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AN APPROACH TO A MANAGEMENT STRATEGY FOR THE ANTARCTIC MARINE ECOSYSTEM 

Abstract 

A number of options for a management strategy ranging 
from total protection to harvesting at specific levels 
are discussed. These options·are based on certain 
assumptions on the state of the system and consideration 
of past exploitation and present condition of stocks, 
Experimental fishing is suggested to obtain necessary 
information on responses within the ecosystem. Three 
areas of research priority are indicated·and the design 
of experiments to assist management are proposed. 

APPROCHE D'UNE STRATEGIE D'AMENAGEMENT DE L'ECOSYSTEME MARIN DE L'ANTARCTIQUE 

Resume 

Plusieurs options sont discutees quant au choix d'une 
strategie d'amenagement, allant de la protection totale 
jusqu'a l'exploitation a des niveaux determines. Ces 
options sont fondees sur certaine·s hyPQtheses concernant 
l'etat du systeme et tiennent compte de l'exploitation 
passee et de la condition presente des stocks. Des 
operations de peche experimentales sont suggerees afin 
d'obtenir les informations necessaires en ce qui concerne 
les reactions au sein de l'ecosysteme. Trois domaines de 
recherches prioritaires sont indiques et le format 
d'experiences destinees a faciliter l'amenagement est 
propose. 

TIO,I\XO,I\ K CTPATEI'I1H YTIPABJ1EHI15I MOPCKOfl 3KOCl1CTEMOti AHTAPKTI1KI1 

Pe3ioMe 

06cy)l(,!:\aeTCR HeCKOnbKO B03MO~Hb!X CTpaTerHH 
ynpaBneHHR: OT nonHOH oxpaHbl llO 9KCnnyaTaQHH B 
onpeueneHHOH CTeneHH. OCHOBOH 9THX npeuno~eHHH 
nocny~HnH onpeueneHHble npeunono~eHHH o cocToH
HHH CHCTeMbl H CBeueHHH O npo~cne B npornnoM H 
COBpeMeHHOM COCTOHHHH 3anacoB. ,I\nH Toro, qTOObl 
nonyqHTb Heo6XOllHMY!O HH¢opMaQH!O O peaKQHRX B 
9KOCHCTeMe, npeunaraeTCH npHMeHHTb MeTOll 9Kcne
PHMeHTanbHOro npOMb!Cna. YKa3aHbl TPH c¢epbl nep
BooqepeUHbJX HccnelloBaHHH H npeunara!OTCR cxe~ 
SKcnepHMeHTOB B noMomn ocymecTBneHHhl ynpaBne
HHR. 
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ENFOQUE DE UNA ESTRATEGIA DE ADMINISTRACION DEL ECOSISTEMA MARINO ANTARTICO 

Resumen 

Se estudian varias opciones con respecto a una estrategia 
de administraci6n que varian desde una protecci6n total 
hasta la recolecci6n a niveles especificos. Estas 
opciones se basan sobre ciertas suposiciones sobre el 
estado del sistema y toman en cuenta la explotaci6n 
pasada y el estado actual de las existencias. Se 
menciona la pesca experimental como medic para 
obtener la informaci6n necesaria sobre las respuestas 
dentro del ecosistema. Seda prioridad a tres ~reas 
de investigaci6n y se propone el disefio de experimentos 
para asistir a la administraci6n. 
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INTRODUCTION 

During informal discussions of the Scientific Committee for the 
Conservation of Antarctic Marine Living Resources, held at Hobart 
from 7~10 June 1982, participants were asked to prepare their 
views on management goals, for discussion at the second meeting 
of Scientific Committee. Subsequently, a panel of scientists in 
Australia discussed possible approaches to a man~gement strategy 
and this was assembled as a basis for further discussion. 

Several alternative approaches are set out and the likely 
consequences of each are assessed on the basis of our present 
limited understanding of relationships within this ecosyste~. 
Although necessarily simplistic at this stage, the process is 
aimed at helping to ~larify management goals, as well as to 
highlight some research priorities. 

For-the present purposes of a "thought- starter" aimed at 
stimulating discussion, any other commitments, resolutions or
prejudices for or against the harvesting of particular species 
or groups of species are placed to one side in order to enable 
the Scientific Committee to consider objectively the most 
effective means of achieving the aims of the Convention for the 
Conservation of Antarctic Marine Living Resources. 

In the interests of brevity, no attempt has been made to review 
the literature on the state of individual stocks, nor to c i scuss 
in detai l the evidence available to support each assumptio~. 
Instead, we have drawn upon recent revie~s such as those b y the 
BIOMASS group (El-Sayed 1977, 1981), by Everson ( 1977) , 
Laws (1977), Lubimova et al. (1980), May et .2l_. (1979) an-:: 
Knox ( 1982) 

OBJECTIVES 

In expanding on the primary objective of the Con vention, ~hich is 
the conservation of Antarctic marine living resources , Article 1: 
makes five points:-

(a) Conservation . includes ratio:ial us e: 

(b) The ecosystem is to be managed in -a manner which :cair.tair:s 
the ecological relationships between harvested, depe~~e~t 
and competing populations: 

(c) Management of the ecosystem will include the restorat:=~ 
of depleted populations (to a level as defined in {~ ) ): 

(d) Management should prevent any harvested population frc~ 
falling below a level close to that which ensures the 
greatest net annual increment: 

(e) Manage~er.t of the marine ecosyste~ should not only be 
concerned with the effects of harvesting, but also ~1:~ 
the effects of introduction of alien species and also 
the i~pacts of other activities likely to effect 
environmental changes which are not potentially 
reversible over two or three decades . 
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Thes~ agre~d approaches set the objectives around which a 
ma~agement strategy must be framed. 

T~E ECOSYSTEM CONCEPT 

The Convention does not specify that each population be returned 
to, and maintained at, the size which may have existed in the 
undisturbed state (some 150 years ago). Instead, there is a 
commitment to manage the ecosystem as a whole, re-establishing 
a~d maintaining relationships between members of the community. 
Since all the elements of an ecosystem are interlinked, management 
within the context of the ecosystem implies an understanding of 
how the various linkages operate. The most effective way to 
reach an understanding of how those linkages operate is to 
identify the major forces which drive them. 

It is generally accepted that a major limiting mechanism is the 
availability of food; that is, important links in the ecosystem 
are trophic links. The consequences of this proposition that food 
has been limiting in the Antarctic ecosystem are of major 
significance. They enable the rate of increase or decrease in 
r~source abundance to be predicted under a variety of alternative 
management regimes. 

There is evidence that Euphausia suo erba, the major species of 
Antarctic krill, is the staple food of key resource species in 
the Antarctic ecosystem including baleen whales, crabeater seals , 
fur seals and Adelie penguins. ~- suoerba may also be an 
important food for Antarctic fish and cephalopods, upon which 
other species of seals, penguins and other seabirds depend. 
Therefore, variations in krill abundance will have a direct impact 
on the ~ajor consumers in the Antarctic and vice versa. 

Some populations of penguins, in contrast to baleen whales, may 
have limited areas in which to bre~d; there are limited ice-free 
areas of coast close enough to a supply of krill adequate to 
feed themselves and their young. Thus penguins may be limited 
both by food and by breeding space. Certain seals may also be 
limited by available breeding sites on sub-Antarctic islands. 
Such populations although limited to so~e extent by food abundance 
will show a uniquely different population response to changes in 
the numbers of other competing species and to alternative 
management strategies. 

Before the advent of man, a balance had apparently been achieved 
between the competing species of consumers (and their ~redatcrs) 
within the undisturbed ecosyste~, such that each population 
remains at or near its asymptote for the natural environmental 
pressures to which it was exposed. In that situation the 
recruitment coefficient (r) approximated the natural mortality 
coefficient (M) so that a population fluctuated about a stable 
level. 

If there was a long term trend changing the environmental 
pressures , those populations under greater pressure would be 
exposed to higher mortality and/or lower recruitment such that 
r-M being negative would bring that population into decline, 
while a population under reduced pressure would have a positive 
value for r-M, resulting in a rise in that population. ~hus there 
would be an adjustment until the competing populations achieved 
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a fresh ba_lance, possibly in different proportions to that 
existing previ9usly. 

PAST EXPLOITATION AND PRESENT CONDITION OF STOCKS 

Exploitation of resources from the Antarctic marine ecosysterr. 
commenced over 150 years ago, first upon fur seals, then on 
elephant seals and penguins on sub-Antarctic islands. Bunt i ng o f 
right whales peaked about 1840 but had tot ally collapsed by 1845 
due to overfishing. Catching of the larger and/ or faster 
swimming baleen whales in the Antarctic ecosystem was largely 
delayed until the beginning of the present century with the 
introduction of.the harpoon gun and steam vessels. Progressive 
depletion of blue whales, humpback whales, fin whales and sei 
whales followed. · 

As th~se populations of consumers were reduced, competition for 
.food was eased, the improved nutrition resu l ting in faster growt:1, 
earlier maturity, higher reproductive rates (Laws 1977), and the 
potential for better survival of young. In this situation the 
di fferen.ce betwee:1 recruitment (r) and natural mortality ('.1) 
became positive, e:1abling those populations not being hunted t o 
increase exponentially in the form: 

N e (r-M) t 
0 

In minke whales, r-M is apparently considered to be maxi~al at 
presen t , the catch quota of 7020 minke wha l es ?ermitted by the 
IWC in 1982-83 being aimed to h6ld·southern stocks at a level 
where net ar.nual increment is grea~est. 

With the lesser.ea c ompetition for food, krill consuming per. g u i ns 
may have peaked quickly then stabilised as the easing of t Le foo d 
limi tation was replaced by the li~itati on o f available breed ing 
space. 

For craoeater seals however, the release o f the limitation o f 
food may have enabled r-M to maximise an d p opul a tior, growth to 
contir.ue to rise towards a new plateau whos e li:.'.i ts are t,ot yet 
determi:-:ed. 

On the above hypotheses, the relative positions today of some of 
the :r.ajor consumers in the Antarctic ecos·1ste:n on the sig:-:--.oid 
population growth curve are indicated ir. Figure l. In absolute 
terms the vertical scale will oe different for each species, 
but Figure 1 illustrates the relative condition o f population s at 
present. Certain populations of elephan t seals and fur seals 
have recovered well from earlier exploitation and may be 
approaching a limit (where r=M) of breeding space rather than 
food supply. 

ALTERNATIVE MJ..1'U-.GE:-1E~T APPROACHES 

If the objectives of Article II of the Convention are to be 
achieved, Figure 1 clearly shows that right, blue, fir., humpba c k 
a:1d &ei whales need to be given every opportun i ty to recover. 
Not only should they be fully protected from ar.y further h~~t i n g 
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Figure l. Present relative positions of major consumers in the Antarctic 
~arine ecosystem o~ a copulation growth curve . 
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at ~his st~ge, but also management of other ~ectors of the 
ecusystem should be designed to ensure that food supply in the 
form of krill swarms is sustained at levels which do not inhibit 
the recovery of the depleted whale stocks. 

In the case of minke whales , if the Scientific Committee of the 
International Whaling Commission is convinced that there are 
sufficient data ·to conclude that Antarctic stocks are presently 
held at a level where net annual increment is maximal, then on 
the basi5 -0f Article II of the Convention, a carefJlly selected 
level of catching might be sustained. (However, at the 34th 
annual meeting of the IWC a schedule amendment was passed 
specifying a cessation of c ommercial whaling by 1986.) 

Crabeater seals, .on the other hand, present an anomaly; they 
appear to be benefiting from maximal net annual increment and so 
satisfying Article II of the Convention, but possibly at the 
expense of the depleted baleen whales. 

If breeding space is limiting further increase of penguins and 
other birds, elephant seals and fur seals, then these groups of 
cons~~ers are unlikely to retard the recovery of depleted whale 
species through increasing competition fo.r food. 

Then setting aside fish and cephalopods for the time being (for 
reasons discussed later), a limited number of O?tions remain for 
consideration as manageme n t strategies. Some of these are 
listed as fol l ows: 

A. Total protection: no harvest of any species. 

B. Lo',; harvest of krill only. 

C. Hi;-h har,;est of krill only. 

D. Lo~ (or zero) harvest of krill+ sustainable catch of 
crabeater seals. 

E. High harvest of krill+ sustainab l e catch of crabeater 
seals. 

F. Low (or zero) harvest of krill+ sustainable catch of 
crabeater seals+ sustainable catch of minke whales. 

HYPOTHETICAL CO~SEQUE~CES 

Subject to the assumptions outlined above, the likely 
consequences upcn the ecosystem arising from each of the 
management options can now be considered. 

A. Total Protection: no harvest of any s necies: 

With key pop~lations in the relative positions as indicated 
in Figure 1, ~rabeater seals are best placed to move ahead 
eve n furtr.er by exponential growt~ at maximal rate. Some 
other seals and penguins might soon reach the limit set by 
ava i lable breeding space (if not alre~dy so limited). 
Minke w~ales, if already at a level w~ere net annual 
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increment is maximal, would increase much more rapidly 
than other baleen whales, and so have the potential to 
achieve a greater population size than ever before. 

When the overall food supply ceiling was again reached , 
the krill consumers in this ecosystem may well be dominated 
by crabeater seals and minke whales while the larger 
baleen whales may be insignificant. 

Thus a management strategy where there was an immediate 
and complete closure of any further exploitation of 
resources within the Antarctic ecosystem would not 
automatically result in recovery of all stocks to the same 
community structure· as that which existed 150 years ago. 

Low harvest of krill only : 

A low harvest of krill which left a large proportion of 
the preser:t "surplus" would have much the same result as 
option A, except that the food supply ceiling would be 
reached somewhat earlier, halting the widening gaps between 
the krill consumers. 

Hi g h harvest of krill only : 

Similar effect as option B. However, with an early 
cessation of recovery, certain of the severely depleted 
stocks of some baleen whales might fail to maximise net 
annual increment and in the. face of declining recruitment, 
one or two s~ecies might disappear altogether. 

Low (or zero) harvest of krill+ sustainable catch of 
crabeater seals: 

Crabeater seals would be held r:ear their present level; 
baleen whales would increase but minke whales would outstrip 
other species. When the food ceiling was reached, 
crabeater seals and minke whales might be relatively more 
abundant than in the ecosystem of 150 years ago, but the 
larger whales should be far better represented than at 
present. 

Hi gh harvest of krill+ sustainable catch of crabeater 
seals: 

Slightly better prospects than option C for some partial 
recovery of presently depleted baleen whale populations, 
but again the available food could be limiting well before 
net anr.ual increment was ~aximal. 

Low (or zero) harvest of krill+ sustainable catch of 
crabeater seals+ sustainable catch of minke whales: 

With crabeater seal ar.d ~ir.ke whale populations remaining 
static, other baleen whales would move as fast as possible 
towi3,rds levels where net annu2l increments were greatest. 
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Wh, le this by no means exhausts the options which might be 
av~ilable,·these examples serve to illustrate the point that in 
the present state of the Antarctic ecosystem, if Article II of 
the Convention is to be put into effect, the ecosystem cannot 
be managed adequately by taking only krill. In order-to ensure 
that depleted stocks have an early opportunity to maximise net 
annual increment, option F would appear to be the most effective, 
at least in the short term. As the larger baleen whale species 
recovered to the point where net annual increment became maximal, 
minke whaling a~d sealing could cease, or alternatively; a whole 
new management strategy might be devised for this ecosystem. 

The probable impact of each option outlined above is a 
generalisation only. Much would depend on a more precise 
definition of "low" and "high" levels of exploitation of krill. 
The assumption that penguins (and certain species of seals) are 
limited by breeding space needs to be checked. If incorrect 
(i.e., not presently limited by either breeding space or by 
food), then a higher complexity of options is possible, and 
unless culling of penguins was applied, these might dominate the 
system in time. However, the rationale leading towards option F 
is considered to be reasonably based for a first a?proach to a 
management strategy. 

In this approach to management strategies, fish and cephalopods 
were not included amongst the major consumers. Although fish 
have some importance within the ecosystem, it was initially 
considered that they might not be in such direct competition as 
the other maJor consumers because the larger stocks of demersal 
fish occurred on banks on the outer edge of the ecosystem (e.g. 
around Kerguelen/Heard · Islands, and South Georgia), where 
exploitation had alreadi been severe. For example, fish catches 
around Kerguelen Islands peaked in 1971-72 with a total catch 
of 120,000 tonne3, thereafter declining, whil~ fish catches in 
the South Atlantic sector peaked in 1977-78 with a total catch 
of 202,000 tonnes and then declining sharply (FAO Yearbook of 
Fishery Statistics 1981, vol. 52). Thus it was thought that fish 
might be considered separately for management pur?oses. 

However, recent examination of fish larvae within Australian 
zooplankton samples showed increasing proportions of larvae of 
demersal fish approaching the coast of Antarctica, possibly 
indicating significant stocks of demersal fish on the continental 
shelf of the mainland itself. One further aspect requiring 
consideration is the potential impact on fish resources of the 
relatively high by-catch take of fish larvae during commercial 
krill fishing. 

Much less is known of cephalopod resources of Antarctic waters, 
but these might well be located towards the outer edge of the 
ecosystem (nearer to the Antarctic Convergence), as Australian 
zooplankton samples taken towards the Antarctic continent rarely 
contained any squid larvae. Also it is possible that cephalopods 
might be part of a slightly different food chain not so dependent 
upon Eu phausia suoerba. Hence it appears unlikely that squid 
need to be considered in management strategies in the first 
instance, though they warrant research attention in the longer 
term . 
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CANTITATIVE MODELLING 

The relatively simple conceptual models developed above might well 
be tested further by simulations based upon those data which are 
available. While the limitations of the data may mean that the 
initial output will lack precision, such exercises will give 
further guidance in selecting options for closer investigation. 
Examples of this approach are given by May et al. ( 1979). 

EXPERIMENTAL FISHING AS A MN~AGEMENT TOOL 

Linked with the ~odelling suggested above, the assumptions 
inherent in certain of the options outlined earlier might be 
tested in very pra c tical. terms by relatively large scale 
ex~eriments carried out in different geogra~hic sectors of the 
Antarctic ecosystem. Gyres maintained within the circumpolar 
water circulation concentrate krill into semi-discrete systems 
(Lubimova et al. 1980), and at least in the case of the baleen 
whales there are indications (Mackintosh 1942) that these 
consumers tend to feed each year on the same food concentration 
rather than to range freely around Antarctic waters. Hence it 
is highly probable that different experimental fishing regimes 
tested in separate (well chosen) sectors of Antarctic waters 
would yield meaningful results. 

Three options which could be anticipated to produce quite different 
impacts are A, C and F. If these were applied to separate 
geographic sectors of Antarctic waters, then Sector A might be 
closed to fishir.~ (a sanctuary), Sector C ~ ight ~e fished heavily 
for krill every season, while Sector F might be exposed to low 
(or zero) harvest of krill plus sustainable catches of minke 
whales and crabeater seals. 

In all three sectors, considerable ~ase-l{ne data would be 
required, includ~ng population parame ters for both crabeater 
seals and minke whales (population size; age at first breeding; 
birth rate, growth rate, natural mortality), and if possible 
some sighting rates for other species of baleen . whales. Each 
management regime would need to be r:,aintained continuously for 
a nu::-,ber of years (at least six years), and the same base-line 
data agai n measured. 

If it was practical to mount controlled ex~eriments on such a 
scale, a number of ancillary projects could be incorporated to 
study the roles o:: other consumers such as birds or other seal 
species. 

Selected hypotheses might be tested by more localised experiments. 
For exa~ple, the hypothesis that breeding space is now limiting 
population growth of penguins might be tested by a controlled 
experi~ent using two separate colonies of the same species. In 
the first colony a high proportion of the adults would be banded 
but the populati~" otherwise undisturbed. In the second colony 
a significant proportion of the adults (e.(J. onP. third) would 
be culled and a hig~ proportion of the remainder banded. Knowing 
that there is li~tle exchange between colonies, in subsequent 
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yearsthe 9ecline in the percentage of adults carrying bands will 
retlect recruitment plus band losses. Assuming equal rates of 
band loss in members of bo_th colonies, a more rapid dilution of 
bands in the culled-population will indicate an increased raie of 
recruitment to the adult population. Comparison of growth rates 
of chicks from year to year and between the two colonies could 
be used as an index of nutritional state within the colonies 
(i.e., whether food is becoming limiting), while regular censuses 

would indicate whether one or both populations had ceased to 
increase (indicating a limitation of breeding space, if nutrition 
was still optimal). 

The hypothesis that populations of elephant seals and fur seals 
may now be approaching equilibrium (determined by limited breeding 
space) might be tested similarly. ~owever, as po~ulation 
parameters can be measured more effectively in these mammals 
than is possible for penguins, such gross culling may not be 
required. 

CONCLUSIONS 

This initial approach to a management strategy for the Antarctic 
marine ecosystem is based upon the stat~ of knowledge presently 
available. Certain assumptions had to be r.i.ade, i.e.;. 

(a) that krill supply had been the main determinant of 
population size for the major consumers within the 
undisturbed ecosystem; 

(bl that for certain penguins and seals, breeding space was 
also limiting (a nd continues to limit population growth); 

(c) that for crabeater seals, breeding space has not ~een a 
lirni ting factor, and that wi t_h the recuction in 
competition for food, crabeater seals are now increasing 
exponentially; 

(d) that the southern population of minke whales is presently 
held (by fishing) at a level where net annual increment is 
close to maximal. 

The framework of _approach using these assumptions has · enabled a 
strategy of modelling linked with experimental fishing to be 
proposed, and has also focussed upon some research priorities 
needed to check certain of the basic assu~ptions. 

Proposals for exoerimental fishing are based on applying quite 
different management strategies to each of several geographic 
sectors within the Antarctic ecosystem and by carefully 
monitoring the responses of harvested, dependent and competing 
species, learn more of the relationships between key members of 
this community. The results can then be applied in refining 
models. The magnitude of such an undertaking to apply well 
designed experi~ental fishing as a means of testing hypotheses 
and in determining relationships betwe~n species within this 
ecosysteM is recognised. However, a management strategy based on 
carefully plan~ed experiDental fishing with concurrent research 
data taken on other competitors o·r consurr.ers may be the most 
practical approach to managing the ecosyste~ successfully. 
Management research on this scale will be expensive, but there 
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are opport~nities for defraying the research costs by careful 
utiiisation of the resources taken during the process. 

An important research priority which stands out in developing 
this approach to· management is the need for information on 
crabeater seal population size, age structure, breeding and 
mortality rates, etc. It is also necessary to verify {or refute) 
the hypothesis that crabeater seals are increasing to some higher 
plateau as a result of increasing food availability because of 
reduction of baleen whales. 

Another research priority which has been identified is the need 
to assess whether certain species of penguins, fur seals and 
elephant seals may be limited by breeding space rather than 
solely by food supply. 

A third research priority is a closer examination of the by~catch 
take of larval fish within krill fishing operations and an 
assessment of the impact of this upon fish resources. 

A management strategy should not be regarded as a rigid• framework 
but rather as an iterative process, with reviews as warranted by 
the gaining of fresh information. The next review and 
re-assessment should be carried out as soon as the Scientific 
Committee of CCAMLR has carried out a review of all available· data 
upon the condition of each major species within this ecosystem. 
Then if experimental fishing and research on the lines outlined 
above were carried out, management strategy could be reviewed and 
refined in the light of these findings. 

One important conclusion. which is evident from this first approach 
is that a strategy of immediate and full protection of all 
resources within this ecosystem is very unlikely to result in the 
recovery of all Bpecies to the community structure which existed 
over 150 years ago. For that obje·ctive to be achieved, some 
difficult (even Un.palatable) management actions will be necessary. 
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Figura 1. 

Present relative positions of major consumers in the 
Antarctic marine ecosystem on a population growth curve. 

Positions relatives actuelles des predateurs principaux 
dans l 1ecosysteme marin antarctique sur une courbe 
d'accroissement de la population. 

Cy~ecrByro~ee OTHOCHTenhHOe nono~eHHe OCHOBH@X 
XH~HHKOB MOpCKOA 9KOCHCTeMbl AHTaPKTHKH Ha 
KPHBO8 POCTa nonynn~HH. 

Posiciones actuales relativas de los mayores consumidores 
en el ecosistema marino antartico en una curva de crecimiento 
de poblaci6n, 




