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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 fishery 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, fishing grounds and the potential influences 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
sufficiently independent for fishing 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 define predator units. The derived conceptual model is then used to formulate an
approach for developing fisheries 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 fishing 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. Itis proposed that the early development of the fishery could be concentrated in a
small number of units in such a way that the relative fishing 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 fishing 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
I'approche qu’il convient de suivre pour définir des unités de gestion a petite échelle qui
tiennent compte des besoins des prédateurs. IIs présentent ce qui servira de base théorique
al’examen des échelles des unités de gestion, a savoir I'intégration des populations locales
des espéces exploitées, les secteurs d’alimentation des prédateurs, les lieux de péche et
les effets potentiels de 1’environnement, tels que I'océanographie et la structure de la
métapopulation des especes exploitées. Pour intégrer ces éléments, il faut concevoir
deux types d'unité : 1" «unité d’exploitation», a I’échelle de la métapopulation des especes
exploitées, et I «unité des prédateurs», qui ne doit pas nécessairement étre un écosystéme
relativement autonome, mais qui doit étre suffisamment indépendant pour que la péche
n'y affecte pas par inadvertance les prédateurs contr6lés dans d’autres unités. La région
de I’Atlantique Sud (zone 48) sert d’exemple pour démontrer comment définir les unités
des prédateurs. Le modele conceptuel qui en est dérivé sert ensuite a la formulation d"une
approche du développement des pécheries visant des espéces de proies, notamment le krill,
dans d’autres unités d’exploitation. Les auteurs examinent la maniere dont les unités des
prédateurs pourront servir, dans le Programme de contrdle de 1’écosystéme de la ccamlr
(cemp), a faciliter la formulation d’avis stratégiques sur les effets de la péche. En général,
l'acquisition précoce d’informations sur la répartition des populations locales de krill et
les densités potentielles de prédateurs a la recherche de nourriture au sein d’une unité
d’exploitation (c.-a-d. '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 a long terme. Selon les auteurs, une pécherie pourrait a ses débuts se concentrer
dans quelques unités de maniére a ce que l'intensité de péche relative dans chaque unité
soit équivalente (mais pas forcément égale) a I'intensité prévue dans toutes les unités, une
fois la limite de capture atteinte. D’autres unités dans lesquelles aucune péche n’aurait
eu lieu pourraient également étre contr6lées. Ce processus pourrait aider a 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 ’exploitation sont nécessaires, et d’identifier les
exigences globales du programme de controle.

Pesrome

B crarbe 00cCyXmaroTcsi NPHUHIMIBL M TIOIXOA, HEOOXOAWMBIE JUIi pa3paboTKu
MEJIKOMacIITaOHbIX CIUHUI] YNpaBIeHHS C YYETOM IOTPEOHOCTEH XHIHHUKOB
B TIpoIecCe YMPaBICHUs IPOMBICIOM aHTApPKTHUECKOro Kpmis. IlpuBomurces
TEOpeTHYEeCKoe O0OCHOBAHME IJIsi PACCMOTPEHHUS MAaclITa0OB €IAWMHHMI YIPaBJICHUS,
BKJIFOYAIONINX HMHTETPAIMIO JIOKAIBHBIX IOMYNISIHNA ITPOMBICIOBBIX BHIOB, apeajioB
KOPMJICHHS ~XMIHUKOB, IIPOMBICIIOBBIX YYaCTKOB M BO3MOXKHOTO BO3/EHCTBHA
OKpYXXaloIlell cpeapl, B T.4. OKeaHOrpapuu W METaloMyISAHOHHOH CTPYKTYpHI
MIPOMBICIIOBBIX BHIOB. C MHTErpaneil 3TUX KOMIIOHEHTOB CBA3aHO 2 THIA €IUHMIL
«EIAMHULBI TPOMBICIA», KOTOpPBIE HMMEIOT MaciuTad METaIoIyJIsIii ITPOMBICIOBBIX
BUJIOB, M «EIUHMIIBI XHUIIHHKOBY», KOTOPbIE HE 00A3aTENBHO SBJSIIOTCS OTHOCHUTEIIBHO
ABTOHOMHBIMH 3KOCHCTEMaMH, HO JOJDKHBI OBITH JOCTaTOYHO HE3aBHCHUMBIMH, YTOOBI
MIPOMEBICEINT B TaKOW E€JMHHUIIE HE MOT CIly4ailHO MOBIUATH HAa XUIIHUKOB, MOHUTOPHUHT
KOTOPBIX BEAETCAd B JpYyruX eAuHHnax. Jas WIIIOCTpalMK ONPENEIECHUs E€IUHMHIL
XUIIHUKOB HWCIONB3yeTcss paiioH toxHOW Atnantuku (Paiion 48). Ilomyuennas
KOHIIETITYaJIbHAsl MOJENb 3aTeM HCIIOIb3YeTCsl, YTOOBI COpPMYIHpOBaTh IIOIXOA K
Pa3BUTHIO IIPOMBICIIA TOTPEONIIEMBIX BUIIOB, OCOOCHHO KPWJISl, B IPYTUX IPOMBICIOBBIX
enuHuLax. OOCYXKIAOTCSl IyTH BO3MOXKHOTO HCIIONB30BAHMS E€JMHUI] XHUIIHUKOB JUIS
BBIPAOOTKH CTPaTern4ecKUX PEKOMEHAAINH, KacaroIlUXcs BO3JEHCTBHS IPOMBICIA, B
pamkax [Iporpammer AHTKOMa no monutopunry skocucremsl (CEMP). B nenom,
paHHEee mMoiydeHHEe HH(POPMAIMU O pACHpPEICICHUH JIOKATbHBIX MOMYISIIUN KPHIII
U MOTEHIMAIbHON IUIOTHOCTH KOPMJIEHHSI XHUIIMHUKOB C KaKOTO-TO IPOMBICIOBOTO
ydacTka (T.€. YHCICHHOCTH XMIIIHUKOB, PAacTIpeeICHIH KOJIOHUH U apeajie KOpMIICHNUS)
MO3BOJIMT ONPEAEIUTh SAUHUIIBI XUIHIKOB, a TAKKe IPOBECTH OLEHKY JOITOCPOYHOTO
€)XKEerofHOTo BbIIOBA. [Ipenmaraercs, 94ToObI paHHHE CTaJUM Pa3BUTHSA MIPOMBICIA OBLIN
CKOHILIEHTPUPOBAHbI Ha HEOOJIBIIOM KOJMYECTBE YYacCTKOB TaK, YTOOBI OTHOCHTENIbHAsS
MHTEHCHBHOCTH MIPOMBICJIA HA 3THX y4YacTKax OblIa 3KBHBAJICHTHA, HO HE 00513aTEIbHO
paBHa, UHTEHCUBHOCTH, OXKUA€MOM Ha BCEX y4acTKax MU AOCTHKCHUH OTPAaHUYEHUS Ha
BBIIOB. TakKe MOXET MPOBOIUTCS MOHUTOPHHT €IMHHI], B KOTOPBIX IPOMBICEI HE BEICSL.
OTO MO3BOJUT ONPENENIUTh, MOXKET U OTPAaHUYCHUE HA BBHUIOB MMETh HEXeNaTelbHbIC
MOCEACTBHUS JUIl XWIIHUKOB HAa y4YacTKaX «XHIIHUKOBY». TakuMm criocoOOM MOKHO
OTPENIeNUTh, 33100 10 JOCTHKEHUS OTPaHUUYEHHs Ha BBUIOB, HYXKHBI JIM JIOKAJTbHBIC
OTpaHWYCHUS Ha BBUIOB, a TAKXKe 00IIHe TPeOOBAHUS IPOTrPaMMbl MOHUTOPHHTA.

Resumen

Este trabajo trata sobre los principios y enfoque necesarios para el desarrollo de las
unidades de ordenacién en pequefia escala que toman en cuenta las necesidades de
los depredadores en la ordenacién de la pesqueria del kril antartico. Se presenta
un fundamento tedrico para considerar la escala de las unidades de ordenacién que
integra las poblaciones locales de especies explotadas, las zonas de alimentacién de
los depredadores, los caladeros de pesca y las posibles influencias del medio ambiente,
incluida la oceanografia y la estructura metapoblacional de las especies explotadas. La
integracién de estos componentes se relaciona con dos tipos de unidades diferentes:
las ‘unidades de explotacién’, a la misma escala de la metapoblacién de las especies
explotadas y las ‘unidades de depredadores’, que no se refieren necesariamente a un
ecosistema autosuficiente, pero si deben ser lo suficientemente independientes como para
sostener la pesca en esa unidad sin que los depredadores estudiados en otras unidades se
vean afectados. La region del Atlantico sur (Area 48) ha sido utilizada para ilustrar cémo
se definen las unidades de depredadores. El modelo conceptual derivado es utilizado
luego para formular una estrategia de desarrollo de las pesquerias de las especies
presa, en particular, del kril, en otras unidades de explotacién. Se considera como se
podria utilizar las unidades de depredadores para que el programa de seguimiento del
ecosistema de la CCRVMA (CEMP) pueda brindar informacién estratégica sobre las
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consecuencias de la pesca. En general, la obtencién temprana de informacién sobre la
distribucién de las poblaciones locales de kril y la posible densidad de depredadores en
actividades de alimentacién dentro de una unidad de explotacién (esto es, abundancia de
depredadores, distribucién de colonias, y radio de alimentacién) ayuda a circunscribir las
unidades de depredadores y a evaluar el rendimiento anual a largo plazo. Se propone
que en su etapa inicial la pesqueria se concentre en un pequefio niimero 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 limite
de captura. También se podrian controlar otras unidades que no estan siendo explotadas.
Con este proceso se podria determinar si el limite de captura afectaria negativamente a
los depredadores de una unidad cualquiera de depredadores. De esta manera, se puede
determinar mucho antes de alcanzar el limite de captura si se necesita aplicar restricciones
locales en la explotacién, asi como los requisitos generales del programa de seguimiento.

Keywords: ecosystem approach, krill fisheries, krill predators, management units,
scales of units, conceptual model, CCAMLR

INTRODUCTION

The ecosystem approach to managing fisheries
in the Southern Ocean requires that the needs of
predators (dependent species) be taken into account
when setting fishing controls on harvested species.
CCAMLR has adopted specific objectives for the
implementation of a precautionary approach to
krill fisheries 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 fishery (Constable
et al., 2000).

CCAMLR currently manages its fisheries by
setting catch limits for statistical subdivisions of
the CCAMLR Convention Area. In the case of
the fishery 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 fishery 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 fishery
(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 AMANAGEMENT UNIT?

Effective management units are usually con-
sidered to be self-contained areas in which a fish
stock, fishery 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 fishery. 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 defining 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
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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).

Defining a discrete metapopulation is diffi-
cult, particularly for marine species. For bentho-
pelagic species, a whole continental shelf may
define 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 defined
not only in terms of identified 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 fisheries, the unit is an area within which
vessels concentrate their activities, i.e. a ‘fishing
ground’ (Figure 3). A fishing ground is an area in
which the long-term economic efficiency is expected
to be greatest (from one season to another). The
ability to reduce the size of the fishing ground
further will be dictated by the economic costs that
might be involved. Movement from one fishing
ground to another will have an economic cost. The
fishing 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 identified because the scales will
inevitably be different between areas of harvested
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species populations and foraging ranges of pre-
dators. The first 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—fishery
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 fishing grounds will not
impact on the initial designation of the predator
units but they will influence how those units will
be used in a management procedure for krill (see
below).

The harvesting unit is likely to comprise a
number of fishing 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 fishing 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 fishing. CCAMLR has
agreed to maintain the ecosystem monitoring
program for the latter purpose. Preferably, fish-
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 fishery
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
flying birds. In such circumstances, predator units
may be better specified 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
influence of wider-ranging predators.

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

Defining Predator Units: Small-scale Features
within Harvesting Units

The South Atlantic region (Area 48) provides
the best illustration of how to define 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 fishing might be assessed in this region
and, therefore, provides guidance as to how the
development of krill fishing should be monitored
in other regions, which have received little
attention by krill fishers 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
flow of the Antarctic Circumpolar Current (ACC)
to the north of the shelf break. Over the shelf area,
the flow is reversed. Hofman et al. (1998) present a
model of the dominant flows 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 influence 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
five 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, quantification 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 fishing 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 fishing activity
are available in the annual CCAMLR Statistical
Bulletin. To illustrate the general location of these
grounds, an analysis was undertaken of fine-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 fine-scale area
(0.5° latitude x 1° longitude) is shown in Figure 5.
This indicates that the fishing grounds are con-
sistent with the areas considered to contain local
populations of krill. This indicates also that very
little fishing 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 fishery 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
fishery 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 fishing
grounds provides some indication of the relative
importance of the different local populations of
krill to the fishery and the potential for competition
with predators. The fine-scale area data were ana-
lysed to determine how much fishing occurred in
the predator foraging areas defined by Everson
and de la Mare (1996). Very few catches occurred
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outside these areas, indicating that the current
fishery occurs almost entirely within the foraging
ranges of land-based predators.

Using the fishery 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 refined by analysing
available data on local krill distributions and
updated predator foraging information.

The potential overlap between the fishery
and predators throughout a year may alter as a
result of changing fishing 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 fine-scale data. The results show that
the King George and Livingston Island area has
been fished consistently since 1988 and is the most
important area in the current fishery. 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 fishery. 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 fishery
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 fishery 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 fishery 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;
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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 fishing.

The complexity of processes within and con-
necting the predator units identified in Figure 6
would suggest that attention needs to be given to
specifying what information might reliably indi-
cate whether or not fishing is affecting predators.
While the statistical approaches used in CCAMLR
need to account for the likelihood of occurrence of
specific 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 fishing.

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 fishing.

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 fishing. One way of achieving this might
be to establish different fishing 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 fisheries on prey species, in
order that the development of the fishery 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 fishery could
be concentrated in a small number of units, which
would depend on the scales of economic efficiencies
for the fishery, to the extent that the relative
fishing 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 fishing 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 fishery 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
fishing 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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Figure 1:

Figure 2:
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(CY

(b)

(©)

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 flow
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.

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 3: Schematic diagram showing fishing grounds as concentrated areas

of fishing activity on one or more local populations. The number of
local populations in a ground will depend on the scale of the fishing
activity compared to the spatial extent of a local population. Arrows
indicate fishing vessel behaviour, e.g. individual hauls.

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 fishery (bold dotted line). Colonies of

predators that can be monitored are numbered. The vertical dashed lines separate
three predator units (see text for explanation).
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Figure5:  Total catch of krill (tonnes) between the 1988 and 2000 split-years in each fine-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 fine-scale area. Black squares are fine-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 fishing
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 fishing grounds in these two regions (white ellipses illustrate
apparently less important local krill areas based on catch data from the krill fishery).
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Figure7:  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 fishing areas described in the text.
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Liste des figures

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 I'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, a gauche) sert en grande partie de population
d’origine, avec un flux 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 a droite.

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 espéce
exploitée (ovales tronqués foncés). Le triangle du bas et la population locale de 1’espece exploitée
représentent un systéme prédateur—proie indépendant du systéme du haut.

Diagramme schématique des lieux de péche en tant que secteurs d’activités de péche concentrées sur
une ou plusieurs populations locales. Le nombre de populations locales sur un lieu dépend de 1’échelle
de l'activité de péche par rapport a 1'étendue spatiale d'une population locale. Les fleches indiquent le
comportement des navires de péche, par ex., les chalutages individuels.

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’especes
exploitées et une pécherie (ligne épaisse en pointillés en trait gras). Les colonies de prédateurs pouvant
étre contrdlées sont numérotées. Les lignes verticales en tirets séparent trois unités de prédateurs (cf.
texte pour explication).

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

Modele conceptuel des unités des prédateurs dans I'unité d’exploitation de I’Atlantique Sud (zone 48)
fondé sur nos connaissances des populations locales de krill, I'océanographie, les secteurs d’alimentation
des prédateurs et les lieux de péche. Les ellipses noires représentent les populations locales de krill; les
cercles gris représentent les secteurs d’alimentation des prédateurs terrestres. Les fleches 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 = iles du Roi George et Livingston, EI =
ile Eléphant, SO = iles Orcades du Sud, SG = Géorgie du Sud, WS = mer de Weddell. Les lignes verticales
a SO et SG indiquent une subdivision potentielle des unités des prédateurs fondée sur les différents lieux
de péche de ces deux régions (les ellipses blanches illustrent des secteurs locaux de krill qui semblent
moins importants, d’apreés les données de capture de la pécherie de krill).

Capture totale de krill (tonnes) de chaque sous-zone statistique dans la région de 1’Atlantique Sud pour
chaque saison de juillet 1987 a 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 repeére et les lignes verticales en tirets
représentent 1'hiver (juillet-septembre), et les repéres 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 péche décrits
dans le texte.

CIHucoK pHCYHKOB

JlmarpaMMBbl OMYIAMOHHON CTPYKTYpBL. () OHa mOmynanus; camasi BRICOKasl ITNIOTHOCTh MOKa3aHa
YepHBIM, MEHbBINIAS MJIOTHOCTh — MEHBIIEH IJIOTHOCTBIO TOUEK, C YETKOM IpaHHUIIeH MO Kparo apeana.
(b) [IBe paznuunbie momymsud. (c) [IBe MeTamomynsuH, 1o 3 JOKAJIBHBIX MOMYNSIHHA B KaXKIOH:
B MONYJSIUM CJI€BAa HPOUCXOMUT OOMEH B O0OMX HAaIlPaBICHHUSX MEXIY BCEMH JIOKaJIbHBIMH
MOMYJISIUSAMY; B TOMYJSIMK CIpaBa OJHA JIOKAIbHAs TOIMYJIALUsS (ceBa BBEPXY) BBICTYIAET Kak
OT/AIOIIAs IOMYNSKS C MOTOKOM O0COO0€H NpEeHMYLIECTBEHHO B OIHOM HANpaBIEHHH B CTOPOHY
MIPUHUMAIONIEH TTOMY/SIINY (BHHU3Y); 0OOMEH MEXly METAIONy/SIIUSIMHA TPOUCXOJHUT IIIaBHBIM 00pa3oM
B HallpaBJICHHUH CJIEBA HAIIPABO.
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CxeMaTHyeckas JuarpaMma, TOKa3bIBarolasi BO3MOKHBIE B3aUMOCBS3H MEXAY apeajlaMu KOPMIICHHUS
o0OHUTaOMUX Ha Cylle (TPEeyroJbHUKH) W MOPCKHX XHUIIHWKOB (HAIpHMeEp, KHTOB), OXOTSIIMXCS Ha
JIOKAJIBHBIE MOIYIISIMK TIPOMBICIIOBBIX BUIOB (TEMHbBIE yceUeHHbIe OBalibl). HIDKHMI TpeyrolibHUK U
JIOKaJIbHAsl OMYJISIIKS IPOMBICTIOBBIX BUIOB IIOKA3bIBAET CUCTEMY XUIHUK—KEPTBA, HE3aBUCUMYIO OT
BEPXHEH CUCTEMBI.

Cxemarnyeckass nuarpaMma, IOKa3bIBaloOIas MPOMBICIOBBIE YYaCTKHM KaK MeCTa KOHIICHTpaIluu
MIPOMBICIIOBOH AEATEIEHOCTH, HAPABICHHON Ha ONHY MM HECKOJBKO JIOKAIBHBIX TOMyanuii. Yucio
JIOKAJBHBIX TIOMYJISAIUI Ha yJ4acTKe 3aBUCHUT OT MaciTada MPOMBICIIOBOH JESITEIBHOCTH 110 CPABHEHUIO
C TIPOCTPAHCTBEHHBIM MPOTSHKEHHEM JIOKAIbHOW momymsamuu. CTpenkaMu IOKa3aHO ITOBEICHHE
TIPOMEBICITOBBIX CYIIOB, HAIIPUMEP, OTJCIBHBIC TPAICHUS.

CxeMaThyeckasl [uarpaMma, MOKa3bIBArOINAs CTPYKTYPY COHHHI[ XHIIHHKOB M B3aMMOCBS3b MEKIY
XHIIHUKaMHU (Ha3eMHBIE — TPEYTOJILHUKH; MOPCKHUE, HAIPUMEDP KHUThI, — TOYCUHBII OBaJ), IOKATbHBIMH
MOIYJISIIIUSIMHU TTPOMBICIIOBBIX BHJIOB M IIPOMBICIIOM ((KUpPHAsI IyHKTUPHAs JIMHUSA ). KOTOHUY XUIITHUKOB,
IJ¢ BO3MOKCH MOHHTOPHWHI, NMPOHYMEpPOBaHbl. BepTHKaabHBIC MYHKTUPHBIC JHHHH Pa3ieisioT 3
CJIMHHMIIBI XUIITHUKOB (CM. TEKCT).

O6muuit BeutoB Kpwitst (T) ¢ 1988 mo 2000 pa3OuThie TOABI B KaKIOM MEJIKOMAcCIITAOHOM paioHe
(0.5° mmpoter x 1° monroter) B roxHON ATnantuke (Paiton 48 AHTKOMa). 3akpamieHHBIE KPYXKKH
IIPOTIOPIIMOHANBHBl  pa3Mepy BbUIOBA. [lyHKTHpHBIE BEPTHKAIBHBIE OTPE3KH CBS3BIBAIOT KaXKIBIH
3aIITPUXOBAHHBIM KPY)KOK C KOOpAMHATaAaMH MEIKO-MacIITa0HOTO paiioHa. UepHble KBaaparhbl
— MeJKOMacIITabHbIe paiioHbI ¢ yaacTkamu cymn. KGL = o-sa Kunr-J/{xopmx u Jlusuarcron; EI = 0-B
Onedant; SO = KOxubIe OpkHeiickue 0-Ba; SG = IOxnas ['eoprust.

KoHmentyansHast MOIEIh €AMHUI] XUITHUKOB B TIPOMBICTIOBOM enuHIIIE IookHOU ATnantuku (Pafion 48)
Ha OCHOBE 3HaHHMH O JIOKAIBHBIX ITOIYJISIIUAX KPHIIS, OKeaHOTpaduH, apeanax KOPMIICHHS XUITHUKOB 1
ITPOMBICJIOBBIX yJaCTKaXx. LIepHI)Ie OJIJTUTICHI MTOKA3BIBAIOT JIOKAJIBHBIC MMOMMYJIIAIUN KPUJIA; CEPBIC KPYyTrU
— apealrbl KOPMJICHHSI OOHMTAIOMINX HA CyIle XUITHUKOB. CTpeKaMu 1MoKa3aHO BO3ZMOXKHOE JBIDKCHHC
KPHWJISI MEXKJIY JOKAJIBHBIMHA MOMYJSAIUAMHU. [IyHKTHPOM IOKa3aHO paslelieHHE MEXIy EIMHULIaMH
XUITHUKOB: AP = AnTtapkrudeckuii m-oB, KGL = o-Ba Kunr-J/[)xopmk u Jlueunrcron, EI = 0-B Dnedanr,
SO = IOxusie OpkHelickue 0-Ba, SG = FOxHas ['eoprusi, WS = mope Vanaemna. Beprukanbasle TMHUT
Ha SO u SG mOKa3bIBalOT BO3MOXHOE MOApa3feieHHe €AWHUI] XUIIHUKOB Ha OCHOBE PA3IHMYHBIX
MIPOMBICIIOBBIX YYACTKOB B 3THUX IBYX perHOHaX (Oeible DJUTUIICHI TMTOKAa3bIBAIOT, MPEANOI0KUTENBHO,
MEHee Ba)KHBIE JIOKaIbHBIC paifOHBI KPHJISL, CyAs 10 TAHHBIM 00 yJIOBaX MpPH MPOMBICIE KPHIIS).

OO6mmii BRIJIOB KIS (T) MO CTaTUCTHYECKUM TOApPAHOHAM FOXKHOW ATIIAHTHKU 32 KaXKIbI CE30H C
utons 1997 mo urons 2000 r.: [Togpaiion 48.3 (BepxHwmii pucyHOK), [Togpaiion 48.2 (cpenHuit pUCYHOK)
u [loapaiion 48.1 (HrxHuM pucyHok). [TomeTka A1 KaxI0TO rojia M BepTUKAJIbHAsL TyHKTUPHAs TUHUS
COOTBETCTBYIOT 3UMe (MIONIb—CEHTIO0pB). Kaxknas oTMeTka 3a rofoM NpeacTaBiseT MOCIeJ0BaTEIbHbIE
CE30HBI: BeCHY (OKTSIOpb—/1eKalpsb), JeTo (SHBapb—MapT) M OCEHb (anpesib—HIOHb). YIIOBBI pa3OUTHI 110
BCEM CE30HaM W TOojpaiioHaM, 4TOOBI MOKa3aTh BBUIOB B KaXIOM paiOHE MPOMBICNA, OMHCAHHOM B
TEKCTe.

Lista de las figuras

Diagramas de la estructura demografica. (a) Una sola poblacion donde la mayor densidad se muestra
en negro, a medida que la densidad se reduce el punteado se hace menos denso, y un limite definido del
habitat. (b) Dos poblaciones distintas. (c) Dos metapoblaciones con tres poblaciones locales cada una: la
metapoblacion de la izquierda tiene un intercambio en ambos sentidos entre cada una de las poblaciones
locales; la metapoblacién de la derecha tiene una poblacién local (extremo superior izquierdo) que actta
principalmente como una poblacién fuente con flujo de individuos en su mayoria en una sola direccién
hacia una poblacién receptora (extremo inferior); el intercambio entre las metapoblaciones ocurre
principalmente de izquierda a derecha.

Diagrama esquemadtico que muestra las posibles relaciones entre las zonas de alimentacién de los
depredadores que se reproducen en tierra (tridngulos) y aquellos que se reproducen en el mar (p.ej.
ballenas) y las poblaciones locales de especies explotadas (6valo oscuro truncado). El tridngulo inferior
y la poblacién local de las especies explotadas muestra un sistema depredador—presa independiente del
sistema mostrado en el extremo superior.

Diagrama esquematico donde los caladeros de pesca se muestran como dreas donde la pesca se concentra
en una o mas poblaciones locales. El nimero de poblaciones locales en un caladero dependera de la
intensidad de pesca en relacion con la distribucién espacial de una poblacién local. Las flechas muestran
las actividades del barco de pesca, por ejemplo, lances individuales.



Figura 4:

Figura 5:

Figura 6:

Figura 7:

Defining smaller-scale management units for the Antarctic krill fishery

Diagrama esquematico que muestra la estructura de las unidades de depredadores y la relacién entre los
depredadores (aquellos que se reproducen en tierra — tridngulos; los que se reproducen en el mar (p.ej.
ballenas) — évalo punteado), las poblaciones locales de especies explotadas y una pesqueria cualquiera
(linea punteada gruesa). Se enumeran las colonias de depredadores que pueden ser controladas. Las
lineas verticales entrecortadas separan tres unidades de depredadores (ver explicacién en el texto).

Captura total de kril (toneladas) entre los afios emergentes de 1988 a 2000 en cada cuadricula a escala fina
(0,5° de latitud x 1° de longitud) en el Atlantico sur (Area 48 de la CCRVMA). Los circulos sombreados
son proporcionales al tamafio de la captura. Las lineas entrecortadas son barras verticales que relacionan
cada circulo sombreado a las coordenadas del area a escala fina. Los cuadrados negros son areas a escala
fina 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.

Modelo conceptual de las unidades de depredadores en la unidad de explotacién del Atlantico Sur
(Area 48) basado en el conocimiento de las poblaciones locales de kril, la oceanografia, los radios de
alimentacién de los depredadores y los caladeros de pesca. Las elipses negras representan las poblaciones
locales de kril, los circulos grises representan las zonas de alimentacién de los depredadores que se
reproducen en tierra. Las flechas indican el posible desplazamiento de kril entre poblaciones locales.
Las lineas entrecortadas muestran la separacién entre las unidades de depredadores: AP = Peninsula
Antartica, 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 lineas verticales en SO y SG indican una posible
subdivisién 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 relacién al kril local,
sobre la base de los datos de captura de la pesqueria de kril).

Captura total de kril (toneladas) en cada subérea estadistica de la regién del Atlantico sur por temporada
desde julio de 1987 hasta junio de 2000: Subérea 48.3 (cuadro superior), Subérea 48.2 (cuadro intermedio)
y Subérea 48.1 (cuadro inferior). La temporada marcada por el afio y la linea 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 otofio (abril-
junio). Las capturas por temporada y subarea se desglosan para ilustrar las capturas en cada una de las
areas de pesca descritas en el texto.
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