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Abstract

This paper discusses the principles and approach required for developing small-scale 
management units to take account of predators’ needs when managing the fi shery for 
Antarctic krill.  It provides a theoretical foundation for considering the scales of manage-
ment units involving the integration of local populations of harvested species, foraging 
areas of predators, fi shing grounds and the potential infl uences of the environment, 
including oceanography and metapopulation structure of the harvested species.  The inte-
gration of these components involves two different types of unit:  the ‘harvesting unit’, 
which is at the scale of the metapopulation of the harvested species, and the ‘predator 
unit’, which does not have to be a relatively self-contained ecosystem but should be 
suffi ciently independent for fi shing in that unit not to inadvertently affect predators 
being monitored in other units.  The South Atlantic region (Area 48) is used to illustrate 
how to defi ne predator units.  The derived conceptual model is then used to formulate an 
approach for developing fi sheries on prey species, notably krill, in other harvesting 
units.  The manner in which predator units can be used to help the CCAMLR Ecosystem 
Monitoring Program (CEMP) provide strategic advice on the effects of fi shing is discussed.  
In general, the early acquisition of information on the distribution of local populations of 
krill and the potential foraging densities of predators from within a harvesting unit (i.e. 
abundance of predators, distribution of colonies and foraging range) will provide a means 
of circumscribing predator units as well as undertaking an assessment of long-term annual 
yield.  It is proposed that the early development of the fi shery could be concentrated in a 
small number of units in such a way that the relative fi shing intensities in those units are 
equivalent, although not necessarily equal, to the intensity expected across all units once 
the catch limit had been reached.  Other units in which fi shing was not occurring could 
be monitored as well.  This process could help determine whether or not the catch limit is 
likely to cause undesirable effects on predators in any of the predator units.  In this way, it 
is possible to determine,  well in advance of the catch limit being reached, whether or not 
local restrictions on harvesting are necessary, as well as the overall requirements for the 
monitoring program.

Résumé

Les auteurs examinent, dans le cadre de la gestion du krill antarctique, les principes et 
l’approche qu’il convient de suivre pour défi nir des unités de gestion à petite échelle qui 
tiennent compte des besoins des prédateurs.  Ils présentent ce qui servira de base théorique 
à l’examen des échelles des unités de gestion, à savoir l’intégration des populations locales 
des espèces exploitées, les secteurs d’alimentation des prédateurs, les lieux de pêche et 
les effets potentiels de l’environnement, tels que l’océanographie et la structure de la 
métapopulation des espèces exploitées.  Pour intégrer ces éléments, il faut concevoir 
deux types d’unité : l’ «unité d’exploitation», à l’échelle de la métapopulation des espèces 
exploitées, et l’ «unité des prédateurs», qui ne doit pas nécessairement être un écosystème 
relativement autonome, mais qui doit être suffi samment indépendant pour que la pêche 
n’y affecte pas par inadvertance les prédateurs contrôlés dans d’autres unités.  La région 
de l’Atlantique Sud (zone 48) sert d’exemple pour démontrer comment défi nir les unités 
des prédateurs.  Le modèle conceptuel qui en est dérivé sert ensuite à la formulation d’une 
approche du développement des pêcheries visant des espèces de proies, notamment le krill, 
dans d’autres unités d’exploitation.  Les auteurs examinent la manière dont les unités des 
prédateurs pourront servir, dans le Programme de contrôle de l’écosystème de la ccamlr 
(cemp), à faciliter la formulation d’avis stratégiques sur les effets de la pêche.  En général, 
l’acquisition précoce d’informations sur la répartition des populations locales de krill et 
les densités potentielles de prédateurs à la recherche de nourriture au sein d’une unité 
d’exploitation (c.-à-d. l’abondance des prédateurs, la répartition des colonies et le secteur 
d’alimentation) permettra de délimiter les unités des prédateurs et d’évaluer le rendement 
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annuel à long terme.  Selon les auteurs, une pêcherie pourrait à ses débuts se concentrer 
dans quelques unités de manière à ce que l’intensité de pêche relative dans chaque unité 
soit équivalente (mais pas forcément égale) à l’intensité prévue dans toutes les unités, une 
fois la limite de capture atteinte.  D’autres unités dans lesquelles aucune pêche n’aurait 
eu lieu pourraient également être contrôlées.  Ce processus pourrait aider à déterminer si 
la limite de capture risque d’avoir des effets nuisibles sur les prédateurs d’une des unités 
des prédateurs.  Il est ainsi possible de déterminer, bien avant que la limite de capture ne 
soit atteinte, si des restrictions locales de l’exploitation sont nécessaires, et d’identifi er les 
exigences globales du programme de contrôle.

Резюме

В статье обсуждаются принципы и подход, необходимые для разработки 
мелкомасштабных единиц управления с учетом потребностей хищников 
в процессе управления промыслом антарктического криля. Приводится 
теоретическое обоснование для рассмотрения масштабов единиц управления, 
включающих интеграцию локальных популяций промысловых видов, ареалов 
кормления хищников, промысловых участков и возможного воздействия 
окружающей среды, в т.ч. океанографии и метапопуляционной структуры 
промысловых видов. С интеграцией этих компонентов связано 2 типа единиц: 
«единицы промысла», которые имеют масштаб метапопуляций промысловых 
видов, и «единицы хищников», которые не обязательно являются относительно 
автономными экосистемами, но должны быть достаточно независимыми, чтобы 
промысел в такой единице не мог случайно повлиять на хищников, мониторинг 
которых ведется в других единицах. Для иллюстрации определения единиц 
хищников используется район южной Атлантики (Район 48). Полученная 
концептуальная модель затем используется, чтобы сформулировать подход к 
развитию промысла потребляемых видов, особенно криля, в других промысловых 
единицах. Обсуждаются пути возможного использования единиц хищников для 
выработки стратегических рекомендаций, касающихся воздействия промысла, в 
рамках Программы АНТКОМа по мониторингу экосистемы (СЕМР). В целом, 
раннее получение информации о распределении локальных популяций криля 
и потенциальной плотности кормления хищников с какого-то промыслового 
участка (т.е. численности хищников, распределении колоний и ареале кормления) 
позволит определить единицы хищников, а также провести оценку долгосрочного 
ежегодного вылова. Предлагается, чтобы ранние стадии развития промысла были 
сконцентрированы на небольшом количестве участков так, чтобы относительная 
интенсивность промысла на этих участках была эквивалентна, но не обязательно 
равна, интенсивности, ожидаемой на всех участках при достижении ограничения на 
вылов. Также может проводится мониторинг единиц, в которых промысел не велся. 
Это позволит определить, может ли ограничение на вылов иметь нежелательные 
последствия для хищников на участках «хищников». Таким способом можно 
определить, задолго до достижения ограничения на вылов, нужны ли локальные 
ограничения на вылов, а также общие требования программы мониторинга.

Resumen

Este trabajo trata sobre los principios y enfoque necesarios para el desarrollo de las 
unidades de ordenación en pequeña escala que toman en cuenta las necesidades de 
los depredadores en la ordenación de la pesquería del kril antártico.  Se presenta 
un fundamento teórico para considerar la escala de las unidades de ordenación que 
integra las poblaciones locales de especies explotadas, las zonas de alimentación de 
los depredadores, los caladeros de pesca y las posibles infl uencias del medio ambiente, 
incluida la oceanografía y la estructura metapoblacional de las especies explotadas.  La 
integración de estos componentes se relaciona con dos tipos de unidades diferentes:  
las ‘unidades de explotación’, a la misma escala de la metapoblación de las especies 
explotadas y las ‘unidades de depredadores’, que no se refi eren necesariamente a un 
ecosistema autosufi ciente, pero sí deben ser lo sufi cientemente independientes como para 
sostener la pesca en esa unidad sin que los depredadores estudiados en otras unidades se 
vean afectados.  La región del Atlántico sur (Área 48) ha sido utilizada para ilustrar cómo 
se defi nen las unidades de depredadores.  El modelo conceptual derivado es utilizado 
luego para formular una estrategia de desarrollo de las pesquerías de las especies 
presa, en particular, del kril, en otras unidades de explotación.  Se considera cómo se 
podría utilizar las unidades de depredadores para que el programa de seguimiento del 
ecosistema de la CCRVMA (CEMP) pueda brindar información estratégica sobre las 
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INTRODUCTION

The ecosystem approach to managing fi sheries 
in the Southern Ocean requires that the needs of 
predators (dependent species) be taken into account 
when setting fi shing controls on harvested species.  
CCAMLR has adopted specifi c objectives for the 
implementation of a precautionary approach to 
krill fi sheries within this framework, but is yet to 
develop strategies for directly taking account of 
the needs of predators in an ongoing management 
framework for a fully developed fi shery (Constable 
et al., 2000).

CCAMLR currently manages its fi sheries by 
setting catch limits for statistical subdivisions of 
the CCAMLR Convention Area.  In the case of 
the fi shery for Antarctic krill (Euphausia superba), 
the catch limits have been set for large statistical 
subareas or for entire oceanic regions, such as for 
the South Atlantic (FAO Statistical Area 48). In 
establishing the catch limit for Area 48, CCAMLR 
recognised the need to subdivide this into smaller 
areas to avoid localised effects on predators (Con-
servation Measure 32/X) (CCAMLR, 1991; Watters 
and Hewitt, 1992).  If the whole catch limit for krill 
was taken from within the foraging range of a few 
predator colonies, then the fi shery could have 
a substantial effect on those colonies.  The issue 
of a subdivision of the catch limit has not been 
resolved, despite early consideration of the options 
that could be used to provide for an effective 
subdivision (Watters and Hewitt, 1992; Everson, 
2000; Miller and Agnew, 2000).  With the recent 
revision of the precautionary catch limit for krill, 
CCAMLR has requested that the krill catch limit 
be subdivided in Area 48 to better account for the 
needs of predators (SC-CAMLR, 2000a).

An important issue to be considered in this 
process is how the respective scales of the ecological 
dynamics of predators and the krill population can 

be matched with the larger scale of the fi shery 
(see Schneider, 1994 for a theoretical discussion).  
The aim of this paper is to discuss the issues of 
scale and how these may be integrated to form 
the principles underpinning the development of 
small-scale management units, and to recommend 
an approach for their implementation.

WHAT IS A MANAGEMENT UNIT?

Effective management units are usually con-
sidered to be self-contained areas in which a fi sh 
stock, fi shery and ecosystem interact, with little 
interference from external factors.  These can be 
viewed in a number of ways, from the perspective 
of each harvested species, each dependent species, 
their habitats and the fi shery.  In all cases, the prin-
ciples governing the size of the unit are the same, 
although the terminology used may be slightly 
different.

The basic principles for defi ning a unit are 
most easily explored in terms of the structure of 
animal populations.  A group of animals that are 
continuously distributed throughout a favourable 
habitat is called a population, the boundary of 
the population being governed by the boundary 
of the habitat. Often, the edge of the habitat is 
graded in quality resulting in diminishing density 
of the population at the periphery (Figure 1a).  If 
the habitat is fragmented then the population is 
fragmented.  The species may then be considered 
to comprise a number of populations (Figure 1b).  
A population is considered isolated when there 
is negligible exchange (immigration/emigration) 
between populations.  Its existence is then depend-
ent on reproduction by individuals within the 
population.  If they remain isolated then each of 
those populations would be a self-sustaining unit.  
If exchange occurs between areas then this would 
be expected to be more likely between nearby 

consecuencias de la pesca.  En general, la obtención temprana de información sobre la 
distribución de las poblaciones locales de kril y la posible densidad de depredadores en 
actividades de alimentación dentro de una unidad de explotación (esto es, abundancia de 
depredadores, distribución de colonias, y radio de alimentación) ayuda a circunscribir las 
unidades de depredadores y a evaluar el rendimiento anual a largo plazo.  Se propone 
que en su etapa inicial la pesquería se concentre en un pequeño número de unidades de 
forma que la intensidad relativa de la pesca en esas unidades sea equivalente, aunque no 
necesariamente igual, a la intensidad prevista en todas las unidades al alcanzarse el límite 
de captura.  También se podrían controlar otras unidades que no están siendo explotadas.  
Con este proceso se podría determinar si el límite de captura afectaría negativamente a 
los depredadores de una unidad cualquiera de depredadores.  De esta manera, se puede 
determinar mucho antes de alcanzar el límite de captura si se necesita aplicar restricciones 
locales en la explotación, así como los requisitos generales del programa de seguimiento.

Keywords:  ecosystem approach, krill fi sheries, krill predators, management units, 
scales of units, conceptual model, CCAMLR
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areas than distant areas (Figure 1c).  An area with 
a well-mixed group of individuals is known as a 
‘local population’.  A collection of local populations 
with some exchange between them is known as a 
‘metapopulation’ (Andrewartha and Birch, 1984).

Defi ning a discrete metapopulation is diffi -
cult, particularly for marine species.  For bentho-
pelagic species, a whole continental shelf may 
defi ne a metapopulation.  For pelagic species, meta-
populations may be constrained within large ocean-
ographic features (frontal zones, eddies, gyres).  
Local populations in these areas are considered 
to be areas where discrete and predictable concen-
trations of abundance are observed.

For a dependent species, a unit is defi ned 
not only in terms of identifi ed local populations, 
such as land-based colonies, but also in terms 
of the relative independence of foraging areas 
(Figure 2).  This latter point is important because 
if two predator colonies feed in the same area then 
they are effectively in the same ‘foraging unit’.  
If a single local population of prey exclusively 
supports a number of colonies made up of different 
predator species then this would be a discrete 
unit.  However, some predator species may be 
wide-ranging foragers of many local populations 
of prey (e.g. whales), while others may be very 
local, not utilising much of the area of a local prey 
population.

For fi sheries, the unit is an area within which 
vessels concentrate their activities, i.e. a ‘fi shing 
ground’ (Figure 3).   A fi shing ground is an area in 
which the long-term economic effi ciency is expected 
to be greatest (from one season to another).  The 
ability to reduce the size of the fi shing ground 
further will be dictated by the economic costs that 
might be involved.  Movement from one fi shing 
ground to another will have an economic cost.  The 
fi shing ground may be within the area inhabited 
by a local population of the harvested species or 
may encompass a number of local populations, 
depending on the scale of operations relative to the 
scale of the populations.

INTEGRATING DIFFERENT 
CHARACTERISTICS INTO
MANAGEMENT UNITS

Ideally, a management unit is one in which 
the predator–prey system is relatively independent 
of other systems or, at least, the links between the 
units are predictable.  By necessity, two types of 
unit need to be identifi ed because the scales will 
inevitably be different between areas of harvested 

species populations and foraging ranges of pre-
dators.  The fi rst type of unit is a larger-scale area 
circumscribing the managed population of the har-
vested species, referred to below as the ‘harvesting 
unit’.  The second type is smaller and comprises 
the relatively independent predator–prey–fi shery 
system, referred to below as the ‘predator unit’ 
(Figure 4).  Conceivably, the size of the harvesting 
and predator units may be the same but this is 
unlikely.  The scales of the fi shing grounds will not 
impact on the initial designation of the predator 
units but they will infl uence how those units will 
be used in a management procedure for krill (see 
below).

The harvesting unit is likely to comprise a 
number of fi shing grounds and will most likely 
circumscribe a metapopulation of the target spe-
cies, e.g. Antarctic krill (E. superba) is assessed at 
the scale of the South Atlantic. This is the scale 
at which sustainability of fi shing on the stock is 
assessed, such as by using the krill yield model to 
determine a long-term annual yield for krill (see 
Constable et al., 2000 for review).

The predator unit is constrained by the spatial 
location and extent of the independent predator 
foraging areas and the location and extent of the 
local populations of prey.  If the foraging areas are 
contained within the range of the local population 
of prey then the spatial extent of the local prey 
population is the constraining feature.

The scale of predator units is such that the 
harvesting strategy within each of these units may 
differ depending on the requirements for achieving 
ecosystem objectives as well as requirements for 
monitoring the effects of fi shing.  CCAMLR has 
agreed to maintain the ecosystem monitoring 
program for the latter purpose.  Preferably, fi sh-
ing in a designated predator unit should not inad-
vertently affect predators being monitored in other 
units.  If this is not possible then the nature (not 
necessarily magnitude) of the effect of a fi shery 
in one area on predators in another area needs 
to be predictable, e.g. a reduction in krill in one 
area leads to a reduction in its availability in an-
other.  Consequently, transport of krill need not 
be a defeating feature of the system if the movement 
is predictable in a particular direction.

It is important to consider the potential dif-
ferences in the extent of foraging by different 
species. Figure 4 illustrates the potentially all-
encompassing foraging ranges of whales; this 
could also be applied to other species, such as 
fl ying birds.   In such circumstances, predator units 
may be better specifi ed in terms of a subset of 
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predators, such as land-based predators, par-
ticularly if they are the parts of the system 
most easily monitored, while taking account of 
the uncertainties associated with the potential 
infl uence of wider-ranging predators.

USING MANAGEMENT UNITS TO MANAGE 
ANTARCTIC FISHERIES:  INDICATORS 
AND FEEDBACK MANAGEMENT

Defi ning Predator Units:  Small-scale Features 
within Harvesting Units

The South Atlantic region (Area 48) provides 
the best illustration of how to defi ne predator 
units because it is the region for which the greatest 
knowledge is available.  As such, it provides an 
opportunity for examining how the effects of 
krill fi shing might be assessed in this region 
and, therefore, provides guidance as to how the 
development of krill fi shing should be monitored 
in other regions, which have received little 
attention by krill fi shers at this stage.

Models of the oceanography and distribution 
of krill in the South Atlantic have been published 
over the last decade, with the most recent analysis 
arising from the CCAMLR 2000 Synoptic Survey 
of Krill in Area 48 (SC-CAMLR, 2000b).  Ichii and 
Naganobu (1996) show that for the South Shetland 
Islands region the dominant current is the west–east 
fl ow of the Antarctic Circumpolar Current (ACC) 
to the north of the shelf break.  Over the shelf area, 
the fl ow is reversed.  Hofman et al. (1998) present a 
model of the dominant fl ows in the South Atlantic 
with potential transport of krill from the Antarctic 
Peninsula to South Georgia and beyond.  Ichii and 
Naganobu (1996) estimate from their studies that 
krill could be transported to South Georgia and to 
the South Orkney Islands from the South Shetland 
Islands in as little as 110 to 120 days and 85 days 
respectively.  Siegel (2000) describes the seasonal 
movement of krill between offshore and inshore 
waters of the Antarctic Peninsula and how this 
will infl uence the movement of krill in the ACC.  
This adds to the complexity of the metapopulation 
dynamics of the region, with more work needed to 
quantify the vectors of net transport between the 
local populations in the region.

Despite the uncertainties in krill transport, 
there are recognised areas where krill is expected 
to aggregate based on empirical observations, 
including the Antarctic Peninsula (Kawaguchi 
et al., 1997; Siegel et al., 1997; Siegel, 2000), the 
South Orkney Islands (SC-CAMLR, 2000b) and 
South Georgia (Trathan et al., 1998; Brierley et 

al., 1999).  In the Antarctic Peninsula, krill is ex-
pected to aggregate in the Bellingshausen Sea/
southwestern Antarctic Peninsula, north of King 
George and Livingston Islands, and Elephant 
Island (Kawaguchi et al., 1997; Siegel et al., 1997; 
Siegel, 2000).  These may contain the equivalent of 
fi ve local populations with net transport of krill in 
a west-to-east direction.  Importantly, these areas 
could be considered separate small-scale areas if 
the vector of transport is relatively predictable from 
one year to another.  Eventually, quantifi cation of 
those vectors would help in developing models 
of the spatial dynamics of krill in the region and 
assist in interpreting results from the CCAMLR 
Ecosystem Monitoring Program (CEMP).

General foraging areas for land-based predators 
in the region have been described in Everson and 
de la Mare (1996).  These areas are contained within 
125 km of the coastline around the island groups 
and the Peninsula.

The fi shing grounds in the region are well 
described for South Georgia (Trathan et al., 1998) 
and the South Shetland Islands (Kawaguchi et 
al., 1997) and plots of the areas of fi shing activity 
are available in the annual CCAMLR Statistical 
Bulletin.  To illustrate the general location of these 
grounds, an analysis was undertaken of fi ne-scale 
catch data for Area 48 using the historical dataset 
that is complete, i.e. 1988–2000.  The total catch 
of krill over this period in each fi ne-scale area 
(0.5° latitude x 1° longitude) is shown in Figure 5.  
This indicates that the fi shing grounds are con-
sistent with the areas considered to contain local 
populations of krill.  This indicates also that very 
little fi shing has occurred on the local population 
in the southwestern Antarctic Peninsula west of 
62°W, probably because of ice conditions.

Apart from the subdivision in the vicinity of 
the Antarctic Peninsula, the fi shery information 
illustrated in Figure 5 indicates that the South 
Orkney and South Georgia regions could be further 
divided.  The South Orkney area could be divided 
into east and west at 46°W and the South Georgia 
fi shery could be divided into east and west at 37°W 
(see Trathan et al., 1998 for a more detailed analysis 
for South Georgia).

The relative importance of the different fi shing 
grounds provides some indication of the relative 
importance of the different local populations of 
krill to the fi shery and the potential for competition 
with predators.  The fi ne-scale area data were ana-
lysed to determine how much fi shing occurred in 
the predator foraging areas defi ned by Everson 
and de la Mare (1996).  Very few catches occurred 
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outside these areas, indicating that the current 
fi shery occurs almost entirely within the foraging 
ranges of land-based predators.

Using the fi shery information as an approx-
imation for local krill populations and combined 
with the land-based predator information, a con-
ceptual model of predator units can be formulated 
for the South Atlantic area as shown in Figure 6.  
Such a model could be further refi ned by analysing 
available data on local krill distributions and 
updated predator foraging information.

The potential overlap between the fi shery 
and predators throughout a year may alter as a 
result of changing fi shing patterns during the 
year.  Figure 7 shows the relative contributions of 
the different areas in Figure 6 to the total catch in 
each season, from winter 1987 to autumn 2000, 
using the fi ne-scale data.  The results show that 
the King George and Livingston Island area has 
been fi shed consistently since 1988 and is the most 
important area in the current fi shery.  The South 
Orkney and South Georgia regions have generally 
declined in importance since 1991, although they 
have been important in some years since then.  In 
this analysis, Elephant Island appears relatively 
unimportant in the fi shery. The differentiation 
between the eastern and western parts of South 
Orkney and South Georgia areas is evident, with 
the important areas being to the west and to 
the east respectively.  Importantly, these results 
generally show the persistence of the krill fi shery 
in the southern areas during autumn and winter 
periods since autumn 1996 and winter 1998 
respectively.  This has increased to the extent that 
the autumn fi shery around the South Shetland 
Islands is dominating the annual catch.  This is 
most likely due to reduced ice cover at those times 
(see Constable et al., in press).

INDICATORS AND FEEDBACK 
MANAGEMENT

Within a harvesting unit a fi shery will be 
expected to meet the objectives of CCAMLR.  
The potential for localised effects on predators 
of harvested species is great unless the harvest 
controls include more than just a total allowable 
catch for a harvesting unit (Watters and Hewitt, 
1992).  In 2000, CCAMLR adopted a subdivision of 
the catch limit in Area 48 pending further analyses 
and review of appropriate catch controls in local-
ised areas.  The strategy (in space and/or time) for 
subdividing the catch needs to: (i) reduce the 
potential for undesirable local effects on predators; 

and (ii) ensure that, if such effects do arise, they can 
be detected in time to take remedial action.  In the 
latter case, CEMP has been developed to indicate 
when predators are being affected by fi shing.

The complexity of processes within and con-
necting the predator units identifi ed in Figure 6 
would suggest that attention needs to be given to 
specifying what information might reliably indi-
cate whether or not fi shing is affecting predators.  
While the statistical approaches used in CCAMLR 
need to account for the likelihood of occurrence of 
specifi c outcomes, the structural arrangement of 
the monitoring program can still lead to errors in 
decisions about the types of adjustments to harvest 
strategies that might be required. For example, 
Type I errors can arise when it is concluded that 
harvesting needs to be constrained (in catch, space 
or time) because of a decline in predators even 
though the decline may have arisen from causes 
other than krill availability. Such a conclusion 
could be drawn in the absence of contrasting 
information from areas unaffected by fi shing.

Alternatively, Type II errors could arise when 
it is concluded that harvesting need not be con-
strained even though krill availability may have 
altered.  This could occur if harvesting was occur-
ring in one predator unit while monitoring was 
occurring in a different predator unit not affected 
by fi shing.

Establishing a framework in CEMP to strate-
gically acquire similar information from a number 
of different predator units will help discriminate 
between the effects of the environment and the 
effects of fi shing.  One way of achieving this might 
be to establish different fi shing intensities relative 
to predator foraging densities in different predator 
units.  This could be used to provide the signals 
necessary to adjust local catch limits before prob-
lems arise, such as in a feedback management proc-
edure (Constable, 1992).

CONCLUDING REMARKS:  DEVELOPING 
A GENERAL APPROACH TO SUBDIVIDING 
HARVESTING UNITS

The complexities outlined for Area 48 illustrate 
that a number of steps may need to be taken during 
the early phases of fi sheries on prey species, in 
order that the development of the fi shery and the 
maintenance of ecological relationships between 
harvested species and predators can be taken care 
of simultaneously.
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The early acquisition of information from with-
in a harvesting unit on the distribution of local 
populations of krill and the potential foraging den-
sity of predators on these local populations (i.e. 
abundance of predators, distribution of colonies 
and general foraging range) will provide the 
means for circumscribing smaller-scale predator 
units as well as undertaking an assessment of long-
term annual yield.

These predator units can then be used to 
establish strategic monitoring programs which 
can be carried out in a number of selected units 
rather than monitoring throughout the harvesting 
unit.  The early development of the fi shery could 
be concentrated in a small number of units, which 
would depend on the scales of economic effi ciencies 
for the fi shery, to the extent that the relative 
fi shing intensities in those units are equivalent, 
although not necessarily equal, to the intensity 
expected across all units once the catch limit had 
been reached.  Other units in which fi shing was 
not occurring could be monitored as well.  This 
process could help determine whether or not the 
catch limit is likely to cause undesirable effects on 
predators in any of the predator units.

In this way, it may be possible to determine 
whether or not local restrictions on harvesting 
are necessary well in advance of the catch limit 
being reached; likewise for determining the over-
all requirements for the monitoring program.  
It should be noted that the design of this ap-
proach will require careful preparatory work to 
take account of potential linkages between preda-
tor units.  For example, movement of krill through 
the South Atlantic may constrain the utility of 
predator units in this experimental approach.  
Similarly, the economic constraints arising from 
restricting the fi shery to particular areas will need 
to be evaluated.  Such a process could be under-
taken before the trigger levels in existing conser-
vation measures are reached, thereby ensuring 
that information will be available to review the 
subdivision of the catch limits in harvesting 
units.

In conclusion, the process of establishing 
predator units will provide the opportunity for 
understanding how the dependent species in a 
harvesting unit can be monitored effectively.  It may 
be best to ensure that harvesting is concentrated in 
smaller predator units rather than in areas where 
fi shing may affect other species but for which no 
effective monitoring can be undertaken. This is 
potentially a key consideration in achieving the 
objectives of CCAMLR for both land-based and 
sea-based predators.
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a

c

b

(a)

(b)

(c)

Figure 1: Diagrams of population structure.  (a) Single population with greatest densities 
shown in black, reduced density with reduced stippling, and a clear boundary at 
the edge of the habitat.  (b) Two separate populations.  (c) Two metapopulations 
with three local populations in each:  the left hand population has exchange in both 
directions between each of the local populations; the right hand population has one 
local population (top left) acting predominantly as a source population with fl ow 
of individuals mostly in a single direction to a sink population (bottom); exchange 
between the metapopulations is mostly in one direction from left to right.

Whales

Island

Harvest spp.

Figure 2: Schematic diagram showing possible relationships between foraging areas of 
land-based predators (triangles) and sea-based predators (e.g. whales) on local 
populations of a harvested species (dark truncated ovals).  The bottom triangle 
and local population of the harvested species shows a predator–prey system 
independent of the top system.
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Figure 4: Schematic diagram showing the structure of predator units and the relationship 
between predators (land-based – triangles; sea-based, e.g. whales – dotted oval), 
local populations of harvested species and a fi shery (bold dotted line).  Colonies of 
predators that can be monitored are numbered.  The vertical dashed lines separate 
three predator units (see text for explanation).

1 2 3 4 5 6

Figure 3: Schematic diagram showing fi shing grounds as concentrated areas 
of fi shing activity on one or more local populations.  The number of 
local populations in a ground will depend on the scale of the fi shing 
activity compared to the spatial extent of a local population.  Arrows 
indicate fi shing vessel behaviour, e.g. individual hauls.

Ground A Ground B
Ground A Ground B
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Figure 5: Total catch of krill (tonnes) between the 1988 and 2000 split-years in each fi ne-scale area 
(0.5° latitude x 1° longitude) in the South Atlantic (CCAMLR Area 48).  Shaded circles are 
proportional to the size of catch.  Dashed lines are vertical bars relating each shaded circle to the 
coordinates of the fi ne-scale area.  Black squares are fi ne-scale areas in which land is present.  
KGL = King George and Livingston Islands; EI = Elephant Island; SO = South Orkney Islands; 
SG = South Georgia.

Figure 6: Conceptual model of predator units in the South Atlantic harvesting unit (Area 48) based on 
knowledge of local populations of krill, oceanography, predator foraging ranges and fi shing 
grounds.  Black ellipses represent local populations of krill; grey circles represent land-based 
predator foraging areas.  Arrows indicate potential movement of krill between local populations.  
Dashed lines show separation between the predator units:  AP = Antarctic Peninsula, KGL = 
King George and Livingston Islands, EI = Elephant Island, SO = South Orkney Islands, SG = 
South Georgia, WS = Weddell Sea.  Vertical lines at SO and SG indicate potential subdivision of 
predator units based on different fi shing grounds in these two regions (white ellipses illustrate 
apparently less important local krill areas based on catch data from the krill fi shery).
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Figure 7: Total krill catch (tonnes) for each statistical subarea in the South Atlantic 
region for each season from July 1987 to June 2000:  Subarea 48.3 (top 
panel), Subarea 48.2 (middle panel) and Subarea 48.1 (bottom panel).  The 
season marked by each title year and the vertical dashed lines is winter 
(July–September).  Each check mark following a title year represents con-
secutive seasons of spring (October–December), summer (January–March) 
and autumn (April–June).  Catches are broken down in each season and 
subarea to show catches in each of the fi shing areas described in the text.
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Liste des fi gures

Figure 1: Diagrammes de la structure des populations.  a) Une population unique avec les densités les plus élevées 
en noir, les densités réduites en pointillage plus clairsemé, et une limite distincte en bordure de l’habitat.  
b) Deux populations séparées.  c) Deux métapopulations, comprenant chacune trois populations locales :  
pour la population de gauche, il existe un échange dans les deux sens entre chacune des populations 
locales; pour celle de droite, une population locale (en haut, à gauche) sert en grande partie de population 
d’origine, avec un fl ux d’individus pratiquement dans un seul sens vers une population réservoir (en 
bas); les échanges entre les métapopulations n’ont lieu en général que dans un sens, de gauche à droite.

Figure 2: Diagramme schématique des relations possibles entre les secteurs d’alimentation des prédateurs 
terrestres (triangles) et des prédateurs marins (cétacés, par ex.) de populations locales d’une espèce 
exploitée (ovales tronqués foncés).  Le triangle du bas et la population locale de l’espèce exploitée 
représentent un système prédateur–proie indépendant du système du haut.

Figure 3: Diagramme schématique des lieux de pêche en tant que secteurs d’activités de pêche concentrées sur 
une ou plusieurs populations locales.  Le nombre de populations locales sur un lieu dépend de l’échelle 
de l’activité de pêche par rapport à l’étendue spatiale d’une population locale.  Les fl èches indiquent le 
comportement des navires de pêche, par ex., les chalutages individuels.

Figure 4: Diagramme schématique de la structure des unités des prédateurs et des relations entre les prédateurs 
(terrestres – triangles; marins (cétacés, par ex.) – ovales en pointillés), les populations locales d’espèces 
exploitées et une pêcherie (ligne épaisse en pointillés en trait gras).  Les colonies de prédateurs pouvant 
être contrôlées sont numérotées.  Les lignes verticales en tirets séparent trois unités de prédateurs (cf. 
texte pour explication).

Figure 5: Total des captures de krill (tonnes) entre les années australes 1988 et 2000 dans chaque secteur à échelle 
précise (de 0,5° de latitude x 1° de longitude) de l’Atlantique Sud (zone 48 de la CCAMLR).  Les cercles 
hachurés sont proportionnels à la taille de la capture.  Les lignes en tirets sont des barres verticales reliant 
chaque cercle hachuré aux coordonnées du secteur à échelle précise.  Les carrés noirs représentent les 
secteurs à échelle précise comprenant des secteurs terrestres.  KGL = îles du Roi George et Livingston; EI 
= île Eléphant; SO = îles Orcades du Sud; SG = Géorgie du Sud.

Figure 6: Modèle conceptuel des unités des prédateurs dans l’unité d’exploitation de l’Atlantique Sud (zone 48) 
fondé sur nos connaissances des populations locales de krill, l’océanographie, les secteurs d’alimentation 
des prédateurs et les lieux de pêche.  Les ellipses noires représentent les populations locales de krill; les 
cercles gris représentent les secteurs d’alimentation des prédateurs terrestres.  Les fl èches indiquent le 
déplacement potentiel du krill entre les populations locales.  Les lignes en tirets indiquent la séparation 
entre les unités des prédateurs :  AP = péninsule antarctique, KGL = îles du Roi George et Livingston, EI = 
île Eléphant, SO = îles Orcades du Sud, SG = Géorgie du Sud, WS = mer de Weddell.  Les lignes verticales 
à SO et SG indiquent une subdivision potentielle des unités des prédateurs fondée sur les différents lieux 
de pêche de ces deux régions (les ellipses blanches illustrent des secteurs locaux de krill qui semblent 
moins importants, d’après les données de capture de la pêcherie de krill).

Figure 7: Capture totale de krill (tonnes) de chaque sous-zone statistique dans la région de l’Atlantique Sud pour 
chaque saison de juillet 1987 à juin 2000 : sous-zone 48.3 (cadre du haut), sous-zone 48.2 (cadre du milieu) 
et sous-zone 48.1 (cadre du bas).  Pour chaque année donnée, le repère et les lignes verticales en tirets 
représentent l’hiver (juillet–septembre), et les repères suivants représentent les saisons consécutives : 
printemps (octobre–décembre), été (janvier–mars) et automne (avril–juin).  Les captures sont ventilées 
par saison et par sous-zone pour montrer les captures provenant de chacun des secteurs de pêche décrits 
dans le texte.

Список рисунков

Рис. 1: Диаграммы популяционной структуры. (a) Одна популяция; самая высокая плотность показана 
черным, меньшая плотность – меньшей плотностью точек, с четкой границей по краю ареала. 
(b) Две различные популяции. (c) Две метапопуляции, по 3 локальных популяции в каждой: 
в популяции слева происходит обмен в обоих направлениях между всеми локальными 
популяциями; в популяции справа одна локальная популяция (слева вверху) выступает как 
отдающая популяция с потоком особей преимущественно в одном направлении в сторону 
принимающей популяции (внизу); обмен между метапопуляциями происходит главным образом 
в направлении слева направо.



Constable and Nicol

130

Рис. 2: Схематическая диаграмма, показывающая возможные взаимосвязи между ареалами кормления 
обитающих на суше (треугольники) и морских хищников (например, китов), охотящихся на 
локальные популяции промысловых видов (темные усеченные овалы). Нижний треугольник и 
локальная популяция промысловых видов показывает систему хищник–жертва, независимую от 
верхней системы.

Рис. 3: Схематическая диаграмма, показывающая промысловые участки как места концентрации 
промысловой деятельности, направленной на одну или несколько локальных популяций. Число 
локальных популяций на участке зависит от масштаба промысловой деятельности по сравнению 
с пространственным протяжением локальной популяции. Стрелками показано поведение 
промысловых судов, например, отдельные траления.

Рис. 4: Схематическая диаграмма, показывающая структуру единиц хищников и взаимосвязь между 
хищниками (наземные – треугольники; морские, например киты, – точечный овал), локальными 
популяциями промысловых видов и промыслом (жирная пунктирная линия). Колонии хищников, 
где возможен мониторинг, пронумерованы. Вертикальные пунктирные линии разделяют 3 
единицы хищников (см. текст).

Рис. 5: Общий вылов криля (т) с 1988 по 2000 разбитые годы в каждом мелкомасштабном районе 
(0.5° широты x 1° долготы) в южной Атлантике (Район 48 АНТКОМа). Закрашенные кружки 
пропорциональны размеру вылова. Пунктирные вертикальные отрезки связывают каждый 
заштрихованный кружок с координатами мелко-масштабного района. Черные квадраты 
– мелкомасштабные районы с участками суши. KGL = о-ва Кинг-Джордж и Ливингстон; EI = о-в 
Элефант; SO = Южные Оркнейские о-ва; SG = Южная Георгия.

Рис. 6: Концептуальная модель единиц хищников в промысловой единице южной Атлантики (Район 48) 
на основе знаний о локальных популяциях криля, океанографии, ареалах кормления хищников и 
промысловых участках. Черные эллипсы показывают локальные популяции криля; серые круги 
– ареалы кормления обитающих на суше хищников. Стрелками показано возможное движение 
криля между локальными популяциями. Пунктиром показано разделение между единицами 
хищников: AP = Антарктический п-ов, KGL = о-ва Кинг-Джордж и Ливингстон, EI = о-в Элефант, 
SO = Южные Оркнейские о-ва, SG = Южная Георгия, WS = море Уэдделла. Вертикальные линии 
на SO и SG показывают возможное подразделение единиц хищников на основе различных 
промысловых участков в этих двух регионах (белые эллипсы показывают, предположительно, 
менее важные локальные районы криля, судя по данным об уловах при промысле криля).

Рис. 7: Общий вылов криля (т) по статистическим подрайонам южной Атлантики за каждый сезон с 
июля 1997 по июнь 2000 г.: Подрайон 48.3 (верхний рисунок), Подрайон 48.2 (средний рисунок) 
и Подрайон 48.1 (нижний рисунок). Пометка для каждого года и вертикальная пунктирная линия 
соответствуют зиме (июль–сентябрь). Каждая отметка за годом представляет последовательные 
сезоны: весну (октябрь–декабрь), лето (январь–март) и осень (апрель–июнь). Уловы разбиты по 
всем сезонам и подрайонам, чтобы показать вылов в каждом районе промысла, описанном в 
тексте.

Lista de las fi guras

Figura 1: Diagramas de la estructura demográfi ca.  (a) Una sola población donde la mayor densidad se muestra 
en negro, a medida que la densidad se reduce el punteado se hace menos denso, y un límite defi nido del 
hábitat.  (b) Dos poblaciones distintas.  (c) Dos metapoblaciones con tres poblaciones locales cada una:  la 
metapoblación de la izquierda tiene un intercambio en ambos sentidos entre cada una de las poblaciones 
locales; la metapoblación de la derecha tiene una población local (extremo superior izquierdo) que actúa 
principalmente como una población fuente con fl ujo de individuos en su mayoría en una sola dirección 
hacia una población receptora (extremo inferior); el intercambio entre las metapoblaciones ocurre 
principalmente de izquierda a derecha.  

Figura 2: Diagrama esquemático que muestra las posibles relaciones entre las zonas de alimentación de los 
depredadores que se reproducen en tierra (triángulos) y aquellos que se reproducen en el mar (p.ej. 
ballenas) y las poblaciones locales de especies explotadas (óvalo oscuro truncado).  El triángulo inferior 
y la población local de las especies explotadas muestra un sistema depredador–presa independiente del 
sistema mostrado en el extremo superior.

Figura 3: Diagrama esquemático donde los caladeros de pesca se muestran como áreas donde la pesca se concentra 
en una o más poblaciones locales.  El número de poblaciones locales en un caladero dependerá de la 
intensidad de pesca en relación con la distribución espacial de una población local.  Las fl echas muestran 
las actividades del barco de pesca, por ejemplo, lances individuales.
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Figura 4: Diagrama esquemático que muestra la estructura de las unidades de depredadores y la relación entre los 
depredadores (aquellos que se reproducen en tierra – triángulos; los que se reproducen en el mar (p.ej. 
ballenas) – óvalo punteado), las poblaciones locales de especies explotadas y una pesquería cualquiera 
(línea punteada gruesa).  Se enumeran las colonias de depredadores que pueden ser controladas.  Las 
líneas verticales entrecortadas separan tres unidades de depredadores (ver explicación en el texto).

Figura 5: Captura total de kril (toneladas) entre los años emergentes de 1988 a 2000 en cada cuadrícula a escala fi na 
(0,5° de latitud x 1° de longitud) en el Atlántico sur (Área 48 de la CCRVMA).  Los círculos sombreados 
son proporcionales al tamaño de la captura.  Las líneas entrecortadas son barras verticales que relacionan 
cada círculo sombreado a las coordenadas del área a escala fi na.  Los cuadrados negros son áreas a escala 
fi na con un componente terrestre.  KGL = islas Rey Jorge/25 de Mayo y Livingston; EI = isla Elefante; 
SO = islas Orcadas del Sur; SG = Georgia del Sur.

Figura 6: Modelo conceptual de las unidades de depredadores en la unidad de explotación del Atlántico Sur 
(Área 48) basado en el conocimiento de las poblaciones locales de kril, la oceanografía, los radios de 
alimentación de los depredadores y los caladeros de pesca.  Las elipses negras representan las poblaciones 
locales de kril, los círculos grises representan las zonas de alimentación de los depredadores que se 
reproducen en tierra.  Las fl echas indican el posible desplazamiento de kril entre poblaciones locales.  
Las líneas entrecortadas muestran la separación entre las unidades de depredadores:  AP = Península 
Antártica, KGL = islas Rey Jorge/25 de Mayo y Livingston, EI = isla Elefante, SO = islas Orcadas del Sur, 
SG = Georgia del Sur, WS = mar de Weddell.  Las líneas verticales en SO y SG indican una posible 
subdivisión de las unidades de depredadores sobre la base de distintos caladeros de pesca en estas dos 
regiones (las elipses blancas ilustran zonas aparentemente de menor importancia en relación al kril local, 
sobre la base de los datos de captura de la pesquería de kril).

Figura 7: Captura total de kril (toneladas) en cada subárea estadística de la región del Atlántico sur por temporada 
desde julio de 1987 hasta junio de 2000:  Subárea 48.3 (cuadro superior), Subárea 48.2 (cuadro intermedio) 
y Subárea 48.1 (cuadro inferior).  La temporada marcada por el año y la línea vertical entrecortada 
representa el invierno (julio–septiembre).  Cada marca intermedia después de la marca anual representa 
las temporadas consecutivas de primavera (octubre–diciembre), verano (enero–marzo) y otoño (abril–
junio).  Las capturas por temporada y subárea se desglosan para ilustrar las capturas en cada una de las 
áreas de pesca descritas en el texto.




