to ensure that technical

requirements do not cause inertia in the implemen-

tation of management measures while Members

request work be carried out before action is taken.

The CCAMLR Convention requires the use of the

‘best scientific evidence available’ to minimize the

risk of ecosystem impacts. However, there has

been an increasing tendency to wait for the best

scientific evidence possible before action is taken.

This is beginning to erode CCAMLR’s precautionary

approach.

One of the greatest impediments for CCAMLR is

achieving consensus over science before agreeing by

consensus to the management actions that are

dependent on the science. Consensus is important to

ensure that conservation measures are not estab-

lished that may not be useful to achieve the

objectives of the Commission or may unfairly and

inappropriately impact on a Member. Nevertheless,

it may inadvertently lead CCAMLR to fail to meet

the conservation objectives if irrefutable scientific

proof is needed to demonstrate a species or the food

3Marine Stewardship Council Web site: http://www.msc.

org/.
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web has been impacted, at which time the Com-

mission will have failed.

Risk assessment approaches could be used to

determine the time frame within which disagree-

ments need to be resolved before conservation

problems might arise if the ‘worst case’ plausible

scenario is correct. Alternatively, staged approaches

such as that now used in the krill fishery in the

development of fisheries would help avoid such

difficulties (Fig. 1).

CCAMLR, as a whole, is responsible for its

performance against its objectives in the Conven-

tion. However, by joining CCAMLR, individual

Members have a responsibility to help ensure that

CCAMLR is successful. The dispute resolution pro-

cess in CCAMLR (Article XXV) allows Members to

challenge other Members over implementation of

the Convention, but does not provide a mechanism

for determining when blocking of consensus by one

or more Members could be contributing to the

failure of CCAMLR to meet its objectives in Article II.

A challenge by a Member concerning the latter

would be an extreme case. In that context, a

question yet to be faced by CCAMLR, but one for

which the answer could provide the balance to the

use of consensus, is under what circumstances

would blocking of consensus be considered negli-

gent with respect to the objectives in Article II? In

addition, are there mechanisms that could be used

to identify whether this could be the case before the

Commission fails to meet its objectives?

An approach is needed to clarify legitimate

differences amongst scientists and to differentiate

these differences from positions that are maintained

despite plausible evidence of risks of impacts. Often,

these differences can only be ascertained after years

of scientific endeavour. Thus, a possible component

of safeguarding the consensus system could be to

have more detailed reporting of scientific uncertain-

ties and opinions, and the justifications for main-

taining that CCAMLR’s objectives are not in

jeopardy. At present, the points of disagreement

and the degree to which different points of view are

favoured within the Scientific Committee are not

clearly reported. This situation can create a highly

charged political environment amongst scientists.

Political overtones can be removed and the debate

restored to one of science if the rationale for different

positions are presented along with the weight of

agreement behind them.

A further step in this process may be to utilize the

international body proposed above to seek external

review of the scientific justifications for resistance to

action. The question is whether the absence of the

proposed action (conservation measure) could sig-

nificantly contribute to a failure to achieve the

objectives in Article II, taking account of the status

of knowledge and the attendant uncertainties in

drawing conclusions on ecosystem status and future

trends. This is more of a scientific question than a

legal one and therefore will require scientific adju-

dication, particularly on the uncertainties and the

probabilities surrounding the degree of contribution

to failure. Currently, no such body exists that could

undertake this role.

Conclusions

CCAMLR is undoubtedly able to absorb the modern

norms for conservation and sustainability because

of its regional, broader-than-fisheries remit, com-

bined with a rich pedigree of environmental man-

agement and cooperation within the Antarctic

Treaty system. Similarly, the technical challenges

facing CCAMLR are not new.

CCAMLR has shown that EBFM does not need to

equate to complexity in management. However,

there are conservation norms that need to be

achieved, in addition to a single-stock dynamic,

that presents challenges for managers. This is

because of the potential for fisheries to impact

disproportionately on some predators compared to

others. This arises from differences amongst preda-

tors in their spatial and temporal dependencies on

their prey. Nevertheless, CCAMLR is demonstrating

progress in satisfying the conservation and man-

agement requirements as well as the compliance

and enforcement requirements indicated in Table 2.

Science is an important component for the

implementation of EBFM, not only in measuring

and assessing the status of target species and their

predators but also in designing cost-effective man-

agement strategies and in resolving disputes

amongst Members. The latter role for science has

not yet been considered part of the work of

CCAMLR. Attention needs to be given to develop-

ing the capability and tools to help overcome

differences amongst scientists in providing advice

to managers.

The CCAMLR experience suggests that voluntary

participation by fishing States and its consensus

environment without adequate safeguards does not

provide a strong foundation for achieving, in the

long term, the ecosystem-based principles for man-
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aging fisheries when there is any degree of scientific

uncertainty. This indicates weakness in CCAMLR

for making timely decisions and for responsible

participation in managing fisheries (Table 2). Res-

olution of these issues will require broader-than-

CCAMLR solutions amongst the international com-

munity as well as the continued commitment of

CCAMLR Members to pursue their resolution.

In conclusion, as CCAMLR approaches its thirti-

eth year, it is undergoing a generational change in

scientists with the past evolution of work and

subsequent precedence in policies remembered by

only a few active members. A great challenge for

CCAMLR, as it is elsewhere in science, is to pass on

this depth of history and experience so that new

efforts can quickly work to continue to advance

CCAMLR in achieving its objectives in real terms.
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